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3ABOJIEBAEMOCTb U CMEPTHOCTb HACENEHUS
OT 3NTOKAYECTBEHHBIX HOBOOEPA30BAHWUI
B JANTbHEBOCTOYHOM ®EOEPANBHOM OKPYTE
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®IrB0Y BO «Amypckas rocyaapcTBeHHasi MeauUmMHCKas akageMus»
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AHHOTauus

Llenb nccnepgoBaHus — oLieHka TeppuTopranbHbiX 0COBeHHOCTEN OCHOBHBIX Nokasarernei 3abonesaemMocTu
1 CMEPTHOCTM OT 3M0Ka4eCTBEHHbIX HOBOOOPpa3oBaHui HaceneHus [JanbHeBOCTOYHOrO oeaepanbHOro okpyra
B nepwop 2013—-2022 rr. MaTepunan n metoabl. Pedynbsrathl oduLmMansHOM OTYETHOCTU OHKOCTTYXObI (.35 1
&.7) n faHHbIe TeppuTopUanbHbIX opraHoB PefepanbHON cnyxbbl rocyfapCTBEHHOW CTaTUCTUKN NO CMepT-
HOCTU, 06paboTaHHbIe C MOMOLLbIO CTaHAAPTHLIX NMPOrpaMM OHKONOrMYeCKon cTaTtucTuki. PesynbTtaThl. Ha
BOCTOKe CcTpaHbl B 2022 r. 3apeructpupoBaHo 31 822 HOBbIX Cryvas 3roka4eCcTBeHHbIX HOBOOOpa3oBaHui,
yTo Ha 1,3 % 6onblue, yem B 2021 r. CpeHee 3HaYeHe CTaTUCTUYECKOro nokasaTens 3aboneBaemMocT Co-
CTaBuUno y MyxunH 294,06 £ 5,05 (20201.—296,94 +4,66°/ ) Ha 100 000 HaceneHus npy Temnax yobinu
¢ 2013 1. -3,0 %. B »eHckoi nonynaumm noaobHbI nokasartesis yeenuiucsa ao 240,96 +5,73° (2020 . -
237,92 £ 6,26° ) ¢ Temnamu npupocTta +6,3 %. B cTpykType nepeuyHoii 3abonesaemoctvt HambornbLunii
yAenbHbIn BeCc umenu pak koxu (11,6 %), Tpaxeun, 6poHxos u nerkoro (11,5 %), monoyHon xenesbl (11,3 %)
n o6oa0o4HON KULKK (6,3 %). YMcno akTMBHO BbISIBNSiEMbIX GOMbHbIX NoBbicunock Ao 23,2 % (2013 r. —
14,0 %), TaK e KaK 1 MHOEKC HaKonneHns KoHTUHrenToB — 7,3 (2013 1. — 5,3). Bospocno konnyecTso 60mbHbIX
¢ |-Il cragnsmu onyxonesoro npouecca — 57,0 % (2013 r. — 47,5 %) ¢ 0QHOBPEMEHHbIM CHIKEHMEM Yncna
3anyLUeHHbIX popm 3abonesaHus — 20,8 % (2013 . — 24,7 %). KonnuecTtBo Mopdonormiecknx nccregoBaHumn
(94,1 %) okasanock Hmxe cpegHepoccuiickoro nokaarens (95,8 %), kak 1 yaenbHbI BeC 605bHbIX, COCTOS-
LMX Ha y4veTe nATb n 6onee net, — 57,2 % (PP — 58,2 %). CpeaHee 3Ha4eHve CTaTMCTUYECKOro nokasartens
CMEPTHOCTM Y MyX4nH coctasuno 174,99 + 3,10°/ (2020 1. — 181,76 £ 2,51°/ ) Ha 100 000 HaceneHus,
YTO MPEBbLICWIIO aHamNOrMYHbINA nokasaTenb y xeHwwuH — 91,34 + 1,20° (2020 r. — 93,71 + 0,80% ).
B cTpykType 06LLert CMepTHOCTV NuanpoBanv onyxonu Tpaxeu, 6poHxos v nerkoro (20,0 %), xenyzaka (8,9 %),
obogouHom kuwku (7,0 %) n monovHown xenesbl (6,6 %). 3aknoveHune. H13KknMN ypoBeHb akTUBHOMO Bbl-
SABMeHns 6onesHn He NO3BONWI CyLLEeCTBEHHO M3MEHUTb NnokasaTenu 3abonesBaemocTu 3a uccrnegyembin
nepuopg. bonbLwnin 06beM NPoUNaKTUYECKNX MEPONPUATUIA C yNyYLLEHNEM UX Ka4ecTBa AacT BOSMOXHOCTb
nepBUYHOMY 3BEHY 30PaBOOXPaHEHNS BbISBNATL paHHMe (PopMbl paka 1 (hopMmMpoBaTh rpynnbl «pucka» ans
nocnegytowero HabnogeHnst 3a PoHOBBIMM 1 NPeapPakoBbIMU COCTOSHUAMU, a, CrefoBaTernbHO, CHU3UTL
rokasarenm cMepTHOCTU HaceneHus. Heobxoaumbim yCrioBMEM COBEPLLEHCTBOBaHNS MEANLMHCKON NOMOLLM
OHKOMOrMYeCcKMM BOrbHBIM ABASIOTCA NOCTOSIHHASA NOATOTOBKA NPOdECCHMOHanbHbIX KaApOB U UCMONb30BaHUe
COBPEMEHHbIX TEXHOMNOINIA ANarHOCTUKN U NEYEHNs.

KnioueBble crnoBa: 3r10Ka4eCcTBeHHbIe HOBOOGPaSOBaHMﬂ, 3aboneBaemMocCTb, CMEepPTHOCTb, DOanbHui BocTok.

#=7 lopawmeHko Bukrtop MeTpoBuy, gen-45@rambler.ru
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EPIDEMIOLOGICAL STUDIES

CANCER INCIDENCE AND MORTALITY
IN THE FAR EASTERN FEDERAL DISTRICT (2013-2022)

V.P. Gordienko

Amur State Medical Academy
95, Gorky St., Blagoveshchensk, 675000, Russia

Abstract

The aim of the study was to assess the territorial patterns in cancer incidence and mortality among the
population of the Far Eastern Federal District in the period 2013-2022. Material and Methods. Data from
official reports of cancer services (form No 35, No. 7) processed using standard cancer statistics programs
were presented. Results. In the east of the country, 31,822 new cancer cases were registered in 2022,
which was 1.3 % more than in 2021. The average cancer incidence rate in males was 294.06 + 5.05 per
100,000 (2020: 296.94 * 4.66), with a decrease rate of 3.0 %. In females, the equivalent rate increased to
240.96 £+ 5.73 per 100,000 (2020: 237.92 £ 6.26 per 100,000) with a rise of 6.3 %. Skin cancer was the most
common malignancy (11.6 %) followed by trachea, bronchi, lung (11.5 %), breast (11.3 %) and colon (6.3 %)
cancers. The percent of actively detected patients increased to 23.2 % (2013: 14.0 %) as did the index of
accumulation of contingents — 7.3 (2013: 5.3). The number of patients with stage |-Il cancer increased to
57.0 % (2013: 47.5 %), while the number of stage IlI-IV cancers decreased to 20.8 % (2013: 24.7 %). The
number of morphologic studies (94.1 %) was lower than the average for RF (95.8 %). The proportion of
patients registered for five or more years decreased to 57.2 % (RF: 58.2 %). The average cancer mortality
rate in men was 174.99 + 3.10 per 100,000 (2020: 181.76 + 2.51 per 100,000). The average cancer mortality
rate in women was lower than in men, being 91.34 + 1.20 per 100,000 (2020: 93.71 £ 0.80° per 100,000).
Cancers of trachea, bronchi and lung (20.0 %), stomach (8.9 %), colon (7.0 %) and breast (6.6 %) were the
leading causes of mortality. Conclusion. The low level of active cancer detection did not significantly change
the incidence rates during the study period. A greater volume of preventive measures with improvement of
their quality will enable the primary health care system to detect cancer at early stages, form groups being
at high risk for cancer development and, consequently, to reduce mortality rates. A prerequisite for improv-
ing medical care for cancer patients is the continuous training of professional staff and the use of modern

diagnostic and treatment technologies.

Key words: malignant neoplasms, incidence, mortality, Far East.

[Ipobnema 3510Ka49eCTBEHHBIX HOBOOOPa30BaHHM
(3HO) B cOBpeMEHHBIX yCIOBHSIX OKa3aHUS MEIU-
nuHcKor momontn B Poccuiickoit @enepanyu (PD)
OCTaeTcs B IEHTPE BHIMAaHUI BCEX BETBEH BIIACTH, TaK
Kak B MOJTHOW Mepe HEBO3MOKHO OLIEHUTh MOPaJIbHBIN
U MarepualbHbIi yuiepd OoT M3MEHEHHH B KauecTBe
YKM3HU OHKOJIOTMYECKOT0 OOJIBLHOTO MPH, KaK MPaBUIIo,
HeNpeIcKa3yeMOM ITPOTHO3E €€ MTPOIOIHKATEIILHOCTH.
ITepBrie necarmnetuss XXI B. XxapakTepusyroTcs 1o-
CTOSIHHOM TEHJICHLIMEN K CHUKEHUIO YUCIa MPOKHU-
Baronux B Poccuu v Ha OTNIENBHBIX €€ TEPPUTOPHSIX,
YTO, TIPEXKJIC BCETO, OTPEICIACTCS HU3KUM YPOBHEM
poxkmaemocTH (2022 . — 1,3 MITH 4ell.) IpHu BBICOKUX
rmokasaressix cmeptHoctd (2022 . — 1,9 M den.),
KOTOpasi BO MHOI'OM 3aBHCHUT U OT pocTa uuciia 3abo-
JICBAIOIINX 3JI0Ka4€CTBEHHBIMU HOBOOOPa30BaHUSIMU
(2013 . —229,22°/ ;20221r.—236,47° ) [1].

B 2022 r. B Hamie#l cTpaHe 3aperucTpupoOBaHO
624 835 onKonoruueckux OOIBHBIX (MykunH—283 179,
xeHIuH — 341 656), 9To cBUAETEIhCTBYEeT 00 yBe-
JIMYCHHUH UX dKciia Ha 7,65 % otHocuTenbHO 2021 1
(580 415 genosek: MmyxxuuH — 265 039, xeHIUH —
315 376), koraa Obl1a pacipocTpaHeHa KOPOHABUPYC-
Has uHeknus (COVID-19). Poct yncna 3aboneBmmx
¢ 2013 . mpou3omresn Mo OOIBITHHCTRY JIOKATU3AIIHNA

6

3HO: pax koxu —Ha 20,0 %, pak MOJIOYHOM JKeIe3bl —
Ha 25,8 %, pak 0001049HOM KuiKK —Ha 27,5 %, Mena-
HoMma — Ha 34,5 %, pak mpeacTaTeIbHOM JKele3bl — Ha
52,1 %. B TeppuTOpHANBHBIX CHENHATN3NPOBAHHBIX
YUPEXKISHHUSIX CTPAHBI IO TMCTIaHCEPHBIM HaOIIoIe-
HueM Haxonuioch 4 023 446 manuentoB (B 2021 1. —
3 940 529). Yuum u3 xu3Hu 276 878 uenosek (B
2021 r. — 278 992): u3 HUX MY>KYMHBI COCTaBUJIH
53,3 %, xxenumunsl — 46,7 %. Benymumu J1okanuza-
IUSMHU B 001Ieil CTpyKType 3a0051eBa€MOCTH CTaIH
pak xkoxu 12,7 % (8 2013 . — 12,3 %), pax MosiouHOH
xkenesbl — 12,3 % (B 2013 . — 11,4 %), pak Tpaxew,
OponxoB u nerkoro — 9,2 % (8 2013 1. — 10,5 %), pak
ob6omounoi kumku — 7,1 % (8 2013 . — 6,5 %). Cpe-
U npuuuH cmeptHoct oT 3HO Ha mepBom mecte
OKazaJcsl paKk Tpaxeu, OpOHXOB U Jierkoro — 16,8 %
(82013 . — 17,4 %), Ha BTOPOM — PaK >KEIIyAKa —
8,8 % (82013 . — 10,9 %), Ha TpeTbeM — pak 000-
nouHo# kummkn — 8,4 % (8 2013 1. — 7,6 %) u ueTBep-
TOM — pak MoJjiouHoH xene3bl — 7,4 % (B 2013 . —
8,0 %) [2-4].

AHasornyHasi KapTHHA COCTOSIHUSL MEAULIMHCKON
TTOMOIITY OHKOJIOTHYECKUM OOJIbHBIM HAOIOaIach U
B JlanpHeBocTouHOM (hepepanbHoM okpyre (LDO),
3aHumarouieM cbiiie 40 % tepputopun PO c Hace-
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nerueM 7 935 219 yenoex. OcoOEHHOCTH KIMMATO-
reorpauIecKux U TCOXUMHUCCKUX (aKTOPOB 3/1eCh
MOTYT SIBUTHCSI 3TUOJOTHYCCKUMH MTPUUYUHAMH TPO-
BOIIMPOBAHMS OHKO-3TTHIEMHOJIOTYECKUX MTPOIIECCOB
W pa3BUTHS OIyXOJIEBOH Ooe3nu [3, 6].

Leabio ucciaenoBanus sSBUIACH OLIEHKA TEPPH-
TOPHATTLHBIX 0COOCHHOCTEH OCHOBHBIX TTOKa3aTeNeH
3a00J71€Ba€MOCTH U CMEPTHOCTH OT 37I0KaU€CTBEHHBIX
HOBOOOpa3oBaHUi HaceneHUs: JlaabHEBOCTOYHOTO
(henepanbHOTO OKpyTa B iepuon 2013-2022 rr.

MarepuaJj 1 MeTObI

W3yuanace nuHammuKka rokaszareneil 3aboneBae-
MOCTH U CMEPTHOCTH OOJIBHBIX C OHKOJIOTHYECKOM
matojorueit (2013-2022) B cooTBeTcTBHN ¢ MExkIy-
HApOJHOM CTaTHCTUUECKON KiaccuduKanuein 0omes-
Hell necsitoro nepecMotpa. Vcrnonb30Banuch JaHHbIE
o(umanbHOR OTYETHOCTH OHKOCTYXOBI (.35 11 ¢.7,
oobeauueHHbIe ¢ 2016 T. B eyt (.7 — «CBenenns o
37I0Ka4€CTBEHHBIX HOBOOOPA30BaHUSIX) ), U [TOKA3ATEIH
CMEPTHOCTH, IO JIAHHBIM TEPPUTOPUATILHBIX OPTaHOB
DdenepanbHO CITy)ObI TOCYTapCTBEHHON CTATUCTHKH
3a 2013-2022 rr. Onpeaensics noka3aTeslb OTHOLIE-
HUSI CMEPTHOCTH U 3a00JI€BaeMOCTH (MHAECKC JOCTO-
BepHOCcTH yuera — /1Y), BennunHa KOTOPOTO Jaet
BO3MOXKHOCTB MOJTY4eHUs 00Jiee TOYHOHM HH(OPMALTUT
0 COCTOSTHUH MEQUIIMHCKOI moMoI 60iabpHEIM ¢ 3HO
[7]. B xagecTBe 00BEKTA JI51 COMTOCTABICHISI JAHHBIX

UCTIONIb30BAIINCH ITyOIIMKYEMbIE B OTKPBITOM JIOCTYTIC
ounmanbuele cpaBounbie Marepruansl MHUOU um.
I1.A. Tepuiena, nadopmanus denepanbHON CIyKOBI
TOCYIapCTBEHHON CTAaTHCTUKHU [8], HHTEpIIpeTHpye-
MBI€ aBTOPOM, C yU4ETOM COOCTBEHHBIX MPEIOKEHHH
M0 COBEPILIEHCTBOBAHUIO OHKOJIOIMYECKOW MTOMOIIH
HACEJICHUIO Ha TEPPUTOPHIX OTAEIBHO B3ATBHIX pe-
ruoHoB PO [9]. Bce momydeHHbIe pe3yabTaThl ObLTH
00paboTaHbl C MOMOIIBI0 CTAHIAPTHBIX MPOTPAMM
onkosoruuecko cratuctuku [ 10] B cucreme EXCEL
u STATISTICA-10 ¢ ucnosb30BaHUEM KPUTEpHUS
MaHnHa—YUTHH.

PesyabTarsl

3a nocneanue 30 JeT IpoU301IEI CyIIeCTBEHHBIN
pocTt uuciia OOJMBHBIX CO 3JI0KAaYECTBEHHBIMH HOBO-
oOpazoBanusMu Ha Tepputopun PO («rpyOnIiiy
nokasarenb Ha 100 Teic. Hacenenus: 1993 r. — myxuu-
HbI — 2973, sxeHuuabl — 178,4; 2022 1. — My>KUUHBI —
379,2, wennmabl —420,6). CTaH1apTH30BaHHBIHA (MU-
poBoii cTaHmapr) nokasarens B 2022 . — 248,59/
(Myxumnbl —274,9°/  xenmmnb—240,0°/ ). VBe-
JINYEHHE KOJIMUECTBA 3a00JIEBIINX, BOBMOXKHO, 00BSIC-
HSIETCS 3aMETHBIM TIOCTAPCHNUEM HACEIICHUS, OOJIBIITHM
NPUTOKOM MUTPaHTOB M3 ObIBIIUX pecnyonuk CCCP
Y TTOCTOSTHHO MEHSIOIIIMICS, HE B JTyUIIYI0 CTOPOHY,
BO3/ICHCTBUSAMHU BHEIIHUX (DaKTOPOB HA OPTAHU3M C
IIPUCYILHUMH TOJIBKO JuIs [{ansHero Bocroka kimMaru-

Ta6nuua 1/Table 1

3aboneBaeMocTb U cMepTHoCcTb OT 3HO (cTaHaapTM30BaHHbIe Noka3aTenu) Ha 100 Tbic. HaceneHus APO
(C00-96)
Standardized cancer incidence and mortality rates in FEFD (C00-96)

3aboneBaemocth/Incidence CwmeprHocTs/Mortality
Tomel/ JI®O/EFD Poccus/Russia JI®O/EFD Poccus/Russia
Years  Bcero/  Myx/ Ken/ Bcero/  Myx/ Ken/ Bcero/  Myx/ Ken/ Bcero/  Myx/ Ken/
Total Men  Women  Total Men  Women  Total Men  Women  Total Men  Women

2013 243,1 2833 2259 2292 2713 2106 1298 1847 973 16,8 1675 86,9
2014 2543 302,9 232,9 2352 2717,6 216,9 123,9 179,3 91,5 114,6 164,2 85,4
2015 2577 304,9 237,4 241,4 284,0 223,0 128,6 187,7 93,9 114,8 164,0 85,7
2016 2556 309,9 238,0 242,6 283,1 225,6 121,8 180.,9 92,1 112,8 162,1 83,5
2017 2633 309,9 243,6 246,6 286,7 229.5 121,9 174,7 90,7 108,9 155,6 81,1
2018 2647  307,0 2844 2468 2865 2302 1243 1773 93,0 108,6 1553 80,6
2019 2692 309,7 2542 249,5 288.,8 234,5 124,8 176,9 92,9 106,8 152,4 78,5
2020 2309 267,4 217,7 216,6 249,1 203,4 120,1 169,9 91,6 104,6 148,7 78,3
2021 2457 279.8 2353 2249 2555 213,6 114,5 162,5 86,4 99,8 141,3 74,7
2022 2485 275,0 240,0 236.,5 264,2 226,3 111,3 155,8 83,8 97,3 135,3 73,8

M+m 2533+ 294,98 + 240,94 + 236,93 + 274,68 + 221,36+ 122,1+ 174,97+ 91,32+ 108,5+ 154,64+ 80,85+

3,64 5,26 5,73 3,37 4,46 3,13 1,81 3,11 1,2 2,06 3,32 1,44
S 11,52 16,65 18,12 10,66 14,12 9,89 5,73 9,82 3,79 6,53 10,51 4,15
95% 245,06+ 283,07+ 227,97+ 229,38 + 264,58 + 214,28 ~ 118,0~ 167,94+ 88,61+ 108,83+~ 147,12+ 73,58+
A/ 261,54 306,89 253,91 24455 284,78 228,44 126,2 182,0 94,03 113,17 162,16 84,12
CI

IMpumedanns: S — cpegHEKBaIPaTHIHOE OTKJIOHEHHE (CHIMa); yPOBEHb CTATHCTUYCCKOM 3HAYMMOCTH Pa3INIHil 3200/1eBaeMOCTH X CMEPTHOCTH B
JADO u Poccun no kpurepuro Manua—YuTtau: 3aboneBaeMocts: Beero — p<0,01, myx — p<0,01, xen — p<0,01; cmeptHOCTB: Beero — p<0,001, My»x —

p<0,001, sxen — p<0,001; Tabnuiia cocTaBIeHa aBTOPOM.

Notes: S — the standard deviation (sigma); EFD — Far Eastern Federal District; the level of statistical significance of differences in incidence and mor-
tality in the Far Eastern Federal District and Russia according to the Mann—Whitney test: morbidity: total — p<0.01, male — p<0.01, women. — p<0.01;
mortality: total — p<0.001, men — p<0.001, female — p<0,001; created by the author.
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Ta6nuua 2/Table 2

OvHamuka 3aboneBaemocTtn 3HO (cTaHaapTU3OBaHHbIE Noka3aTenu) Ha 100 TbiC. HaceneHusl B permoHax
O®PO (C00-96)
Changes in standardized incidence rates per 100,000 population in the regions of the Far Eastern Federal

District (C00-96)

=6 5
_ _ _ _ 2 2 = ¥s EZ E
=z 35 2 =% B E. %F . Ef & _¢&
- o=t S = Q g 8 = = .2 = (Zh = C n = e Q
2 2B “E = .9 2 g S &n QS ‘Bn = B < < &E == < 3 @)
S =& =2 €9 =& 33 %% 3d 53 S8 i 5@ B
= E% 24 =% Ez $s 3= 3& % g% 5% £5 &
2 8 > = = o 5 o= = 4 = o =
S S 68 22 § = ] Z 'S S s == E .= S % 5 2 S
° s S &3 g & S g % 5 = 2 X g = $ 8 g ° 2 5 S
5 g S 2 §:< = g =S 5 =N >0 g2 = 2 m <
é".i =] Q = 5 E ) > ":% = S % gz [8d] =
= Res 2 57§ &% £< EE %
© 2 5]
[V =
2013 224,46 268,95 230,76  256,2 284,87 303 221,37 333,24 211,85 201,09 270,56 243,13
2014 248,88 269,85 24991 277,22 280,12 284,96 239,00 319,34 212,29 207,39 258,81 254,28
2015 251,39 251,99  259,7 298,33 269,96 313,71 243,65 239,02 236 228,34 273,62 257,66
2016 248,31 263,53 243,07 270,61 320,12 326,79 261,43 285,88 237,91 205,42 285,94 255,56
2017 2448 295,15 267,66 283,13 284,79 307,4 272,67 332 247,17 213,35 254,82 263,34
2018 254,64 286,39 268,36 279,24 287,93 318,64 279,88 239 247,15 212,12 250,96 264,66
2019 274,98 287,34 273,34 277,81 284,11 333,53 241,61 166,56 260,41 220,04 283,89 269,15
2020 221,25 253,36 238,82 217,19 232,58 296,19 23237 195,71 2333 171,28  238,9 230,99
2021 236,28  268,9 264,91 264,53 223,17 313,75 227,99 187,04 245,774 193,775 254,94 24594
2022 218,15 26924 290,63 272,44 251,87 302,88 24724 182,77 259,56 200,59 26122 248,54
242,31 271,47 258,772 269,67 271,95 310,09 246,72 248,06 239,14 205,34 263,37 253,33
M=m + + + + + + + + + + + +
5,55 4,50 5,72 6,82 9,10 4,55 6,04 20,64 5,33 4,94 4,73 3,63
p 0,147 0,019 0,490 0,019 0,084 0,001 0,301 0,581 0,084 0,001 0,190 1,00
95 9% 229,77 261,28 245778 25424 251,36 299,80 233,06 201,36 227,09 194,17 252,68 245,12
o - - - - - - -
Jw/ct 254,86 281,66 271,66 285,10 292,55 320,37 260,39 294,75 251,19 216,51 274,06 261,53

Ipumeuanus: S — cpeHEKBAIPATUYHOE OTKJIOHEHHE (CUTMa); YPOBHM CTAaTUCTUYECKOW 3HAUMMOCTH paziuuui (p) 3abonesaemoctu 3HO B 1DO u
€ro PerroHax ONPEACISIINCH IO KPUTEpHIo MaHHa—YHTHY; TabInIa COCTaBICHA aBTOPOM.

Notes: S — the standard deviation (sigma); EFD — Far Eastern Federal District; the he levels of statistical significance of differences in the incidence of
MN (p) in the FEFD and its regions were determined by the Mann—Whitney test; created by the author.

YECKUMHU 0COOCHHOCTIMU — METEO-TeO(PU3NICCKUMHU
CTpeccaMu Ha (JOHE TIOCTOSIHHBIX U3MEHEHHI T€0XH-
muuaeckoit cpensl [11-13]. YpoBens 3aboseBaeMOCTH
MY>KCKOTO HACEJIeHHs COOTBETCTBOBAJ YETBEPTOMY
MEeCTy cpeau BOChbMHU (eepaibHbiXx OKpyro Poc-
cutickoit denepanuu, a y KCHIIUH — IMICCTOMY. 3a
HICCIIETyEeMBIH IIePHOJT BpEMEHH KOJIMYECTBO OOJIbHBIX
yBenuuuinoch Ha 43,9 %, Torna kak no Poccun ux
YHCJIO cTano Oonblie Ha 16,6 %. YnenbHBIN Bec 3a-
OoneBmx xeHIMH (55,2 %) ObLT BBILIE, YEM MYXK-
ynH (44,8 %). Ha cenbckux )uteneil mpuxoauioch
25,4% (2013 1.-20,9 %). MakcuManbHOE KOJTUIECTBO
3a00JICBITUX PETHCTPHPOBATIOCH B Bo3pacTe 50—69
net. CpenHye 3Ha4eHus IoKa3aresis 3a00/1eBaéMOCTH B
HccieyeMoM nepuoze coctaBuiau 253,31 + 3,64 °/ vo0?
PO — 236,93 + 3,37 °/ .V Myx4uH 372 BeJMUN-
Ha paBHSJIACH 294 06 + 5 ,05°/ ., PO — 274,68 +
+ 4,46 °/ ., ay KEHIUUH — 240 96 + 5,73 0/0000,
PO - 221, 36 + 3,13 %/ (1abn. 1). IIpupoct/yObLib
KOJTMYEeCTBa 60J‘IBHI>IX xapaKTepnsoBaHCH YBEIINYCHU-
€M CTaHJIapPTU30BAHHBIX MTOKA3aTeIIeH Cpen KEHCKOTO
nacenenus @O —240,0°/ (2013 . —2259°/ ),

8

B TO BpeMsl KaK y MYXUYMH HaOIogancs mpsiMo
IPOTUBOMONOKHBIA nponece — 275,0 ¢/ (2013 1. —
283,3 /). Cnenyer OTMETUTh HEPABHOMEPHOCTD
CpPEeTHECTAaTHCTUIECKUX TI0Ka3aresei 3aboieBaeMo-
ctu cpenu pernonoB JIDO, Hanbonpime 3HAYCHUS
KOTOPBIX OBUIM OTMEYEHBI B AMYypCKOW o0iacTu —
258,729 £5,72°/ (p=0,490) u Kamuarckom kpae —
269,67 £ 6,82 °/ , (p=0,019), nanmenpmne — B
qYKOTCKOM AO 748 ,06 + 20,64 °/ (p=0,581) u
B PecnyOnuke Caxa (}IKyTHﬂ) — 205, 34+ 4 94/
(p=0,001) (Tabm. 2).

Benymumu mokanu3anusMu B perHOHE B 00MmIei
CTPYKTYpe OHKOJOTHYECKOW 3a00JeBaeMOCTH B
2022 r. (oba mona) cTamu paKk MOJOYHOH KeJIe3bl —
11,3 %, P®—12,3 % (2013 1. — 11,4 %), pax xoxu (6e3
MenaHoMbl) — 11,6 %; PO —12,7 % (2013 1.— 11,3 %),
pak Tpaxen, OpoHX0B U Jerkoro — 11,5 %, PO —9,2 %
(2013r.— 12,7 %). Y My>k4rH Ha IPOTSHKEHUH MHOTHX
net ocHoBHbIMU 3HO ocTaBanucek omyxonu Tpaxew,
OponxoB u nerkoro — 18,9 %, PO — 15,5 % (2013 . —
21,4 %), mpencrarenbHOl xeme3sl — 13,2 %, PO —
17,0 % (2013 . — 8,8 %), xoxu — 9,1 % , PO —
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10,5 % (2013 . — 9,2 %) ¥ 000AOYHON KUIITKH —
6,1 %, PO —6,9 % (2013 1. — 4,9 %). Y >KCHIIUH JIH-
TUPYIOIINE TIO3UITAH 3aHUMAJTH paK MOJIOTHOM JKeTie-
361 — 20,5 %, PO — 22,4 % (2013 1. — 21,0 %), pak
koxku — 13,7 %, PO — 14,6 % (2013 . — 13,1 %), pak
metikn Matku — 7,1 %, PO — 5,3 % (2013 1. — 6,3 %)
u pak obomounolt kumku — 6,4 %, PO — 7,2 %
(2013 1. — 6,3 %). B cTpykType 3aboieBaeMoCTH
3JI0KQYECTBEHHBIMI HOBOOOPa30BaHUSMHU OTMEUCHBI
3HAUUTEINbHBIE pa3iuuusi MU(POBBIX MOKa3aTesen
Cpeny OTIEITHHBIX HO30JOTHUYECKUX TPOSBICHUN

CUBUPCKIM OHKONOTMYECKNW XXYPHAT. 2024; 23(4): 5-18
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. s ="\ Colon 6 %
Mouesoi i)
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e 199% B r. MpumeyaHue: amarpammMa
Slnba M KpGBE] Monounasn BbINOMHEHA aBTOPOM
Ismphandbisad " ”‘e"eaall g Fig. 1. Cancer incidence in males of the
= am"la;yg an Far Eastern Federal District in
° 2022. Note: created by the author
060p04Han
Mpouue,
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3% P 4%
/\‘u-u N
Nouka/Kidney [ 2 Noaxenyaounan
4% P, »enesa/Pancreas
(L Ll
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Lleitka M_aTK"/ e Puc. 2. CtpykTypa 3abonesaemocTu
Cervix G Koa, kpome 3roKkavecTBEHHbIMIU HOBOOGPa3oBaHws-
r% menaHombl/Skin, MW KEeHCKOro HaceneHust [lansHeBo-
except melanoma 14 CTOYHOrO heaepanbHOro okpyra B
% 2022 r. NpumeyaHue: guarpamma
MonouHas BbIMOMHEHA aBTOPOM
wenesa/ Jumba u kposs/ Fig. 2. Cancer incidence in females of
Mammary gland Lymph and blood the Far Eastern Federal District in
20% 5% 2022. Note: created by the author

0oJe3HN y MY>KCKOTO U >keHckoro Hacenenus JDO.
Tak, ynenpHblil Bec 3HO opraHoB JbpIXaHHA y MYXK-
4YuH B 2,9 pa3a npeBblllajl TAKOBOHU y KCHILMH, a
BOBJICYEHHE B 3JI0KAUE€CTBEHHBIN MPOIECC OPTaHOB
MUILEBAPUTEIBHOTO TPAKTa y MYKYHH ObLITO OOJIbIIIe
B 1,1 pasa (puc. 1, 2).

Kputepun ynydiieHus kadecTBa XHU3HHU U €€ TIpo-
THO3 Y OHKOJIOTMUECKUX OOJBHBIX OIpEeAeIsIuCh
OTHOIICHUEM ITOKa3aTesiell CMEPTHOCTH U 3a00JieBac-
MOCTH — UHJIeKCOM TocToBepHOCTH yueta (U/Y), uto
JIaJI0 BOBMOYKHOCTB OLIEHUTh MHOTHE COCTABIIAIONINE
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Puc. 3. AuHamuka NOY 60nbHbIX
3r10Ka4ecTBEeHHbIMIN HOBOOGpa30-
BaHusMuM (C00-96) B [anbHeBo-
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2013

2015 2017 2019 2021

CTOYHOM (hefepanbHOM OKpyre.
MprmevaHwve: gnarpamma BbInor-
HeHa aBTOpOM
Fig. 3. Dynamics of Metering
reliability index of cancer patients
(C00-96) in the Far Eastern Fed-
eral District. Note: created by the
author
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Puc. 4. PaHroBoe pacnpegenexue
MY 60nbHbIX 3r10Ka4eCTBEHHbIMA
HoBoo6pasoBaHusmu (C00-96) B
[anbHeBoCTO4YHOM heaepanbHOM
okpyre
B 2022 r. NpumeyaHue: gnarpam-
Ma BbIMOMHEHa aBTOPOM
Fig. 4. Rank distribution of Meter-
ing reliability index of cancer pa-
tients (C00-96) in the Far Eastern
Federal District in 2022. Note:
created by the author

0,4 0,5

OONBIIOTO KONWYECTBA PA3IMYHBIX MEPONPUATHH,
HaurHas C MEePBUYHOTO MEIUIIMHCKOTO 3BeHA W 3a-
KaH4YMBask BEAYIIMMH KJIMHUKaMH BMECTE C Hay4dHO-
HCCIIE/IOBATENIbCKUMHU YUPEXKIEHUSIMU CTpaHsbl [14].
[locrosiHHOE CTpeMIieHHE OPTaHOB MPAKTUYECKOTO
3/IpaBOOXPaHEHHs] TOBECTH DTO COOTHOIIEHHE [0
MHUHHUMAaJIEHOTO 3HaueHus (0) XxapakTepusyeTr paboTy
BCEX YpOBHEW OKa3aHMs MEIUIUHCKON MOMOIIN OH-
KOJIOTHYEeCKUM O0bHBIM (puc. 3, 4). HanMeHbmne
s3Haderus MJIY B 2022 1. y OONBHBIX CO 3JI0Kade-
CTBEHHBIMH HOBOOOPA30BaHUSIMU PETUCTPUPOBAJIHCH
B Kamuarckom kpae — 0,36 u Caxanunckoii obiaactu —
0,39 (1O - 0,45, PO —0,41).

B 2022 r. B JlampHEBOCTOIHOM (heepaibHOM OKPY-
re ObuT0 3apeructpupoBano 202 pedeHKa (MATHEINKU —
113, neBouku — 89) B Bo3zpacte ot 0 10 17 net (cran-
JIapTH30BaHHbIN MoKasarenb — 11,68 /) ¢ BiiepBbIe
B )KM3HHU YCTAHOBJICHHBIM JHArHO30M 3JI0KaueCTBEH-
HOTO HOBOOOpa3zoBaHUsl. UMCIIO OHKONATOJIOTHH Y
neteii B Bozpacte ot 0 1o 14 neT cpenu 3a00eBIIAX
y MQJIBMMKOB cocTaBmiIo 92 (55,9 %), y neBouek — 75
(44,9 %) cmyuaes. Homa 3HO cpenu 3aboneBimux Je-
Teit B Bo3pacTe ot 0 1o 17 neTy mMansaukoB — 55,9 %,
y neBouek — 44,1 %. B cTpykType 3a001eBaeMOCTH
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MHOTHE TOJBI JTUANPYIOT TeMobmacto3sl (10 40 %),
OIyXOJIM TIOYCK, HEPBHOU CHCTEMBI, MATKHUX TKa-
Hel, KocTel M cycTaBHBIX Xpsmei. B 2022 r.
Ha Tepputopun APO ot 3HO ymepno 50 mereit (27
MaJIBYUKOB U 23 1eBoukw), B Bozpacte oT 0 o 17 et
(cTanmapTU30BaHHbBIN TOKazaresb — 2,85 ¢/ ), uTo
MOCTABUJIO OKPYT IO 9TOMY BUJIY CTaTUCTUUECKOU
OTUYETHOCTH Ha NPEIOCIETHEE MECTO CPEAU BOCEMHU
pernoHoB Poccuiickoit @enepanun.

OcHOBHBIE ITOKa3aTeJM OHKOJOTMYECKOM MaTo-
morun B3pocioro Hacenenus PO mpencraBieHbI
B TaOlI. 3. AKTUBHOE BLISBICHHE 3JI0KAYECTBEHHBIX
HOBOOOPa30BaHU U MAIIMEHTOB ¢ (HOHOBBIMH U ITPE/I-
PAKOBBIMH COCTOSIHUSIMH SIBIISICTCS OTHON W3 BaX-
HEHWINMX COCTABISIONINX TIEPBUYHON NPOQHIAKTUKA
CpEe/IN HACEJICHUsI BCEX TEPPUTOPHAIIBHBIX 00pa30Ba-
Huit Jlansuero Bocroka. B 2022 1. cpennue 3naueHus
CTaTUCTUYECKOIO ITOKA3aTesl AKTUBHOI'O BBISIBJICHUS
o6ompHBIX ¢ 3HO cocraBumu 22,39 + 1,8 %, PO —
23,3 + 1,09 % (2013 1. — 9,67 £ 0,55 %, PD —
12,89 + 0,78 %).

B paccmarpuaemsiii nepuon noss s ¢ [-11 cra-
JIASIMA 3JIOKQYE€CTBEHHOTO TIpoIiecca cpean OOIbHBIX
C BIIEPBHIC B )KU3HU YCTAHOBJICHHBIM JHATHO30M YBE-

SIBERIAN JOURNAL OF ONCOLOGY. 2024; 23(4): 5-18



SAMUMOEMMNONOINMYECKUE UCCITIEOOBAHUA

Ta6bnuua 3/Table3

[dnHamMuKa coCTOSIHUA OCHOBHbIX NOKa3aTeriel OHKonorn4eckom nomoium Hacenenuto PO (C00-96)
Changes in the main parameters of cancer care in the Far Eastern Federal District (C00-96)

Cranuu 3aboneBanus, %o/

- Stage of tumors, % £g
S g _ -
E § QES X 8 < E [5) 3
= 9 1S} 3 S = 5 E Q S =
g 2% E 3 =® Zi g BE =8 4
2 ) X = o O o S a o=
S & = 5 4% Bg 2§ EX E5 z,. 2% $a
< S o | — o 2. 28 o2 Fwn = SHEo) =
2 < S S ik = 2 ) - EE 8 0 o = £E28 gg 2
5 E 22 8 s 8 & 2¢& 88 -8 £S5 235 HF 88 @&F
= g S8 & 2 » ¢ §5 =E & 8% FE ¢35 gg 88
s % s & & & § A3 g® =35 =g F8 5Z E& oE
= O 2 = = = = o o = » o = n g 5 & e s S = <
o ] =" = = = I~ > < o c o = D 5 9 = O T 0O
= I3 5 v = IS4 ¢ ] =5 = 0 o g g = 2 = g
o g & 5] 5] = £8 =8 %2 BB 28 ER 25 B
= Q = e = = < E < < 5 == = B S &y 7 o= = 2
Q QE) -g 3) o Q S =z S & S = 5 O T £ S 3 8 5
s g8 = E & > < &gA - S22 &% EE ¢
es AL 2 mT S8 TP OES 52 &
2 o 28 © =9 ¢= o
= = T = O
<) = > o0
5 =
2013 22104 243,13 475 21,1 247 68 140 842 16794 481 53 12057 129.80 27,1
2014 23338 25428 488 20,8 23,8 6,6 13,2 86,0 17974 50,8 5.4 11689 123,99 26,1
2015 23951 257,66 51,1 19,2 23,5 6,2 19,8 86,3 1901,1 51,2 5,6 12264 128,64 24,9
2016 24061 25556 513 18,8 244 5,5 20,2 87,1 2000,8 523 5,9 12179 125,14 249
2017 25155 263,34 53,6 18,6 23,0 4.8 29,0 88,1 2080,6 52,4 5,9 12073 121,91 24,5
2018 33111 264,66 54,0 19,4 21,5 5,1 28,7 89,6 2166,8 53,0 6,2 16167 124,31 23,7
2019 34152 269,15 55,7 18,2 21,4 4,7 28,4 91,0 22995 542 6.4 16513 124,75 23,5
2020 29289 230,99 53,8 19,1 22,0 5,1 243 91,6 2360,1 55,0 7,7 16054 120,11 22,7
2021 31399 245,71 55,1 18,3 21,4 5,2 23,1 92,7 2378,1 56,0 7,3 15377 114,49 229
2022 31822 248,54 57,0 17,8 20,8 4.4 23,2 94,1 24203 57,2 7,3 14930 111,27 21,6
2783821 253,30 52,79 19,13 22,65 544 2239 89,07 21084 53,02 63 13930,8 122,44 24,19
M=+m + + + + + + + + + + + + + +
144542 363 0,96 034 044 026 1,8 1,02 8229 085 027 642,06 1,84 052
S 4570,82 11.49 3,05 1,08 1,40 0,82 5,68 3,24 260,21 2,69 0,86 2030,37 5,82 1,65
A, % +43,96 +2,22 +20,00 -15,54 15,79 -35,30 +65,71 +11,75 +44,13 +18,91 +37,73 +23,82 -14,28 -20,30

IMpumedanus: S — cpegHEKBaIPaTHIHOE OTKIOHEHHE (cUrMa); A, % — IpUpPOCT/yObLIb MOKa3aTeNneil; TabIIa cCocTaBIeHa aBTOPOM.

Notes: S — the standard deviation (sigma); A, % — rates of increase/decrease; created by the author.

nuamnack ¢ 47,5 % (2013 1) mo 57,0 %. Januslii pocTt
MIPOU3OILIET 32 CUCT YMEHBIICHHS YUCIIa TAIIUCHTOB C
tperberi — 17,8 % (2013 . — 21,1 %); PO — 16,8 % u
yetBepToit — 20,8 % (2013 . — 24,7 %); P® — 19,8 %
craausiMu OOJIe3HH, a TAKXKE 3a CUeT OOJIbHBIX C
HEYCTaHOBJIEHHOW CTaJUEN OITyXO0JIEBOI'O ITPoLecca —
4,4 % (2013 1. — 6,8 %); PO — 4,1 %.

Uucno onkomorudeckux 6ompHBIX Ha 100 000
HAaCENICHUS, HAXONAIINXCS Ha YUETE B CIICIIHATIA3UPO-
BaHHbIX KinHUKaX ]P0, B koH1e 2022 I. cOCTaBUIIO
2420 yesoBeKk oTHOCUTENBHO 1679 uenosek B 2013 1.
AOGCOITIOTHOE KOJTMYECTBO MAITCHTOB 32 HCCIICTyEeMBIH
riepuoy yBennumioch B 1,9 paza (PO — B 1,3). Oto
CBIFPAJIO OIPEJICIICHHYO POJIb B MOBBIIICHUH ITH(]-
POBBIX 3HAYEHU I MHJIEKCA HAKOTIJICHHUSI KOHTUHTEHTOB
(MHK) — cooTHOIIIEHHS COCTOSAIIHX Ha yUeTe Ha KOHeTl
OTUYETHOTO TO/a K YUCITY B3SITHIX HAa yUET B OTYCTHOM
rony — 1o 7,3 (2013 1. — 5,3) ¢ HaubosIee BHICOKUMHU
3HayeHussiMu B Kamuarckom — 8,6 (2013 . — 6,6) u
3abaiikanbckom — 8,5 (2013 . — 7,1) kpasix. Huzkue
ypoBau MHK peructpupoBainch B pecrmyOimmkax

CUBUPCKIM OHKONOTMYECKNW XXYPHAT. 2024; 23(4): 5-18

Caxa (Sxytus) — 5,9 (2013 — 5.1) u bypstus — 6,1
(2013 . - 5,0).

OcHoBHasl 3a7ja4ya MEJIUIIMHCKONW TTOMOII OHKO-
JIOTUYECKUM OOJIbHBIM 3aKIIOYaeTCs B YBEITHMYECHUHU
MIPOJOJKUTEIBHOCTH UX JKU3HM TPU YIOBIETBOPH-
TEJILHOM €€ KauyecTBE, UTO OIpeelsieTcs MoKas3a-
TeJSIMH aKTUBHOTO BBIsIBIEHHS paHHUX dopm 3HO
TIe9eOHO-TIPOPMITAKTHICCKUMHI YIPEIKICHUSIMH TIep-
BUYHOTO 3B€Ha 3/1paBooxpaneHus. B 2022 . yaenbHbIi
BEC MalMEHTOB, COCTOALIMX Ha ydeTe 5 u Ooree Jer,
paBusuics 57,2 % (2013 . — 48,1 %); PO — 58,2 %.
B abcomoTHBIX mEQpax KOTUISCTBO OOJBHBIX ITOU
KaTeropuu oT4yeTHocTH 3a 10 et yBeandmiocs B 2,2
pasa.

Mopdonoruueckoe mOATBEPKACHNE KIMHUYECKO-
TO JUarHo3a OHKOJIOTHYECKOMY OOJHHOMY JIEKHT B
OCHOBE TaKTHKH U CTPATETHH BEIOOPA METOIOB Jieue-
HUS1, KOTOPBIE 3aBUCSAT OT A€TAIBHOM XapaKTepUCTUKH
00pa3yIoIMX OMyXO0JIb KIIETOYHBIX CTPYKTYP C YUETOM
MyTalui OTIEIbHBIX reHoB. B 2022 r. sTomMy BuAy
uccienoBanus nmoaseprayTo 94,1 % (PO — 95,8 %)
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Ta6nuua 4 /Table 4

OuHamuka cmepTHOoCcTU oT 3HO (cTaHaapTU3MpoBaHHbIe nokasaTtenu) Ha 100 Thic. HaceneHUs B permoHax
OPO (C00-96)
Changes in standardized cancer mortality rates per 100,000 population in the regions of the FFD (C00-96)
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2013 132,14 126,76 129,57 133,88 156,18 14429 126,77 149,81 131,72 113,04 14824 1298
2014 126,69 121,68 120,31 127,83 136,72 135,71 126,21 163,42 127,33 111,6 140,31 123,99
2015 133,07 126,62 132,33 124,07 146,12 142,56 133,19 112,11 123,79 110,54 132,23 128,64
2016 131,41 114,6 127,4 115,44 134,12 141,53 131,35 145,11 126,81 113,3 147,66 125,14
2017 128,23 115,0 124,03 111,12 136,64 137,52 12894 120,53 12821 109,74 126,16 12191
2018 128,41 113,71 123,03 102,93 123,79 13891 135,35 148,88 130,68 110,54 1433 124,31
2019 133,08 117,51 136,14 109,85 122,94 143,58 119,49 11538 125,65 107,05 13324 124,75
2020 125,01 116,56 135,12 95,66 120,75 131,09 12548 90,15 124,12 97,2 111,42 120,11
2021 119,45 115,33 129,98 95,3 121,42 126,88 115 100,94 112,74 91,21 109,78 114,49
2022 115,73 108,29 123,34 99,13 113,52 118,97 118,64 93,04 109,54 90,63 109,49 111,27
Mo 127:32% 117,61 128132 11152% 131,22+ 136,10+ 12604+ 12394+ 124,06+ 10549+ 130,18+ 12244+
1,86 1,84 1,71 4,33 4,16 2,60 2,09 8,27 2,31 2,83 4,87 1,84
p 0,084 0,168 0,112 0,084 0,301 0,006 0,190 0,783 0,408 0,001 0,190 1,00
95% 123,12+ 113,44+ 12425+ 101,74+ 121,81+ 130,23+ 121,30+ 105,24+ 118,84+ 99,09+ 119,17+ 118,28 +
au/cr 131,52 121,78 132,00 121,31 140,63 141,98 130,78 142,63 129,28 111,88 141,19 126,60

IIpumeuanus: S — cpeIHEKBAIPATUYHOE OTKIOHEHHUE (CUTMa); YPOBHH CTATUCTUYECKONW 3HAYMMOCTH pa3iuyuii (p) no yposHio cmepraoctu or 3HO B
JI®DO u ero pernoHax Onpeaessiiuch 1o Kpureputo ManHa—YuTHU; TabJIMLa COCTABICHA ABTOPOM.

Notes: S — the standard deviation (sigma); EFD — Far Eastern Federal District; levels of statistical significance of differences in cancer mortality rates
(p) in the Far Eastern Federal District and its regions were determined by the Mann—Whitney test; created by the author.

ob6crenoBaHHbBIX. KOTHYecTBO BEepHPHUITHIPOBAHHBIX
JIMAarHO30B MOYTH B 1,6 pa3a mpeBhICHIIO TOKa3aTelb
2013 . MakcumanbHass ”HTEHCUBHOCTb MOP(]OIIOTH-
YeCKUX UCCIIE0BaHUH perucTpupoanach B CaxanrH-
ckoit obnactu (98,1 %), Kamuarckom kpae (97,8 %)
n Pecrrybmuke Caxa (97,0 %), a MuHMManbHas — B
Xabaposckom (91,5 %) u Ilpumopckom (91,1 %)
Kpasix.

B Poccuiickoii @enepaunu 3J10Ka4e€CTBEHHbIE
HOBOOOpa30BaHUs M0 MPUYMHAM CMEPTHOCTH B TIO-
CJIEZIHUH TOJT MCCIIEyeMOTO MePHO/ia 3aKPEHIINCH Ha
BropoM mecte (14,8 %) moce 3a0oneBaHull OPraHoOB
KpoBooOpatenus (43,8 %). TpeTbe MeCTO 3aHUMAIOT
BHemmaue npuaunsl (7,7 %) [Poccrar, 2022]. Cran-
JTapTU30BaHHBIE TIOKa3aTenu (MUPOBOM CTaHIAPT)
cmeptHOocTH oT 3HO Ha Teppuropusix [lansueBocTou-
HOTO (pe/lepallbHOTO OKPYra CBHJIETEILCTBYIOT O €€
cumxennn B 2022 1. o 111,27 °/0000’ PO 97,287/
(Tabn. 4), Torna Kak B aOCONIOTHBIX YHCIAX KOJIH-
yecTBO ymepmnx ¢ 2013 r. yBenuumioch Ha 2871
genoseka (1501 — myxuwmnsbl, 1370 — KeHIINUHBI).
[IpencraBnenHple MaTepuaitbl MO0 abCOMIOTHOMY
yucny ymepinx ot 3HO B pernone 3a gecsth JeT He
BBIIISIIAT OOHAJCKUBAIOIIUMH Ha (POHE MTOCTOSHHO
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CHIDKAIOIIETOCS YHCIa MPOKUBAIOIINX HA TEPPUTO-
YU, paBHOM MMOYTH TIOJIOBUHE 1utonaau PO, a murpa-
IIMOHHBIN IPUPOCT HACEIICHUSI, HE ITPUCTIOCOOIEHHOTO
K CJIIOKHBIM KJIUMATHYECKUM yclioBUsM JlanbHero
Bocroka, BO3MOXXHO, TOJITBKO YCYTYOUT CIIOKUBIITYIOCS
cutyanuio [15—17]. B cTpykType o01ieit cMepTHOCTH
HACEJICHHsI OT 3JI0KaYeCTBEHHBIX HOBOOOPa30BaHUN
B JlanbHEeBOCTOUHOM (eaepanbHoM okpyre B 2022 T
HAUOOIBIIHNH yIeThHBIN BEC UMEIN OMYXOJIN TPaXeH,
oponxos u nerkoro — 20,0 % (PD — 16,8 %), sxemyaka —
8,9 % (PD — 8,8 %), momxenynounoi xenes3b — 7,0 %
(PD-17,2 %), o6onounoi kutiku — 7,0 % (PD — 8,4 %),
MOJIOYHOH xene3sl — 6,6 % (PO — 7.4 %).
[Tokazarean OCHOBHBIX MPUUYMH CMEPTHOCTH
MyKckoro HaceneHus or 3HO pacnpenenunucek
CIIEYIOIIUM 00pa3oM: MOYTH TPETh yMepia OT paka
Tpaxeu, OpoHxoB u jerkoro — 28,1 % (P® — 25,1 %),
OTMYXOJIM JKeJyAKa SBUJIUCH MPUUYNHOW CMEPTH
10,1 % myxuun (P® — 9.8 %), nanee cimemona-
1 HOBOOOpa3zoBaHUs mpeacTatenbHoil — 7,2 %
(P® — 8,9 %) u nomxenynouHoit xene3 — 6,3 %
(PD — 6,6 %), obogouHoi Kumku — 5,5 % (PO —
7,0 %) u npsmoit kumku — 4,5 % (PO — 5,5 %). B
CTPYKTYypE OHKOJIOTHUECKOH CMEPTHOCTH JKEHCKOTO
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Ta6bnuua 5/Table 5
JletanbHocTb (%) Ha NnepBOM rogy ¢ MOMeHTa ycTaHoBneHus anarHosa 3HO B pernoHax Poccum (C00-96)

Death rate (%) in the first year from cancer diagnosis in the Russian regions (C00-96)
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2013 24,0 25,4 23,1 26,1 . 26,5 243 27,6 27.1 25,3
2014 23,2 25,2 23,4 24,5 23,2 25,9 24,0 27,1 26,1 24,8
2015 22,3 23,1 22,0 23,2 21,6 25,2 233 25,1 249 23,6
2016 21,7 22,2 21,1 23,3 26,5 249 24,3 25,2 24,9 23,2
2017 20,8 22,7 20,2 22,5 24,1 24,0 23,6 24,1 24,5 22,5
2018 21,0 22,7 20,4 20,7 21,6 23,1 23,1 242 23,7 222
2019 19,7 21,3 20,3 21,1 22,2 22,7 23,4 24,1 23,5 21,7
2020 18,9 20,9 18,7 19,9 18,9 21,4 22,2 22,7 22,7 20,6
2021 17,8 21,1 28,9 19,6 20,5 21,4 22,1 22,6 22,9 20,3
2022 17,1 19,8 17,9 18,7 16,4 19,7 19,8 212 21,6 19,1
M+m 206+07 224+06 21,6+0,9 21,9+07 21,7+09 235+0,7 23.0+04 244+06 242+05 223+06

S 2,27 1,81 3,10 2,36 2,93 2,21 1,36 1,98 1,65 1,98
A, % -28,84 -22.15 -22,52 -28,36 -29,32 -25,77 -18,52 -23,19 -20,30 -24,51

P 0,006 0,062 0,084 0,045 - 0,558 0,168 0,836 1,0 0,073

Ipumeyanust: S — cpeiHEeKBaIPaTHYHOE OTKIIOHEHUE (curMa); A, % — npupocT/yObLIb OKasareneil; Tablikia COCTaBIeHa aBTOPOM.

Notes: FD — Federal District; EFD — Far Eastern Federal District; S — the standard deviation (sigma); A, % — rates of increase/decrease; created by the
author.

Ta6bnuua 6/Table 6
OTHolueHune nokasaTenen ogHOroANYHON NeTanbLHOCTM OTYETHOIO roAa u 3anyLweHHOCTU NpeablayLEero
oT4yeTHoro roga B pernoHax fjd0O (C00-96)

Ratio of one-year mortality rate of the reporting year to the advanced stage of the previous reporting year
in the regions of the EFD (C00-96)
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Ea Xg < Y, IS o & = 2
2013 1,03 1,13 0,86 0,84 1,08 1,04 1,06 0,69 0,86 0,94 0,75 1,04 1,19
2014 0,96 0,91 1,03 0,94 1,07 1,26 1,34 0,97 1,67 1,16 1,57 1,06 1,17

2015 0,99 098 1,07 L,11 1,08 09 1,15 100 074 137 1,07 1,05 1,14
2016 1,02 093 128 1,10 1,03 120 099 077 1,51 136 1,13 1,06 1,14
2017 091 092 125 097 L1l 1,02 1,00 095 1,62 1,02 125 1,00 1,10
2018 1,04 096 1,03 081 094 1,04 107 1,09 1,59 1,16 08 1,03 1,00
2009 0,92 1,08 1,08 098 1,08 1,02 094 08 145 120 1,15 1,00 098
2020 0,97 1,13 1,04 09 08 098 095 1,56 1,40 L1l 092 106 1,05
2021 1,05 09 1,02 091 08 09 1,14 142 130 108 088 1,04 097
2022 1,07 099 1,03 1,06 085 076 1,03 1,05 120 094 099 1,0 0093
1,0+ 1,0 1,00+ 097+ 1,0+ 1,02+ 1,07+ 1,04+ 139+ 1,14+ 105+ 1,05+ 1,07
002 0,03 004 003 004 004 004 009 009 005 008 00l 0,03
S 006 008 012 010 0,13 014 012 027 030 0,15 024 002 0,09
A% 43,88 +12,39 +19,76 426,19 21,30 26,07 2,84 +52,17 +39,57 +1,06 +32,00 2,89 21,85
P 0,129 0,168 0,168 0,136 0,809 0334 0,836 0448 0038 0,112 1,0 1,0 0,605

Ipumeuanus: S — CpeJHEKBAIPATHYHOE OTKIOHEHNE (cHrMa); A, % — npupocT/yObLIb Mokasareleii; Tab/iMia cocTaBlIeHa aBTOPOM.

M=+m

Notes: EFD — Far Eastern Federal District; S — the standard deviation (sigma); A, % — rates of increase/decrease; created by the author.
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HaceJICHHs JIMIUPYIOLIee MOJOKEHHE 3aHUMAN Pak
MoJtouHOH xene3sl — 14,3 % (PD — 15,8 %). Janee
B TIOPSIIKE YOBIBAaHWS CICAOBAH OIYXOJW TPaxew,
oponxoB u jaerkoro — 10,1 % (P® — 7,3 %), 06omou-
Hoit kumiku — 8,8 % (PD — 10,1 %), momKeny104Hoii
xenesbl — 7,8 % (P® — 8,0 %) u xenynaka — 7.4 %
(PD —7,7). CMEepTHOCTD OT 37I0KaYECTBEHHBIX HOBO-
00pa3oBaHMN JKEHCKON PEenpoayKTHUBHOM CUCTEMBI
(eiika matku — 6,3 % (PD — 4,7 %), Teno maTku —
4,6 % (PO — 5,3 %), suuauxu — 4,9 % (PO — 5,6 %))
cocrasmna 15,8 % (PD — 15,6 %) ot obmiero uncia
YMEPIIHX, B TO BPEMs KaK OT OIyXOJIeH JPYTHX JKEH-
CKHUX MOJOBBIX opranoB — 1,3 % (PD — 0,6 %). Ana-
JIU3UPYS IOKA3aTeIH JISTATBHOCTH Ha TIEPBOM TOJY C
MOMEHTA YCTAaHOBJICHMs UarHosa 3a nocieanue 10
JIET, HEOOXOIMMO OTMETHUTD UX TIOCTOSTHHOE CHIDKEHHE
BO Bcex okpyrax Poccuiickoit @enepanuu. B JIOO
B 2022 1. KOJIMYECTBO YMEPIIUX B TEUEHHE MEPBOTO
rojla ¢ MOMEHTa TIOCTAaHOBKH JINarHO3a HaXOAMIOCH
B IIpeJIeIax caMbIX BRICOKUX 3HaueHwmi (24,2 + 0,5 %;
P® — 22,3 + 0,6 %) cpeau Bcex perHOHOB CTPAHBI
(tabm. 5).

Hebnarononyunast curyanus B JJ®O 3aperu-
CTPUpPOBaHa W TMPH OLIEHKE OTHOIIEHHS MOoKa3arenen
OJTHOTOZIMYHOM JIETAIbHOCTH OTYETHOTO Trojia M 3a-
nymeHHoctd (IV ¢T.) mpenpiyIero oT4eTHOTo roja,
Ha npoTshkeHuH 10 J1eT 9T 3Ha4YeHUs HU B OJHOM
KaJIeHIapHOM TOAY He OIMYyCKaINCh HUKE SAMHUIIBI —
1,01 (2021 & — 1,04; 2020 . — 1,06), B P® — 0,93
(2021 . - 0,97; 2020 . — 1,05). MakcumanbHbIE CO-
otHomreHus B 2022 r. HaOmronanuck B PecryOnuke
Bypsarusa—1,20 (2021 1. - 1,30; 2020 1. — 1,40) u [Ipu-
MopckoM kpae — 1,07 (2021 1. — 1,05; 2020 . — 0,97)
(tabmn. 6). Crieyet OTMETHTD, 4YTO TEPPUTOPUH C COOT-
Homenuem, paBabiM 0,80 U BbIllIe, CEAYET OTHOCUTD
K pernoHaM 0CO0OT0 BHUMAHHS.

Obcy:xnenue

Esxero/iHbIi HEYKIIOHHBIN POCT a0COIFOTHOTO YrCiIa
OOJIBHBIX C BIIEPBBIC B KM3HU YCTAHOBJICHHBIM JTHa-
rao3zoM 3HO o0ycioBieH kpaiiHe HU3KUM YPOBHEM
YHPaBIsiEMOCTH 3a00J1€Ba€MOCTBIO, MPEXKIE BCETO
M3-32 HEBO3MOKHOCTH B TIOAABIISIONIEM OOJIBITHH-
CTBE CIIy4aeB CBA3aThb €€ C KOHKPETHOW MPUUYMHOM, a,
CJICZIOBATEIIFHO, U YCTPaHUTh. MeIUKO-colranbHas
COCTABIISIIOIIAST OHKOJIOTHUECKOH cuTyauuu B Jlaib-
HEBOCTOUHOM (pefiepaIbHOM OKPYI'€ XapaKTepU3yeTcs
psaoM (HakTopoB, HEONATONPUATHO BIMSIOIINX HA
PE3yABTaTh MEAUIIMHCKOTO OOCITYKUBaHUS HACCTICHUS
[18]. Bo-nepBbIX, 3TO 3HAYUTENbHAS [LUIOILAAb TEPPUTO-
pun (6 952 555 km?) ¥ HU3Kas TUIOTHOCTH €€ 3aCeIeHHs
(1,17 yenoBeka Ha 1 KM?); BO-BTOPBIX, OT/AAJIEHHOCTb
OT BEIyLIMX OHKOJIOTHYECKUX LIEHTPOB OoJiee OfHON
tpetu (35,3 %) xuTenei, IpeuMyIIEeCTBEHHO CEIbCKOH
MECTHOCTH, YTO CHUXKAET JIOCTYITHOCTh METUIIMHCKOM
TTOMOIIIM M OKa3bIBAeT OTPHUIIATENILHOE BIMSHUE HA €€
KayeCTBO; B-TPEThHX, HEJOCTATOYHAS 00ECIIEYEHHOCTD
MIEPBUYHOTO 3BEHA MPAKTUUECKOTO 3APaBOOXPAHCHHUS
CIELMAINCTAMH, [TOATOTOBIEHHBIMU [0 OHKOJIOTHH.

14

B BocTouHbIX pernonax Poccun 3aboneBaeMocTb
3HO B uccinegyemMoM MepHOAE XapaKTEepU30Balach
MOCTOSTHHBIMY H3MEHEHUSIMH B YK CIIe 3200JIEBAOIITNX,
NpUYEM, COTJIACHO CTaH/IaPTH30BaHHBIM MTOKA3aTEIISIM,
y My»KYMH OHa CHUXKAJIaCh, 2 y )KCHIIWH TIOBHIINIANACH,
YTO HE MPOTHBOPEUHIIO 001IIel cutyanuu B PO (puc. 5).
C 2013 1. konmmuectBo 3a0o0neBmux 3HO yBenmumiiocs
Ha 43,9 % (P® — 16,6 %), 9T0 MOXHO OOBSICHUTH
MOCTOAHHON MOJIEpPHU3AIMEN JUAarHOCTUYECKOTO U
7e4e0HOro mpolecca 3a CUeT BHEIPEHUs] COBPEeMEH-
HBIX TEXHOJIOTHHA, a TAK)KE TIOCTAapEeHUEM HaceJIeHNS U,
BO3MOYKHO, TTPOTPECCUPYIONINM YCHUIICHHEM BIIUSTHHUS
(haxTOpOB BHEIIHEH Cpebl Ha OPraHUu3M 310POBOTO
4eJI0BeKa.

B nepron 2020-2022 rr. Ha Tepputopuu PO, kak
Y BO BCE CTpaHe, M3MEHUIIUCH YCIOBUS sl pabOThI
CITYy>KOBI IPOPIIAKTHKH ¥ TIUCTIAHCEPU3AIIUN OHKOJIO-
TUYECKHX OOJBHBIX B CBSI3U C IMTUPOKUM PacTIpOCTpa-
HeHueM kopoHaBupycHoi mHpeknun (COVID-19),
YTO TIPUBENIO K CHIKCHHUIO MOKa3aTeliel OHKOJIOTH-
yeckoil 3aboneBaemoctr (B 2018 1. — 264,66 °/
B 2022 1. — 248,54°/ ) u cmeprHOCcTH (B 2018 I —
80,58 °/ ., B 2022 1. —73,78°/ ). [lonoOnas nu-
HaMHKa CHIJKCHHS DTHUX 3HAUCHUU B ITO BpeMs
HaOJIF01a71ach U C OCHOBHBIMU IMOKa3aTeIsIMH, Xa-
PaKTepU3YIOIUMHU Ka9eCTBO MEIUIIMHCKON TTOMOIITH
6ompabIM 3HO (Tabm. 3). [1pu ananmse craHmapTu3o-
BaHHBIX MOKa3areneii 3adonesaemoct Ha 100 000 Ha-
cesieHus B OTaenbHBIX Tepputopuiax DO nomyueHo
cnenytouiee pacnpeaenenue: Yykorckuit AO — 182,77,
Pecmyommka Caxa (Sxytus) — 200,59, 3abaifkarbCKuiz
Kpaii— 247,24, Ilpumopckuii kpait — 248,54, Maranan-
ckasi oomactb — 251,87, Pecriyonuka Bypsituas — 259,56,
Empetickas AO — 261,22, Xabaposckuii — 269,24 u
Kamuarckuit — 272,44 kpasi, Amypckas — 290,63 u
Caxammnckas — 302,88 o6macru.

B 2022 r. 3apeructpupoBaH pocT nokasaresiei 3a-
00JIeBaEMOCTH HAcCEJICHHUs BOCTOUHBIX pErHOHOB PD
U TI0 OTJENbHBIM HO30JIOTHSAM: PaK MpeAcTaTeIbHOM
xenespl — 35,27 °/ (2013 . — 26,0 °/__ ), medkn
MaTku — 21 56°/ (2013 r.— 16,6 °/ ) MOUYEBOT0
my3sIpsi — 6,37 0/ (2013 r.—6,2 °/ ) *ILUTOBHAHOI
Kenesbl — 5 51°/ ,(2013 . — 4, 8 °/ +0)» MenaHoma
Koxu — 3,97 "/ (2013 r-3,69 ). B’510 ke BpeMsi
HaYMHast ¢ OCIEAHNX AecATIIeTHH XX Beka npouc-
XOJIMJIO TIOCJIEIOBATEIFHOE CHIKEHUE IMOKa3aTelneit
3200JIeBAEMOCTH Y TaKHX, MPEXKJE «TPO3IHBIX» IO
YPOBHIO CMEPTHOCTH JIOKAJH3allui, KaK paK Tpaxew,
Oponxos, jerkoro — 27,76 °/ (2013 . — 28,9 °/ )
¥ pak xenmynka — 13,68 °/ (2013 r.—16,5 °/00 ). U3
rojia B TOI BEAYITUMHU ocTaroTCs OIHU H TE Ke 3HO:
pak koxu — 11,6 % (2013 . — 11,3 %), pak Tpaxeu,
oponxoB u nerkoro — 11,5 % (2013 . — 12,7), pak
MoJogHO# xenesbl — 11,3 % (2013 & — 11,4 %), pak
obomounoit xumku — 6,3 % (2013 . — 5,7 %). Ha
pyOexe BTOporo u TpeThero jecsatuwietuit X XI Beka
«000pOTHD» HAOUPAIOT OMYXOJIM TOJCTOH KHIIKH C
JTUIAPYIOUINM MTOpaXKeHneM 000109HoH kumku. [lo-
JMoOHas cUTyanus HaOIrogaIach P CONIOCTABICHUH
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roKaszaresieil 3a001eBaeMOCTH KaK y MY’KCKOTO, TaK
n y skeHckoro Hacenenus JJPO. Heooxomumo orme-
TUTHb U BO3pacT 3a00JIEBAIOIINX 3JI0KaYeCTBEHHBIMH
HOBOOOpa30BaHUSAMH, KOTOPBIH CTAaHOBUTCS Bce 0O-
JIee «MOJIOZIBIM», YTO MOXKET 3HAYUTENIBHO YXYALIUTh
PENpPOIYKTUBHOE 30POBhE JaJIbHEBOCTOYHUKOB,
MOBBICUTH UX WHBAIWIU3ALUIO U CHU3UTh UX IPOU3-
BOJICTBEHHbBIE BO3MOXKHOCTH [19].

VYBenuueHne HapOJOHACEIEHUSI U CTapEHUE IPOo-
JKUBAIOIIUX B MUPE JIFOJEH MOTYT CTarb NPUYUMHOU
JaTbHEHIIero POCTa OHKOJIOTHUECKOH 3a00sieBacMo-
CTH ¥ CMEPTHOCTH (cortacHo nporuosy BO3, k2022 1.
cBaIme 15 mutH 1 10 10 MITH 9eJT0BEK COOTBETCTBEHHO).
[TomoOHas cratucTuka TpeOyeT OT 3paBOOXPaHEHUS
P® npussaTUs MEp 110 paHHEMY U CBOEBPEMEHHOMY
BBISIBIICHUIO 37I0Ka4€CTBEHHBIX HOBOOOPA30BaHMH, UTO
B TOCJEIyroIeM 00ecreunT aJeKBaTHOe Imajsiiee,
OpraHOCOXpAHSIOIIee JeUeHNEe, BRICOKOE KaueCTBO
1 TPOJOJIKUTENBHOCTh KM3HU OHKOJIOTHYECKOMY
6onbHOMYy. B Poccuu B mocneanue rozasl Habmonaercst
MOBBIILIEHHOE BHUMAHUE PYKOBOACTBA IPAKTUYECKUM
3PaBOOXPAHEHNEM K «HECKOJIBKO 3a0BITHIMY METOIAM
MEPBUYHON MPOPHUIAKTHKH, AIOIIAM BO3MOKHOCTD
He ToibKO BhIABIATE 3HO Ha paHHUX cTagusx, HO U
MIPOBOJIUTH UCTIAHCEPHOE HAOIIOICHHE 32 OOJTHHBIMHU
¢ (DOHOBBIMH U TIPEPAKOBBIMHU COCTOSHUSIMH, TO €CTh
B OosbIieM 00beMe (POPMUPOBATH TPYIIITBEI OHKOJIOTH-
yeckoro pucka [20].

Huskuii ypoBeHb aKTHBHO BBISIBIISIEMBIX OOJIBHBIX —
23,2 %, PD®—-24,5% (2013 . — 14,0 %) — He mo3BosIMII
3HaguMO yBeanmanuth oo 3HO I-11 craawmii, uro, B
CBOIO OU€PE/b, CYIIECTBEHHO HE CHU3UIIO KOJTMYECTBO
3amyeHHbIX ciaydyaeB — 20,8 %, PO —19,8 % (2013 . —
24,7 %), xorna KaKJbIH ITSITHIH OHKOJIOTHYECKUM
0O0IBHOI HE TO/TIeKal pauKaIbHOMY JIEISHHIO, YTO
SIBIISTIOCH OJJHOM M3 OCHOBHBIX MPUYHMH CMEPTHOCTH
Ha MEPBOM T'0Jly ¢ MOMEHTA ITOCTAaHOBKH JIMAarHo3a —
21,6 %, PO —-19,1 % (2013 . — 27,1 %). K aTOMy crie-
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nyet no6asuthb u 3HO Il cragun, xapakrepu3syroniye
3aITyIIEHHOCTH OITyXOJEBOTO MIPOIecca JIIsl BU3yallb-
HBIX JIOKQJIN3AIINi HOBOOOpa3zoBaHuii. Ha mpoTsokeHnn
BCEr0 PacCMOTPEHHOTO TMEPHO/ia BHICOKOW OCTaeTcs
JIeTaJbHOCTh B TEUEHHE MEPBOTO Tojia y OOIBHBIX pa-
KOM Tpaxen, OpOHXOB | JIETKOTO, JKETy/IKa, TUIIEBO/IA,
000/T09YHOH KHIIKY. 3HAYNTEIbHA OHA ¥ TIPH 3JI0KaJe-
CTBEHHBIX OITYXOJISIX C OTHOCUTEIIBHO OJIaroNnpUsTHEIM
nporHo3oM (3HO mMomouHO# jkese3bl, MeHKH MaTKH,
NPSIMON KUILKHU H Ap.), YTO CBUAETEIBCTBYET O O3/~
Hel quarHocTuke. B 2022 1. HauMeHbIIMe 0Ka3aTeNnu
OIHOTOIMYHOM JIETAJILHOCTH OTMEYEHBI B 3a0aliKallb-
ckoMm kpae (18,1 %) u Caxanunckoii oomactu (19,2 %),
HauOosbIKe — B AMypckoii oonactu (28,4 %) u Uy-
korckoM AO (27,1 %).

CpenHune 3Ha4eHUsT CTAaTHCTUYECKOTO TIOKa3aTels
cmepraoct ot 3HO cocraumm 122,44 + 1,84 °/
(2020T.—126,04£1,45° ). Y MyX4HH 5TOT NOKa3a-
Tenb—174,99+3,10°/ (2020T.—181,76+2,51°/ ) —
CYIIECTBEHHO IPEBBIMIAT TAKOBOW y JKCHIIUH —
91,34 £ 1,20/, (2020 . — 93,71 £ 0,80 °/ ) —Ha
MIPOTSKEHUH BCETo MepHo/ia NccieoBanus (puc. 6).
MakcumanbHble THPPB CYMMapHOW OHKOJIOTHYE-
CKOW CMEpPTHOCTH (CTaHAapTH30BaHHBIC MTOKA3ATEIH
Ha 100 000 maceneHUs) MO3BOJIMIIA PACTIPEICTUTD
MecTa MeXAy OTHenbHbIMU Tepputopusmu PO B
caenyrouiem nopsake: Pecmyonuka Caxa (90,83),
Uykorckuit AO (93,04), Kamuarckuii (99,13), Xa-
baposckwmii (108,29) xpas, Espeiickas AO (109,49),
Pecmy6mnmka bypsitust (112,74), Maraganckast 061acThb
(113,52), lpumopckutii kpaii (115,73), 3adatikanbckuii
kpait (118,64), Caxanuackas (118,97) u Amypckas
(123,24) obnacTwu.

[MocrostHHBIE YCHITUST MEIUIIMHCKUX yUpexkjie-
HUW oOuiero mpoduis Mo ynydlIeHHIO KauyecTBa
OHKOJIOTHUECKOHM MmomoIu HacejaeHuo JlanbHero
Bocroka nanu Bo3mMoxHOCTh ¢ 2013 . yBenIUUUTH
B 1,4 pa3a Komu4ecTBO OOJTBHBIX, COCTOSIIAX Ha

15



EPIDEMIOLOGICAL STUDIES

200
180
(=
2
S 160
S
&
S 140 |
=
6
S 120
q {}"
8 :’: (’1 <, <
& 100 1+ Y i I
3 ik o] e
= 80 e < 5
< 1:‘{ {’1 1"(
= > > »
T 1}‘ 'C,{ 1}‘
T 60 *,
) i NS Gt Puc. 6. CmepTHOCTb HaceneHus
§ 40 e < Be [anbHeBOCTOYHOrO dheaeparnsHOro
= e e it OKpyra OT 3MOKaYeCTBEHHbIX HOBOOG-
8 56 e ] o pasosaHuit (C00-96). CTaHAapTM30-
S T e < Be BaHHbIN noka3atenb. MpumMeyaHue:
& e Ky i Amarpamma BbINofHeHa aBTopoM
= 0 Fig. 6. Standardized cancer mortal-
2013-2014 2015-2016 2017-2018 2019-2020 2021-2022 ity rates in the population of the Far
EMyunHbl/men  [IKeHwmHbl/women B o6a nona/both sexes  [1P®/Russia Eastern Federal District (C00-96).
Note: created by the author

Y4€T€ B KOHIIC KaXXJI0TO rojia, Ha 4TO YKa3bIBaJu
HI/I(l)pOBI)Ie 3HA4YCHUA MHIACKCA HAKOIIJICHHWSA KOHTHH-
reaToB — 7,3 (2013 1. — 5,3). Mopdomnoruueckoe
noaTBepkAeHue auarnosza — 94,1 % (2013 r. —
84,2 %) — mpeacTaBIeHO MOKA3aTeNIsSIMHA, HE TIPEBBI-
IAIOUMHU cpenHepoccuiickue — 95,8 % (2013 . —
87,7 %). YnenbHbIH Bec OOJIBHBIX, COCTOSINMX Ha
yaete 5 u 6onee net, — 57,2 %, (2013 . — 48,1 %)
OKa3aJyics MeHbIIIE CPEAHET0 TIOKa3aTels Mo CTpaHe —
58,2 % (2013 . — 51,7 %). OG03HaYCHHOE KAaueCTBO
JeSITebHOCTH OHKOJIOTHMYECKOH CITyKOBI IO HHACKCY
JIOCTOBEPHOCTH y4eTa IoKa3ajo, YTO HU B OJTHOW W3
tepputopuit okpyra 1Y ne omyckaincs Hmke 0,36
(2013 1. — 0,45).

CpaBHeHHE MIAHUPYEMBIX MPOTHBOPAKOBBIX
MEPOIPHUATUH C OLEHKOH (haKTHYECKH IMOTyYESHHBIX
PE3yIABTATOB ONPEAEISIOCh OMHUM N3 O0bEKTHBHBIX
roKa3aresnei 1esTeTbHOCTH OHKOJIOTHYECKOH CITyKOBI
peruoHa — OTHOMICHHUEM OI[HOFOI[I/I‘IHOﬁ JIETAJIbHOCTHU
OTYETHOTO To/a K YHCIy 3amyIieHHbIX cirydaeB 3HO B
TIPEABITYIIEeM OTYETHOM TO/Ty. JlaHHBIN TTOKa3aTeIs Mo-
3BOJISIET BBISBIISITH OITHOKH B YYETE OHKOJIOTHYECKUAX
OOJTBHBIX, MPEYK/IE BCETO, TPH IEPBUYHOM HX 00parie-
HUY 32 MEJIUIIMHCKOM rmomoliikto. [1pu obmienpuHsTom
crannapre (1,0) cpenHecTaTHCTUYECKUI TTOKA3aTelb
B I®O cocrasun 1,05+ 0,01 (PO —1,07+0,03), gaTo
BBI3BIBACT CEPHE3HYI0 00ECITIOKOCHHOCTD 32 Hebaro-
MOJIYYHO Pa3BUBAKOINYIOCS CUTYAILUIO, KOTOpas HE
JaeT BO3MOKHOCTH UCKJTFOUUTH JAHHYIO ITaTOJIOTHIO
13 BOXHEHUIITUX TEPPUTOPUATHHBIX MTPOOIIEM.

3akiro4yeHue

JlesTeIbHOCTh OHKOJIOTHYECKON CIy:KObI Jlamb-
HEBOCTOYHOTO (heZepabHOTO OKPyTa M0 OCHOBHBIM
KPUTEPHUSAM CTATUCTHYCCKOW OTUETHOCTH HMEET
MO3UTUBHBIC TCHJICHIIUU B MPEOOJIaatoIeM YUCie
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napamMeTpoB, YTO MPOSBISETCS B OOJBIIMHCTBE al-
MHUHUCTpATUBHBIX Tepputopuil PO cHuxeHueM
CTaH/IapTU30BaHHBIX [TOKa3aresiei 3a001eBaeMOCTH Y
MY’KCKOT'O HAaCeJIEHUS M CHUKAIOIIEHCSI CMEPTHOCTHIO
y aun 000ero mosia, MOJIOKHUTEIbHONH JUHAMUKON
YpOBHE# 0011Ie# U TOMUYHOH JIETAITBHOCTH, YBeTH4e-
HHEM KOJIMUEeCTBa OOJIbHBIX, HAXOIAIINXCS Ha ydyeTe
5 u Oonee ner. OfHAKO UMeETCs HEOAHO3HAYHOCTD
CPEIHUX 3HAYE€HUH CTaTUCTHUYECKOTO MoKa3aTess 3a-
0oneBaeMOCTH, KOTOPBIH y MyxcKoro Hacenenust JJdO
B 2022 . cocrasmi 294,06 £ 5,05/ (82020 —
296,94 + 4,66° ), mpu Temnax mpupocra abco-
mroTHOTO ymcna 3aboneBmmx — 40,3 % (+33,9 % B
2020 r.). V xenckoit yactu Hacenenus DO tawke
HaOII0aIoCh MOBBILICHUE CPEAHUX 3HAUYCHHH —
240,96 £ 5,73 °/ (B 2020 . — 237,92 £ 6,26 °/___ ).
Temmnsl mpupocta abCOMIOTHOTO YUCIa OOJBHBIX
OBLITN aHAJIOTMYHBI MTOKa3aTesaM y MykauH — 47,1 %
(+31,3 % B 2020 r.). Cpennue ypoBHU CTaTHCTH-
YecKoro rmokaszareis 3aboneBaemoctu 3HO y muig
000€ero 1oja B MUCCIEAYEMOM TMEPHOJE COCTABUIH
253,31 + 3,63 °/ (MUHUMaIbHO-MAKCHMAJIbHBIE
KosieOaHust TM(POBBIX 3HAYSHUH Y My>K4rH — 282,63~
305,49, y xenmmH — 227,98 — 253,93).

Cpennune 3Ha4eHUsI CTAaTHCTUYECKOTO TIOKa3aTes
cmeptHOCTH 0T 3HO y MyxuuH B 2022 1. cocTaBUIN
174,99 + 3,10/ (82020 . — 181,76 £ 2,51 /),
YTO 3HAUUTEIIHHO BBIIIE AHAJOTHYHOTIO TI0Ka3aTes B
JKEHCKOH momyssumn — 91,34 +1,20°/ (82020 T. -
93,71 £ 0,80 °/_, ). Cpennue 3HaueHus nokasarenei
cmeprHOcTH OT 3HO y nuiy o6oero mona coctaBuiu
122,44 + 1,84 °/  (MMHMMaJbHO-MaKCUMaJIbHBIN
paszopoc 118,28 — 126,60).

ITonoxuTenbHast AMHAMHUKA MOBBIIIAIOLIIUXCS
YPOBHEW aKTUBHOTO BBISBIEHHS 3JI0KAUE€CTBEHHBIX
HOBOOOpa3zoBanuii — 23,2 % (2013 . — 14,0 %) B pe-

SIBERIAN JOURNAL OF ONCOLOGY. 2024; 23(4): 5-18



SAMUMOEMMNONOINMYECKUE UCCITIEOOBAHUA

ruonax J{®O Bce elie He COOTBETCTBYET TPEOOBAHUAM
COBPEMEHHOH MEULINHBI, PE3YyJIbTaThl AESITEIbHOCTH
KOTOPOH OIIPEAEIISAIOTCS OCHOBOIIOJIAratOIUMU pa3Jie-
JIaM{ TIPOTUBOPAKOBBIX MEPOIIPUATHIA. DTO OTHOCHUTCH,
B TIEPBYIO ouepe/ib, K IPOPHUIAKTUIESCKIM 0CMOTPaM
HaceJIeHUsl, KOTOPbIC JOJKHBI HE TOJBKO BBISBIATH
OHKOJIOTMYECKYIO [IaTOJIOTHI0, HO U B 00s3aT€IbHOM
nopsiike (pOPMUPOBATH TPYIIIBI «OHKOJIOTHYECKOTO
pHCKay» 715l AUCTIaHCEPHOTO HaOIoeH s 38 OOJIbHbI-
MU ¢ ()OHOBBIMH U MPEIPAKOBBIMU 3a00JICBAHUSIMH,
YTO JacT BO3MOXKHOCTb OOHAPY>KUBATH 3/I0KaUCCTBEH-
HbIE HOBOOOPA30BaHMs HA PAHHUX ATArax U MO3BOJIHUT
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THE IMPACT OF CANCER DIAGNOSIS
ON EMPLOYMENT STATUS IN A WORKING POPULATION

A. Palizgir, N. Khodakarim, S. Mohammadi, F. Rezaei, M. Hosseininejad

Iran University of Medical Sciences
Tehran, Iran

Abstract

The aim of this study was to investigate the status of return to work and the influencing factors in patients with
common cancers referring to three medical centers during the years 2020 to 2022. Material and Methods.
In the present study (a retrospective cohort), all patients who visited three medical centers during the years
2020-2022 and were diagnosed with common cancers (non-Hodgkin’s lymphoma, Hodgkin’s lymphoma,
gastrointestinal cancers and sarcoma), were included in the study. Work ability index (WAI) was assessed
based on selected questions from the WAI questionnaire. Hospital Anxiety and Depression Scale (HADS)
was used to assess depression and anxiety, and Multidimensional Fatigue Inventory (MFI-20) was used to
assess the level of fatigue. Then, the data obtained from individuals who returned to work were compared
with those who did not return. Results. Out of 750 eligible patients, 135 individuals were enrolled in the study.
114 patients were male (84.4 %). The mean age of individuals was 50.2 + 10.4 years. The most of individuals
were diagnosed with gastric cancer (n=66, 48.9 %). After treatment, 36 (26.7 %) individuals returned to work,
with the majority (24 individuals: 66.6 %) reporting a decrease in physical ability to do work. Sixty-six (73.3 %)
patients did not return to work, with the most common reason being physical inability to work in 60 (66.6 %)
individuals. Higher quality of life score was reported in individuals who returned to work. Conclusion. The
rate of return to work was approximately 27 %. The return to work rate was highest among individuals with
non-Hodgkin’s lymphoma and lowest among individuals with oesophageal cancer and Hodgkin’s lymphoma.
The most influential factors affecting the return to work include disease recurrence and quality of life.

Key words: cancer, quality of life, return to work.

BIIMAHUE OUATHO3A PAK HA CTATYC 3AHATOCTHU
TPYOOCMNOCOBHOIO HACEJIEHUA

A. Palizgir, N. Khodakarim, S. Mohammadi, F. Rezaei, M. Hosseininejad

VMpaHckuii yHuBepcuTeT MEANLMHCKUX HayK
WpaH, r. TerepaH

AHHOTauuA

Llenb uccnepgoBaHUA — 13y4eHne ctaTyca BO3BpalleHusl K paboTe 1 BNMSAOLWMX Ha 3TO (hakTopoB y na-
LUMEHTOB C pacnpoCTpaHEeHHbIMU BUAAMU paka, 00paTUBLLUMXCS B TP MEAULMHCKUX LeHTpa B nepuog C
2020 no 2022 r. MaTepuan un MeToabl. PETPOCNEKTUBHOE UCCRELOBaHNE BKNOYANo NauneHToB, KOTopble
obpallanuck B 3 MeguumHckmx LeHTpa B 2020-2022 1. 1 y KOTOPbIX AMAarHOCTUPOBaHbI PasfnnyHble BUObI
3/10Ka4YECTBEHHbIX OMNyxornew (HeEXOMKKMHcKast numdoma, numdgoma XooKKMHA, pak OpraHoB Kemnyao4Ho-
KMLLIEeYHoro Tpakta u capkoma). OueHka TpygocnocobHoCTM npoBoaunack ¢ nomolubio aHkeTsl WAI (Work
Ability Index). NocnutanbHas wkana Tpesorn u aenpeccun (HADS) ncnonb3oBanach A5 OLEHKM YPOBHS
TpPeBOru 1 Aenpeccuu, a cyobekTMBHas Lwkana oueHkn acteHun (MFI-20) — ons oLeHKM ypoBHS yCcTanocTu.
3aTeM OTBETbI, MOMyYEHHbIE OT UL, BEPHYBLUUXCS K TPYAOBOW AEATENbHOCTU, CPAaBHMUBANMMUCH C AaHHbLIMU

#=7 Mahin Hosseininejad, hoseininejad.m@iums.ac.ir
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Tex, KTO He BepHyrncsa Ha paboty. Pesynbratbl. 13 750 naumMeHTOB, COOTBETCTBYHOLLMX KPUTEPUAM ANISA
BKITOUYEHUS B MccrneaoBaHue, obino BeiopaHo 135 yenosek. M3 HUx 114 (84,4 %) naumMeHTOB MY>KCKOro nona.
CpepnHui Bo3pacT coctaBun 50,2 + 10,4 roga. Y 60nbLUMHCTBA ANArHOCTUPOBAaH pak xxenyaka (n=66; 48,9 %).
Mocne 3aBeplieHns neveHuns 36 (26,7 %) nauneHToOB BEPHYNMCh K TPYAOBOW AeATENbHOCTU, NpuyemM 6onb-
LWUMHCTBO (N=24; 66,6 %) cooBLLMNN O CHXKEHWUN (DN3NYECKOIN CMOCOBHOCTM BbINOMHATL MPUBbIYHYIO paboTy.
He BepHynuch k pabote 66 (73,3 %) nayneHToB, Hanbonee YacTon NPUYNHON Bbina duanyeckas HeTpyno-
crnocobHocTb —y 60 (66,6 %) YyenoBek. Y nofen, BepHYBLUNXCA K TPYAOBOW OEATENBHOCTU, OTMEeYeH bonee
BbICOKMI NoKasaTernb kavyecTBa xusHu. 3aknto4veHue. [okasartens BO3BpaLleHns K paboTe cocTaBumr OKono
27 %. OH 6bIn camMblM BbICOKMM Y NMALMEHTOB C HEXOAXKKUHCKOW NMMMMOMON N CaMbIM HU3KUM — Y BOMbHbIX
pakoM nuiieBoda u nuMmdomon XomkknuHa. Hanbonee 3HauMmbiMy hakTopamu, BIIUAOLWUMUN HA TPYLOBYHO
peabunvtaumio, SBMSOTCA peumanB 3aboneBaHns 1 Ka4eCTBO XU3HW.

KnioueBble crnioBa: pak, Ka4eCTBO XW3HU, TPYAOBas peabunurauus.

Introduction

Occupational Illness and injuries can create em-
ployment difficulties for individuals to the extent that
they may not be able to return to their previous jobs.
The span of this problem partly relates to the extent of
the damage, the type of disease, and the individual's
occupation [1, 2]. With the development of societies,
new technologies, and equipment in medical science,
conditions can be created where individuals can return
to work after a period of treatment [3, 4].

Cancer is one of the primary diseases that disrupt
the normal lives of individuals, forcing many patients
to temporarily leave their jobs during treatment [3, 5].
In severe cases, they may be forced to permanently
quit their jobs [6]. Individuals who are unable to return
to their workplace impose a burden on their families
and society. Losing a job due to illness, regardless of
the financial costs, also carries negative psychologi-
cal consequences for patients, reducing not only their
hope for life and motivation but also causing anxiety
in their families [7, 8].

In recent years, the number of cancer survivors has
increased due to advances in diagnosis and treatment.
Returning to society after treatment is a crucial goal
for cancer patients following initial therapies, which
can help more patients return to work and resume their
normal lives [9]. Returning to work after cancer treat-
ment is a complex phenomenon influenced by factors
beyond the disease itself [6, 10]. Cancer survivors
who were employed at the time of diagnosis may face
economic pressure if they lose their jobs, especially
if alternative sources of income are not available or if
they lose access to job-related health insurance.

Some studies indicate that 26—53 % of cancer sur-
vivors lose or leave their jobs during or after treatment
[9]. The physical and mental burden of cancer and its
treatment, along with side effects such as fatigue, pain
and anxiety, can lead to disruptions in patients’ ability
to work. These patients need help to overcome personal
(physical and psychological) and occupational issues
to return to work [3]. Employment rates among cancer
survivors reported in various studies range from 41 %
to 84 % [1]. The results obtained in different studies are
not consistent due to the diversity of cancer types. In
recent years, several factors related to return to work
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after cancer treatment have been identified and more
evidence has emerged regarding the importance of
demographic, occupational and disease-related factors.
In our country, few studies have been conducted on the
rate of return to work of cancer patients and the factors
affecting it. Therefore, in this study, we examined the
return-to-work status of patients with common can-
cers and the factors related to their employment after
completing the treatment period.

The aim of this study was to investigate the status
of return to work and the influencing factors in patients
with common cancers referring to three medical cent-
ers during the years 2020 to 2022.

Material and Methods

This observational study was conducted as a ret-
rospective cohort. In this study, 750 individuals who
were admitted for the first time with a cancer diagnosis
in three medical centres of Iran University of Medical
Sciences during the years 2020-2022 and were among
common cancers (non-Hodgkin’s lymphoma, Hodg-
kin’s lymphoma, gastrointestinal cancers such as
oesophageal, gastric, colon, and various sarcomas),
were examined. 540 individuals (337 deceased, 79
non-responders to telephone calls, 64 homemakers, 31
unemployed, 16 wrong phone numbers, 10 with less
than six months since diagnosis, and 3 without a phone
number) were excluded from the study. 210 individuals
met the criteria, of which 135 individuals completed
the questionnaire (response rate 64.2 %).

The mean age of the participants at the time of
diagnosis and treatment completion was 50.2 = 10.4
and 53.0 = 10.8 years, respectively. There were 114
(84.4 %) male patients and 21 (15.7 %) female patients.
The majority of individuals (82.2 %) were married.
Most individuals were diagnosed with gastric cancer
(66 individuals: 48.9 %).

The files of these individuals were reviewed for
the required variables, including personal factors
such as age, gender, marital status, education level,
smoking status, and disease-related factors such as
date of diagnosis, cancer type, treatment type (surgery,
chemotherapy, radiotherapy), cancer stage, treatment
duration, time since completion of treatment, disease
recurrence, and pre-existing comorbidities that could
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affect return to work (including neurological, cardio-
vascular, respiratory, gastrointestinal, renal, hepato-
biliary, endocrine, musculoskeletal, genitourinary,
hematologic, dermatologic, and psychiatric disorders).
Results were recorded.

Additionally, a checklist containing variables re-
lated to work absence days or unemployment, the first
day of full-time work, job title at the time of hospitali-
zation and after returning to work, monthly income in
the previous and current jobs, spouse’s employment
status, insurance support, employer support, co-worker
support, job satisfaction, employment status, working
hours in the previous and current jobs, obstacles to
returning to work (including disease and treatment-
related symptoms such as fatigue, weight loss, anxiety
and stress, cognitive problems, pain, physical appear-
ance changes, or job termination), number of family
members, treatment side effects (leukopenia, nausea
and vomiting, anemia, tingling, numbness in hands and
feet, etc.), medications (anxiolytics, antidepressants),
receipt of rehabilitation and psychiatric counselling,
availability of sick leave in the current job, was pre-
pared. Then, these items were asked from the patients
via telephone contact using the phone number recorded
in the medical records.

The work ability index (WAI) was assessed based
on selected questions from the WAI questionnaire,
which has been shown in previous studies to be a suit-
able substitute for this questionnaire, including current
work ability (0 to 10) and work ability regarding the
physical and mental demands of the job (2 to 10) [11].
The Hospital Anxiety and Depression Scale (HADS)
was used to assess the depression and anxiety [12].
HADS contains 14 items, 7 items are related to anxi-
ety subscale and 7 items are related to depression. A
higher score indicates more severe emotional distress.
In this study, a score of 8 or higher in each subscale in-
dicates the presence of anxiety or depression [13]. The
Multidimensional Fatigue Inventory (MFI-20) ques-
tionnaire was used to assess the level of fatigue. The
MFI questionnaire includes 20 items and 5 subscales
of general, physical and mental fatigue, decreased
activity and decreased motivation. The total score for
each domain ranges from 4 to 20, and the total fatigue
score, which is determined by summing the scores of
the domains, can range from 20 to 100. A higher score
indicates more severe fatigue [ 14]. Quality of life was
assessed on a scale of 1 to 100 (1 being the lowest and
100 being the highest quality of life) [15].

Then, all demographic, occupational, and disease
related variables mentioned above were compared
between individuals who returned to work and those
who did not. The results for quantitative variables were
expressed as mean and standard deviation, and for
qualitative variables, frequency and percentage were
reported. Quantitative data were compared using the
t-test, and qualitative data were analyzed using the Chi-
square test. Non-normally distributed variables were
expressed as median with 25™ and 75" percentiles, and
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were compared between the two groups applying the
Mann-Whitney U test. Statistical analysis was per-
formed using SPSS software version 22, considering
a significance level of less than 0.05.

Participation in this study was voluntary. The
patients were not charged for entering the study.
Informed consent was obtained from all individual
participants included in the study. All patient data
remained confidential. This study was approved by
the Ethics Committee with the ethics code IR.IUMS.
FMD.REC.1400.137.

Results

Descriptive analysis of demographic and occupa-
tional variables is presented in Table 1. According to
the information in Table 2, 120 (89 %) of individu-
als experienced treatment side effects. 87 (64 %) of
individuals had at least one concomitant comorbidity.
27 (20 %) of participants experienced disease recur-
rence. Only 12 (8.9 %) individuals received psychiatric
counselling, with 50 % reporting depression and 50
% reporting stress. None of the study participants re-
ceived psychiatric medications. Other disease-related
information is shown in Table 2.

In Table 3, descriptive analysis of quantitative
variables including fatigue, anxiety, depression,
and work ability is provided. According to the MFI
questionnaire, the mean total fatigue score among the
study participants was 62.2 = 15.3, indicating high
levels of fatigue. Additionally, the mean anxiety and
depression scores were above 8, indicating emotional
distress among the study participants.

The job titles of the study participants before di-
agnosis and after completing treatment are given in
Table 4. The most job title before cancer diagnosis
was manual work, while none of the participants were
in this job after completing the treatment. Due to the
small sample size in each subgroup, it was not possible
to perform further analysis on the job title.

After completing the treatment, 36 (26.7 %) of
the patients returned to work. The majority of these
individuals (n=24, 66.6 %) reported a decrease in
physical ability to work. 12 (33.3 %) individuals
reported early fatigue, 3 (8.3 %) individuals reported
reduced opportunity for promotion, and 3 (8.3 %)
individuals reported a reduction in wages. Sixty-six
(73.3 %) patients did not return to work, with the most
common reason being physical inability to work in 60
individuals (66.6 %). The employment status of those
who returned to work and the reasons for not returning
to work are shown in Table 5.

About 58 % of individuals who returned to work
could not use sick leave. The average weekly working
hours among individuals who returned to work were
approximately 8 hours less than the average working
hours before diagnosis.

Regarding the type of cancer, the highest rate of
return to work was observed in individuals with non-
Hodgkin’s lymphoma (60 %), and the lowest rate
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Table 1/Tabnuua 1

Descriptive analysis of demographic and occupational variables
Ananus gemorpacuyeckux u npodeccmoHanbHbIX NoKa3aTenen

Variables/IToka3zarenu

Gender/ITon
Marital status/CemeiiHbIii cTaTyc

Smoking status/Kypenue

Education level/YpoBeHb o6pa3oBanus

Employment at the time of diagnosis/
3aHATOCTh HA MOMEHT ITOCTAHOBKH JIHAarHO3a

Income level in previous job/
VpoBeHb g0x01a Ha mpeapLIyIei pabore

Income level in current job/
VpoBeHb J10X0/1a HA HACTOSIIIEH paboTe

Spouse's employment status/
Craryc 3aHITOCTH Cylpyra

Sick leave feasibility in the current/

Single/He >xeHar, He 3aMy>KeM

Number of patients/
Yucino 00IbHBIX

114 (84.4 %)
21 (15.7 %)
111 (82.2 %)
24 (17.8 %)

Male/Mysxckoit
Female/XKenckuit
Married/JKenat, 3amyxem

Yes/[la 48 (35.6 %)

No/Her 87 (64.4 %)

Low/Hu3zkwuit 87 (62.2 %)

Moderate/Cpenruii 36 (26.7 %)

High/Beicokuii 15 (11.1 %)

Public servant/I'ocynapcTBEHHBIH CITyKaIiii 12 (8.9 %)
Employee/HaemHbli paboTHHK 27 (20 %)

Self employed/Camo3ansiTbrit 36 (26.7 %)

Daily worker/BpemeHHblii paboTHHK 60 (44.4 %)
Low/Huskwuit 81 (60 %)

Moderate/Cpenamii 45 (33.3 %)
High/Bricokuit 9 (6.7 %)

Low/Huskwuit 13 (36.2 %)

Moderate/Cpenuauit 11 (30.5 %)

High/Bricokuit 12 (33.3 %)

Yes/[la 21 (18.9 %)

No/Her 90 (81.1 %)

Yes/[la 15 (41.6 %)

No/Her 21 (58.3 %)

Bo3MOXHOCTB B3sITh OOJILHUYHBINA HAa HACTOsIICH paboTe
Note: created by the authors.

HpI/IMe‘{aHI/Ie: Ta6m/1ua COCTaBJIEHA aBTOpaMH.

was in individuals with Hodgkin’s lymphoma and
oesophageal cancer, none of whom returned to work.
The return-to-work rate in individuals with gastric,
colon, and sarcoma cancers was 31.8 %, 20 %, and
16.7 %, respectively.

The analysis of the association between returning
to work and qualitative variables showed a significant
association between return to work and disease recur-
rence (p-value=0.04). None of the individuals who
returned to work had disease recurrence. No significant
association was found between returning to work and
other qualitative variables (Table 6).

The analysis of the relationship between returning
to work and quantitative variables showed a significant
association between returning to work and quality of
life (p-value=0.01). The median (interquartile range)
of quality of life score was 45 (28.7-50) in individu-
als who returned to work and 20 (6.0-35) in those
who did not. Additionally, individuals who returned
to work had a younger age at the time of diagnosis
and treatment completion, longer work experience,
fewer weekly working hours, more employer support,
co-worker support, and job satisfaction compared to
those who did not return to work, but these differ-
ences were not statistically significant. No significant
association was found between returning to work and
other quantitative variables (Table 7).
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We further assessed the relationship between return
to work with quantitative and qualitative variables for
non-Hodgkin lymphoma and gastric cancer, which
had the highest return to work rate. We found that in
patients with non-Hodgkin lymphoma, a higher rate of
return to work was associated with being a non-smoker,
no recurrence of the disease, lower income, shorter
treatment duration and more time since treatment
completion, less insurance support and job satisfaction,
higher quality of life, more fatigue (with less restricted
activity) and more depression. In patients with gastric
cancer, a higher rate of returning to work was associ-
ated with the spouse's employment, no recurrence of
the disease, receiving rehabilitation, chemotherapy
treatment, younger age, fewer working hours per week,
more support from the employer, co-workers, and in-
surance, higher job satisfaction and quality of life, and
a lower depression score (Tables 8, 9).

Discussion

The aim of this study was to investigate the status
of return to work and the influencing factors in patients
with common cancers referring to three medical cent-
ers during the years 2020 to 2022. Our study results
showed that 26.7 % of individuals had returned to
work. These individuals reported a decrease in physi-
cal ability, early fatigue, reduced opportunity for pro-
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Table 2/Ta6bnuua 2

Descriptive analysis of the disease-related variables
AHanuns3 nokasarteneWn, cBsi3aHHbIX ¢ 3a6oneBaHnem

Variables/IToka3aTtenn

Hodgkin's lymphoma/Jlumpoma XomxknHa
Non-Hodgkin's lymphoma/Hexomkkunckas tumdpoma

Type of cancer/
Bun onyxonu

Treatment side effects/

Number of patients/
Yucno GombHBIX
18 (13.3 %)

15 (11.1 %)

Sarcoma/Capkoma 18 (13.3 %)

Stomach/Pak xemyaka 66 (48.9 %)
Esophagus/Pak nuieBona 3(2.2%)

Colon/Pak ToscTo# KUK 15 (11.1 %)

Yes/[la 120 (88.9 %)

No/Her 15 (11.1 %)

[To6ounsre 3¢ heKxThI TeyeHns

Decreased WBC/CHmxeHnHast pab0TOCIIOCOOHOCTH

51(37.8 %)

Nausea/TommHoTa 60 (44.4 %)

Types of treatment side effects/ Vomiting/PBoTa 39 (28.9 %)
Turel 1060uHBIX ) dHeKTOB NeucHus* Anemia/AnemMus 51 (37.8 %)
Tingling or numbness in extremities/IlapecTe3nn B KOHEYHOCTSIX 66 (48.9 %)

Other/[Ipyrue 36 (26.7 %)

Comorbidity/ Yes/[la 87 (64.4 %)
Komop6umHOCTh No/Her 48 (35.6 %)

Neurologic/HeBponorudeckas

18 (13.3 %)

Respiratory/PecniupatopHas 3(2.2%)
Cardiac/Kapauonoruueckast 18 (13.3 %)
Gastrointestinal/T'acTposHTeponornyeckas 33 (24.4 %)
Renal/TToueunas 6 (4.4 %)
o Hepatobiliary/I'emaroounmapnas 9 (6.7 %)
Type of comorbidities/ . o
ConyTeTsytomas naronorys ™ Endocrine/QunokpunHas § 9 (6.7 %)
Musculoskeletal/OnopHo-1BUraTeIbHBIN ammapar 15 (11.1 %)
Urogenital/YporenuranbHas 9 (6.7 %)
Hematologic/I'emaronoruueckas 6 (4.4 %)
Dermatologic//lepmaronormaeckas 9 (6.7 %)
Psychiatric/ITcuxuarpuyeckas 6 (4.4 %)
Other//Ipyrue 15 (11.1 %)
Recurrence/ Yes/[a 27 (20 %)
Penmis No/Het 108 (80 %)
Psychiatric counselling/ Yes/[la 12 (8.9 %)
ITcuxuarpuueckas moaaepKKa No/Her 123 (91.1 %)
0
Rehabilitation/Peabumurarius Ijl{(e)jl/i i | ;i 2319 1/?)2))

Curative/PagukanbHoe eueHue

Treatment plan/Buy neuennst

Surgery/Oneparust
Radiation/JIyuesas Teparms

Type of treatment/MeTo jeueHuUst

Chemotherapy/Xumuorepanst

Palliative/[lamnmnaruBHOE jIeueHne

129 (95.6 %)
6 (4.4 %)
48 (35.6 %)
21 (15.6 %)
66 (48.9 %)

Notes: * — a person may have reported more than one item; created by the authors.

Ipumeyanust: * —y 0HOT0 GOJIBHOrO MOIIO OBITH HECKOJIBKO IPH3HAKOB; TA0IHIA COCTABICHA aBTOPAMH.

motion, and reduced wages after returning to work,
respectively. 73.3 % of individuals did not return to
work, with the most common reason being physical
disability.

In our study, the factors influencing return to work
included disease recurrence and quality of life. A study
in Taiwan showed that age, gender, income level and
treatment method are important factors affecting the re-
turn to work of patients with early diagnosis of cancer

CUBUPCKIM OHKONOTNYECKW XXYPHAT. 2024; 23(4): 19-31

[16]. However, in our study, there was no significant
association between return to work and these factors.
The large sample size of the Taiwan study, collected
over 7 years, could explain the differences in results.

Fontani et al showed that a large percentage of em-
ployed breast cancer patients returned to work within
36 months of treatment. However, in our study, with an
average time since treatment of 22 months, only 26.7 %
of patients had returned to work [17]. The reason for
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Table 3/Tabnuua 3

Descriptive analysis of the quantitative variables
OnucaTtenbHbIM aHanM3 KONM4YeCTBEeHHbIX NepeMeHHbIX

Mean + SD/Median Mean + SD /Median
Variables/ (interquartile range)/ Variables/ (interquartile range)/
Cpennee + SD/ Cpennee + SD/
IIepemennbie [Tokazarenu

Age at the time of diagnosis/

Menuana (MeXKBap-
TUJIBHBIN pa3Max)

Menuana (MeXKBap-

TUJIBHBIN pa3Max)
Job satisfaction/

+ .
Bospact Ha Bpemsl OCTaHOBKU UarHosa 302104 VnosnerBopenue padoroii (1-10) 2.0(1.0-80)
Number of family members/ Quality of life/
KonniecTBo 4I€HOB CeMbH 2D (=) KagectBo sxuzuan (0—100) )
Duration of treatment (months)/ General fatigue/
| +
[IponomKUTeIbHOCTE JICUCHHUS (MeC) 12(6.0-24) O6mas ycranocts (20—100) 622+15.3
Time since treatment completion (months)/ 12 (8.0-24) Physical fatigue/ 135+39
Bpewmst ot 3aBepreHus jiedeHus (Mec) Omuyeckas ycranocts (4-20)
Smoking (pack/year)/ Restricted activity/
= +
Kypenue (ma4xa/rox) 17.5 (5.9-37.5) OrpanudeHHas akTHBHOCTD (4-20) 13.2£43
Rehabilitation period (months)/ 3.0 (1.5-32.2) Restricted motivation/ 10.843.6
Ilepuon peabummrarym (mec) Orpannyensast MmotuBanus (4-20)
Work experience (year)/ Mental fatigue/
+ +
OmnbIT paboTs! (Tomn) 207132 YmcrBeHnHOE yTomienue (4-20) H6+4.1
Weekly work hours in previous job/ it vk At
EsxeHenenbHbIe paboune 4achl 48 (30-60) 1.0 (1.0-5.0)
N Tekymast TpynocmocooHocTs (0—10)
Ha Ipe/pLyLeil pabore
Weekly work hours in current job/ Current physical work ability/
EsxenenenbHble paboune Jackl 46 (28.5-66.5) Tekymas ¢pusnaeckas 29+14
Ha HacTosmel pabore paboTocnocobHOCTh (2—-10)
Emplover support/ Current mental work ability/
Moze mK: ;]60T0 I;F;em (1-10) 1.0 (1.0-4.5) Texymast yMCTBeHHAs! 2.6+ 1.1
uep P A paborocnocodHoCTh (2—10)
Co-worker support/ HADS anxiety/TpeBoXHOCTB 110
— +
Tonneprxka xomrer (1-10) 1.0(1.0-6.5) mkane HADS (0-21) 9.3£39
Insurance support/ 2.0 (1.0-5.0) HADS depression/ 90448

CrpaxoBas nomaepxkka (1-10)
Note: created by the authors.

HpnMeqa}me: TabNUIa COCTaBICHA aBTOpaMH.

JHenpeccus mo mkane HADS (0-21)

Table 4/Tabnuua 4

Job title of participants, before diagnosis and after completion of treatment
Bup TpyaoBoW AeATeNnbHOCTb 40 NOCTAHOBKM AUarHo3a u nocrie fneyveHus

Frequency before disease diagnosis/

Frequency after treatment/

Lo U EIR S e Jlo mocTaHOBKHU AMarHO3a Ilocne neuenus
Carpenter/I1moTHHK 6 (4.4 %) 0 (0 %)
Farmer/®epmep 12 (8.9 %) 9 (6.7 %)
Owner, retail/Brayienen, po3HHYIHAs TOPTOBIIS 30 (22.1 %) 15 (11.1 %)
Teacher/Yuurenn 4 (2.9 %) 0 (0 %)
Guard/OxpaHHuK 9 (6.7 %) 0 (0 %)
Manual worker/Pabounii 33 (24.4 %) 0 (0 %)
Engineer/Unxenep 3(2.2%) 0 (0 %)
Driver/Bonutenb 15 (11.1 %) 3 (2.2 %)
Office worker/OducHsit paboTHHK 18 (13.3 %) 9 (6.7 %)
Gardener/CanoBHHK 3(2.2 %) 0 (0 %)
General practitioner/Bpad o01meit mpakTikm 2 (1.4 %) 0 (0 %)
Not working/He paborai 0 (0 %) 99 (73.3 %)

Note: created by the authors.

HpI/IMe‘IaHI/ICZ Ta6n1/1ua COCTaBJIEHA aBTOpaMH.
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Table 5/Tabnuua 5
The employment status of individual who returned to work and the reason for not returning to work in
individual who did not return to work

CTaTyC 3aHATOCTU NUL, BEPHYBLUMNXCA K pr,D,OBOﬁ AeATeNnbHOCTU, U NTPU4YNHA HEBO3BpaALleHUA K pa60Te

Work related difficulties experienced by worker*/
HcnbIThIBaeMBbIC TPYAHOCTH, CBA3aHHBIE C paboTOH™
Lessened work-related ability than before/

Reasons for non-working*/
[IpuuuHBI HETPYAOCIIOCOOHOCTH *

Not having been employed after diagnosis/

CHMIKEHHE TPYI0CTOCOOHOCTH MO 24 (66.6 %) 3 (3.0 %)
He TpynoycTpoen nocie mocTaHoBKH HarHo3a
CPABHEHHIO C TIPEBLIYIIHM TIEPHOLOM
Reduced opportunity for promotion/ T
CoKpallleHue BO3MOKHOCTEH 3 (8.3 %) Physical limitation/ 60 (60.6 %)
DU3HYCCKHEe OrPAHHICHHS

JUTSL IPOJIBIDKEHHSI TI0 CITyXkK0e

Reduced working hours/ 0(0%) Emotional distress (depression or anxiety)/ 12 (12.1 %)

CoxpariieHue pabodero BpeMeH!
Easily fatigued and exhausted/
BeicTpas yromiisieMocTsh

OMOLMOHAIBHBIIT CTpece (IENPecCcHs U TPEBOKHOCTE)

12 (33.3 %) Not wanting to work/Her sxeranust paGorars

6 (6.0 %)

Easily fatigued but no physical limitation/

Decreased wages/CHKeHHas 3apIuiaTa 3 (8.3 %) BhIcTpas yTOMIIIEMOCTh, HO 6€3 (PU3HYECKUX 21 (21.2 %)
OTpaHUYEHUH

Unchanged/Het n3venenmnit 18 (50 %) Treatment side effect/ITo6ounbIe 3pHeKTHI NCUEHNS 27 (27.2 %)

Other/[Ipyroe 33(33.3 %)

Notes: * — a person may have reported more than one item; created by the authors.

Ipumevanus: * —y 0AHOTO GOIBHOTO MOIIO OBITH HECKOIBKO PU3HAKOB; TAOIUIIA COCTABICHA ABTOPAMH.
Table 6/Tabnuua 6
Analysis of the relationship between return to work and qualitative variables

AHanu3 B3aMmMocBA3u MeXxay Bo3BpalleHueMm K pa60Te N Ka4eCTBEHHbIMU NepeMeHHbIMU

Returnto  Non return Odds ratio/
Variables/ITepemenHbIe sy LIS p-value s
Bepnyncs  He Bepnyncs IIAaHCOB
K paboTe K pabote (95 % CI)
Male/Myx 27 (23.7%) 87 (76.3 %) 0.4
Gender/Ton Female/Ken 9@29%) 12(571%) ¥ (0.023)
Marital status/ Married/)Kenar, 3amyxem 30 (27 %) 81 (73 %) 0.90 1.1
CemeliHOE TIOJIOXKEHNE Single/He xenar, He 3amyxkeM 6 (25 %) 18 (75 %) ’ (0.1-6.4)
Smoking status/ No/Her 30 (34.5%) 57 (65.5 %) 011 0.2
Craryc KypeHus Yes//la 6(12.5%) 42 (87.5%) ’ (0.0-1.4)
Spouse's employment status/ No/Her 18 (20 %) 72 (80 %) 0.06 0.1
Craryc 3aHATOCTH CyIpyra Yes/[la 12 (57.1%) 9 (42.9 %) ’ (0.0-1.0)
I level i ious iob/ Low/Huskuit 24 (33.3%) 57 (66.7 %)
v OBe;,CO?;o eavza‘;‘ I;rezlwus i‘y’l ore Moderate/Cpeanuit 12(333%) 33(70.7%) 0.62 -
P FIOXORA Ha HpEARIyIIe p High/Bicoxuit 000%)  9(100 %)
Treatment side effects/ No/Her 3 (20 %) 12 (80 %) 0.72 1.5
[To6ouHbIe 3¢ heKTHI TeYeHUs Yes/]Jla 33 (27.5%) 87 (72.5 %) ’ (0.1-15.1)
. No/Her 15(31.3%) 33 (68.7 %) 0.7
Comorbidity/KomopOuIHOCTH Yes/Jla 21 (241%) 66 (75.9 %) 0.63 (0.1-2.7)
No/Her 36 (333%) 72 (66.7 %) 0.7
Recurrence/Perums Yes/Jla 00%) 27000%) 2% (05203
Psychiatric counselling/ No/Her 33(26.8%) 90(73.2 %) 0.93 0.9
Ilcuxuarpuyeckas noauepxKka Yes/[la 3(25 %) 9 (75 %) ’ (0.0-9.6)
o No/Her 30 (24.4%) 93 (75.6 %) 3.1
Rehabilitation/Peabunurarus Yes/Jla 6 (50 %) 6 (50 %) 0.26 (0.9-10.3)
Stage at diagnosis/ Early/Pannsist 36 (28.6 %) 90 (71.4 %) 0.06 0.9
Crazaus npy NOCTaHOBKE JMAarHo3a Advanced/PacnipocTpaneHnHas 0 (0 %) 9 (100 %) ’ (0.8-0.9)
Curative/JleueOHbIi 36 (27.9 %) 93 (72.2 %) 0.9
Treatment plan/Bu sieverns Palliative/Manmammsneii  0(0%)  6(100%) U0 (0.8-0.9)
Surgery/Oneparust 9(18.8%) 39 (81.3 %)
Type of treatment/ Radiation/JTyuesas Tepams 6 (28.6%) 15 (71.4%)  0.66 -

Meton neueHus

Note: created by the authors.

HpI/IMC‘{aHI/IeZ Ta6111/1ua COCTaBJIEHA aBTOpaMH.

CUBWUPCK/IA OHKOINOIMMYECKU XKYPHAT.

Chemotherapy/Xumuorepanus

2024; 23(4): 19-31

21 (31.8 %)

45 (68.2 %)
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Table 7/Tabnuua 7

Analysis of the relationship between return to work and quantitative variables
AHanus3 B3auMocCBSi3U MeXAy Bo3BpalleHMeM K paboTe U KoNMn4ecTBeHHbIMU NepeMeHHbIMU

Variables/ITepemennsie

Age at the time of diagnosis/Bo3pacT Ha MOMEHT IMOCTAaHOBKH JIHarHO3a
Age at treatment completion/Bo3pact Ha MOMEHT 3aBEpILICHUS JICUCHUS
Number of family members/KonndecTBo 4eHOB ceMbU
Duration of treatment (months)//[nmutensHOCTD JeueHus (Mec)

Time since treatment completion (months)/
Bpewms ¢ MoMeHTa 3aBepIICHUS JICUSHUS (MeC)
Smoking (pack/year)/Kypenue (mauxa/ropx)

Rehabilitation period (months)/ITepron peabunuranuu (mMec)

Work experience (year)/Crax paboTs! (Tox)
Weekly work hours in previous job/

HenenbHble paboune yachl Ha MpeabLAYyILEH paboTe
Employer support/ITognepxxka padotomaresns (1-10)

Co-worker support/ITognepxxka komier (1-10)

Insurance support/Ctpaxoas moguepxka (1-10)
Job satisfaction/YnosierBoperHocts padoroii (1-10)

Quality of life/Kauectso xu3uu (0—100)
General fatigue/O6mast ycranocts (20-100)
Physical fatigue/®uznueckas ycranocts (4-20)

Restricted activity/OrpanudenHast akTHBHOCTE (4-20)
Restricted motivation/Orpannuennast motuBanus (4-20)

Mental fatigue/YmcTBeHHas ycranocts (4-20)

Current work ability/Tekyrmas TpynocmnocooHocTts (0—10)
Current physical work ability/Texymas ¢pusnueckas TpyrocnocooHocTs (2—10)
Current mental work ability/Tekymias ymcTBeHHas TpynocnocooHocTs (2—10)
HADS anxiety/TpeBoxknocts 1o mxane HADS (0-21)

HADS depression//lenpeccust HADS (0-21)
Note: created by the authors.

IIpumeuanue: Tabnuia cocraBieHa aBTOPaMHU.

this difference in the rate of return to work can be
partly attributed to the difference in the type of cancer
investigated and the population studied.

Our study showed that out of 48 individuals un-
dergoing surgery, 9 (18.8 %) returned to work, while
out of 87 individuals undergoing chemotherapy and
radiotherapy, 27 (31.03 %) returned to work. However,
no significant difference was found between these three
treatment methods and the rate of return to work. One
study found that patients who underwent surgical treat-
ment had a higher rate of returning to work. Patients
who received chemotherapy and radiotherapy had a
relatively lower rate of returning to work [16]. This
could be because patients who are treated only with
surgery have their cancer diagnosed at an early stage.
Most patients in advanced stages may need chemother-
apy and radiotherapy. In addition, chemotherapy and
radiotherapy take several months and require multiple
visits to the hospital or clinic, making patients prone
to side effects or discomfort. A study of breast cancer
survivors found that chemotherapy or radiotherapy

26

Non return to work/

Return to work/
He Bepnyics k

BepHnyics k pabore g %’
Mean + SD/Median (interquartile range)/ Z_
Cpennee 3HaueHue = SD/
Menuana (MeXKBapTHIbHBIN pa3Max)
47.9+109 51.1+£10.3 0.36
49.1£10.8 52.8+10.7 0.08
1.5(0.2-3.7) 2.0 (1.0-2.0) 0.73
12 (6.0-18.7) 12 (6.5-24) 0.40
13.5(9.7-36) 12 (8-24) 0.26
40 (30-45) 12.5 (5-32.5) 0.29
2.0 (1.0-3.0) 21.5(1.0-21.5) 0.60
21.8+12.1 17.6 +16.0 0.35
46 (30-54) 48 (21-63) 0.42
2.5(1.0-7.2) 1.0 (1.0-3.0) 0.45
4.0 (1.0-8.0) 1.0 (1.0-4.5) 0.40
3.5(1.2-5.0) 2.0 (1.0-4.0) 0.31
4.0 (1.0-8.0) 2.0 (1.0-8.5) 0.77
45 (28.7-50) 20 (6.0-35) 0.01
129+3.4 13.1+3.9 0.87
13.1+34 13.6 =4.1 0.73
11.5+3.5 13.8+4.4 0.10
11.2+34 10.6 3.7 0.62
11.0+49 11.7+3.8 0.61
5.5(2.5-7) 4 (3-6.5) 0.16
23+1.2 32+14 0.06
25+13 2.6+1.0 0.60
9.9+6.8 94+56 0.80
79+55 94+45 0.34

limited or delayed return to work, possibly because
end-stage cancer patients require several treatment
strategies [17].

Our study found that people who received palliative
care did not return to work, and other studies found
that patients who received palliative care had a lower
rate of return to work [18].

Regarding the types of cancer, our study showed
that the return to work rate was highest in individuals
with non-Hodgkin lymphoma and lowest in oesopha-
geal cancer and Hodgkin lymphoma. Previous stud-
ies have shown that liver, lung, brain, hematologic,
gastrointestinal, and pancreatic cancer are associated
with decreased likelihood of employment or increased
possibility of job loss [18, 19]. Another study showed
that within two years of diagnosis, male and female
reproductive, skin, and breast cancer had the high-
est rates of return to work. [20]. Breast and cervical
cancer survivors are more likely to return to work,
possibly due to Pap smear screening and early breast
cancer screening and detection. Screening programs

SIBERIAN JOURNAL OF ONCOLOGY. 2024; 23(4): 19-31
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Table 8/Tabnuua 8

Analysis of the relationship between return to work and qualitative variables in patients with gastric
cancer and Non-Hodgkin's lymphoma
AHanus3 B3auMocCBSi3U MeXAy Bo3BpaLleHneM K paboTe U kKayeCTBeHHbIMU NepeMeHHbIMU Y NALUEHTOB C
paKkoM xenyaka U HEXOMKKUHCKOW numMdcomon

Non-Hodgkin's lymphoma/

Gastric cancer/
HexomxkuHCKast TuMpoma

Pax xemynxa (n=66)

(n=15)
Variables/ Return Non return Return to Non return
IlepemeHHbIC to work/ to work/ E work/ to work/ E
Bepuyincst  He Bepuynes S Bepuyncs  He Bepryi- s
K pabore K pabote &, K pabore  cs1 Kk pabore &
(n=21) (n=45) (n=9) (n=6)
Male/Myx 15(27.8%) 39 (72.2 %) 3 (100 %) 0 (0 %)
Gender/ITon 0.13 0.11
Female/Xen 6 (50.0 %) 6 (50.0 %) 6(50.0%)  6(50.0 %)
Marital status/ Married/Xenar 15(29.4 %) 36 (70.6 %) e 9 (60.0 %) 6 (40.0 %)
Cemeiinoe nonoxenne Single/Xomoct 6 (40.0 %) 9 (60.0 %) ’ 0 (0 %) 0 (0 %)
Smoking status/ No/Her 15(33.3%) 30 (66.7 %) 0.69 9(75.0%) 3 (25.0%) 0.04
Craryc KypeHus Yes/Jla 6(28.6%) 15(71.4%) ' 0 (0 %) 3 (100 %) '
Spouse's employment status/ No/Her 9(20.0%) 36 (80.0 %) . 6(50.0%)  6(50.0 %) .
Craryc sanstocTy cynpyra Yes/Jla 6 (100 %) 0 (0 %) 3 (100 %) 0 (0 %)
Income level in previous job/ Low/Huskuii 12 (26.7 %) 33 (73.3 %) 6 (100 %) 0 (0 %)
YpoBeHs 1ox01a Moderate/Cpenunit 9 (50.0 %) 9(50.0%) 096 3(333%) 6(66.7%) 0.02
Ha TIPEABITYIIEM MECTe paboThl High/Bbicoxuit 0 (0 %) 3 (100 %) 0 (0 %) 0 (0 %)
Treatment side effects/ No/Her 3(50.0 %) 3(50.0 %) 031 0 (0 %) 3 (100 %) 0.05
HoGoutbie 5 eKTsl neyeHust Yes/Jla 18 (30.0%) 42 (70.0%) 9(75.0%) 3(25.0%)
o No/Her 9(333%) 18(66.7 %) 6(50.0%)  6(50.0 %)
Comorbidity/KomopOuIHOCTh 0.82 0.11
Yes/Jla 12(30.8%) 27 (69.2 %) 3 (100 %) 0 (0 %)
No/Her 21 (43.8%) 27 (56.3 %) 9(75.0%) 3 (25.0%)
Recurrence/Penmus 0.01 0.04
Yes//la 0 (0 %) 18 (100 %) 0 (0 %) 3 (100 %)
Psychiatric counselling/ No/Her 18 (30.0 %) 42 (70.0 %) 0.93 9(60.0 %) 6 (40.0 %)
HcuxuaTpuyeckas moaaepKKa Yes/[la 3 (50.0 %) 3 (50.0 %) . 0 (0 %) 0 (0 %)
o No/Her 15(25.0 %) 45 (75.0 %) 9 (60.0 %) 6 (40.0 %)
Rehabilitation/Peabumurarist 0.01 -
Yes/[la 6 (100 %) 0 (0 %) 0 (0 %) 0 (0 %)
Surgery/Omnepanust 6 (28.6 %) 15 (71.4 %) 3(50.0%) 3 (50.0 %)
Radiation/ o 0 0 0
Type of treatment/ Jlysesas Tepanms 0 (0 %) 12 (100 %) 001 0 (0 %) 0 (0 %) 051
Mertox nedeHus ’ ’
Chemotherapy/ 15 45 s o0y 13 (545 %) 6(66.6%)  3(33.3 %)
XuMHOTEpanust e e o e

l'lpHMeanue: TabIMIa COCTaBICHA aBTOpaMH.

Note: created by the authors.

can significantly improve early detection of cancer and
thereby reduce work-related disabilities and problems
in working population [21-23].

In terms of demographic factors, in our study it
was found that the older people are the less likely they
are to return to work, although this difference was not
statistically significant. The average age of the patients
was 50.2 = 10.4 years. As this average age is close
to retirement age, patients may be less motivated to

CUBUPCKIM OHKONOTNYECKW XXYPHAT. 2024; 23(4): 19-31

return to work. In one study, the unemployment rate
was higher in older patients (50—60 years old). In ad-
dition, studies have shown that gender and low socio-
economic levels are among the demographic factors
affecting return to work [18]. Another study found that
within two years of a cancer diagnosis, older women
returned to work earlier than older men, but return to
work was delayed for married women compared to
married men [24]. In our study, the unemployment rate
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Table 9/Tabnuua 9
Analysis of the relationship between return to work and quantitative variables in patients with gastric
cancer and Non-Hodgkin's lymphoma

AHanus B3aumocBsA3u MeXxay Bo3BpalleHUueM K pa60Te N KONMU4eCTBEHHbIMU NepeMeHHbIMN Y NauueHTOB

C paKoM xenyaka u HeXOAKKMHCKOM numcomoin

Gastric cancer/
Pax xenrynka (n=66)

Non-Hodgkin's lymphoma/

Hexomxkkunckas muMbpoma (n=15)

Return to Non return to Return to Non return to
work/ work/
work/ work/
Bepryzca He Bepnyicst k Bepnynes k He Bepuynes
Variables/IlepemenHsre K paboTe a60Tre): (}Ill= 45) 2 a6l())Te}:l (n=9) K paboTte 2
m=21) P s P (n=6) S
Mean + SD/ & Mean + SD/ &
Median (interquartile range)/ Median (interquartile range)/
Cpennee + SD/Menunana Cpennee + SD/Menunana
(MEXKBapTUIILHBIN pa3Max) (MEXKBapTUIILHBIN pa3Max)
Age at the time of diagnosis/ 454499  535+107 000 51.0+112 55000 031
Bo3zpacT Ha MOMEHT MOCTaHOBKH JIHArHO3a
WM RUS @Ry G i) 1.0(0.54.0)  2.0(1.02.0) 0.84 1.0(0.0-2.0) 1.5(1.0-2.0) 0.32
Kos4ecTBo 4/IeHOB CeMbH
Duration of treatment (months)/ 12.0
IIHTbHOGTS Meernt (4cc) 140(6020) (T 099 9.0(60-48) 405(21-60) 003
Time since treatment completion (months)/ 12.0
Bpewmst ¢ MoMeHTa 3aBepIIeHs JIedeHus (Mec) 12.0(6.0-15) (8.0-30) 0.13 3603642 10.5(9.0-12) 0.00
Work experience (year)/Crax pabots! (Jier) 15.1+6.1 20.6+82 0.15 22.6+14.7 22.5+8.2 0.98
Weekly work hours in previous job/ 30.0 (28-48)  54.0 (30-72) 0.01 56.0(36-70) 52.5 (45-60) 0.99
HenenbHere paboure yacsl Ha mpenbIayIIei padore
Employer support/ g g g g
Tomnepia pabotozarens (1-10) 4.0(1.0-8.0) 1.0(1.0-2.0) 0.00 1.0(1.0-8.0) 2.0(1.0-3.0) 0.99
Co-worker support/ITommeprxka xomrer (1-10) 5.0(1.0-8.0) 1.0(1.0-5.0) 0.01 1.0(1.0-8.0) 3.5(3.0-4.0) 0.32
Insurance support/CtpaxoBast mogaepxka (1-10) 4.0(1.0-5.0) 1.0(1.0-3.0) 0.03 2.0(1.0-3.0) 4.0(3.0-5.0) 0.00
Job satisfaction/
ViomneTaoperocTs paoroit (1-10) 50(2.0-8.0) 1.0(1.0-3.0) 0.00 1.0(1.0-8.0) 8.0(7.0-9.0) 0.03
Quality of life/KauectBo xwusnu (0—100) 40.0 (25-50) (0100_’(3)0) 0.02 50.0 (20-75)  20.0 (10-30) 0.03
General fatigue/O6mmast ycranocts (20-100) 13.1+£3.8 134+35 074 14.0+22 10.5+1.6 0.00
Physical fatigue/®usnueckas ycramocts (4-20) 141+33 16.6+2.7 0.56 13.3+2.5 13.5+4.9 0.94
Restricted activity/ 121434 136444 018 11618  155+27 001
OrpanndeHHast akTUBHOCTB (4-20)
Restricted motivation/ 11439 116436 059 126421  55£05  0.00
Orpannuennas motusanus (4—20)
Mental fatigue/YmctBenHas ycranocts (4—20) 12.1+5.1 11.9+3.7 0.85 11.3+£3.6 11.5+7.1 0.95
Current work ability/Tpynocnocodxocts (0—10) 5.5(2.0-6.5) 4.53.1-7.0) 021 5.0(1.5-5.5) 4.0(3.5-6.0) 041
Current physical work ability/ 26+ 1.1 34412 010  2.1+1.0 23411 0.8
Tekymast puzugeckas TpyaocnocooHocTs (2—10)
Current mental work ability/ 21413 27410 052 24+12 25410 076
Texymast yMCTBEHHasl TPY0CIIOCOOHOCTH (2—10)
HADS anxiety/
TpesonocTs o mxaze HADS (0-21) 104+7.4 11.1+£58 067 11.6+£4.7 8.0+£32 0.12
HADS depression//lenpeccust HADS (0-21) 7.8+£5.6 10.6+4.2  0.02 9.6+43 55+1.6 0.02

HpI/IMe‘IaHI/IeZ TaGJ’II/ILIa COCTaBJIEHA aBTOpaMH.

Note: created by the authors.
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was higher in single people and in men, but it was not
statistically significant.

In present study, return to work in patients with
non-Hodgkin's lymphoma was associated with smok-
ing status, disease recurrence, lower income, shorter
treatment duration and longer time to treatment com-
pletion, lower insurance support and job satisfaction,
and higher quality of life. Interestingly, in these pa-
tients, return to work was associated with more fatigue
(but with less restricted activity) and more depression.
This finding suggests that the major cause of not re-
turning to work in these patients is physical incapacity
rather than psychological factors. However, due to the
small sample size in this subgroup of cancers, it is
recommended to conduct studies with a larger sample
size. As mentioned, according to previous studies,
hematological malignancies are among cancers with
a low rate of return to work. For instance, in a study
to investigate the differences in the rate of partial and
full return to work between different types of cancer
among cancer survivors, blood cancers were included
in the “lower full return to work rate” group [25]. In
the study of Horsboel et al., with the aim of determin-
ing the rate of returning to work among patients with
blood cancers, the use of antidepressants or anxiolytics
after diagnosis, gender, age and education level were
associated with return to work [26].

In patients with gastric cancer, return to work was
associated with disease-related factors (recurrence,
receiving rehabilitation, chemotherapy), demographic
and psychosocial factors (spouse's employment,
younger age, higher quality of life, and a lower depres-
sion score), and work-related factors (less working
hours per week, more support from the employer and
co-workers, and higher job satisfaction). The results
of different studies on the factors affecting return to
work in patients with stomach cancer are different. In
the study of de Boer et al. on survivors of gastroin-
testinal cancers, it was found that employed patients
on sick leave had more fatigue and distress compared
to patients who worked [27]. Chen et al. found that
in patients with gastric cancer, old age, male gen-
der, comorbidities, chemotherapy, radiotherapy, and
manual occupations were associated with less return-
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ing to work. Surgery and early stages of cancer were
associated with an increased probability of returning
to work [28]. In a study to compare the employment
status of stomach cancer survivors with the general
population, it was found that the survivors were more
fatigued in performing housework and gainful work.
More cancer survivors reported reduced working hours
and work-related abilities compared to the general
population [29].

Overall, the return to work rate in our study was
approximately 26.7 %, which is lower than the preva-
lence of return to work in cancer survivors in other
studies. The average prevalence of return to work in
other studies is 62 % (range 30-93 %) one to two years
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HE®POHCBEPETAIOWKME ONEPALIMA B XUPYPTMYECKOM
NEYEHUN PETPOMNMEPUTOHEAJIbHBIX CAPKOM

A.B. Psi6oB'?, A.B. Yaika', B.M. XomsikoB', O.A. AnekcaHgpoB',
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"MOCKOBCKUIA HayYHO-MUCCenoBaTeNbCKNA OHKONOrMYeckuii MHCTUTYT um. M.A. lepueHa — dounman ®rey
«HaunoHanbHbIN MeAVLIMHCKMIA UCcCcreqoBaTenbCKuin LeHTp paguonoruny MuHsgpasa Poccum
Poccus, 125284, r. Mocksa, 2-n botkuHckun np-g, 3

20I'bY «HaumoHanbHbI MeAULIMHCKUIA ccneaoBaTenbCKUii LLIeHTp paguonorum» MuHsgpasa Poccum
Poccusi, 249036, r. O6HuHCK, yn. Koponesa, 4

3Hay4Ho-uccnenoBaTensCkuii UHCTUTYT YPONOTUK U MHTEPBEHLIMOHHOWM pagmnonorim

um. H.A. NlonaTtkmnHa — counuan ®rbY «HaumoHanbHbIN MEAULIMHCKAIA

nccrnenoBaTenbCkui LeHTp paguonoruny Munagpasa Poccun

Poccus, 105425, r. Mocksa, yn. 3-a Napkosas, 51, cTp. 1

“®FAQY BO «lepBblii MOCKOBCKMI rocy4apCTBEHHbIA MEAULIMHCKAIA YHUBEPCUTET

um. .M. CeueHoBa» MuHagpasa Poccun

Poccus, 119991, . Mocksa, yn. TpybeLkasi, 8/2

AHHOTauus

Llenb nccnegoBaHus — yToO4HEHVE NOKa3aHWU K MPYMEHeHNo HedbpoHcOeperatoLwmx TEXHONOMIA Npu XUpyp-
rMYECKOM fiedeHnn BOomnbHbIX C peTponepuToHeansHeiMu capkomamu. Matepuwan u metoabl. B nccnegosaHve
BKIIOYEHbI 64 naumeHTa ¢ NepBUYHBLIMU PETPONEPUTOHEANbHLIMU CapKoOMaMm C BOBIEYEHMEM MOYKM U CTPYKTYP
NMOYEYHOM HOXKM, MPOXOAUBLUNX XMPYPruyeckoe reveHmne B TopakoabaommHansHom otaeneHun MHUOW nm.
M.A. TepueHa (2010-2021). HedppakToMum BbinonHeHbl y 21 60nbHOrO, y 43 60MbHbIX NPUMEHEHbI HedppoHche-
peratoLpe TexHonoruu. ayueH mopdonornyeckunin npocunb CapkoM, NoNoBO3pacTHOM COCTaB, BO3MOXHOCTM
HebpoHcHeperaLwmnx TEXHOMOIMIN, YacToTa NOCrneonepaLmoHHbIX OCIOXHEHUI B 06enx rpynnax, a Takke
OoTAaneHHble pesynbraTthbl IeYeHns, B TOM Y1Che B 3aBUCMMOCTY OT pasnuyHbiX daktopoB. C 3ToN Lenbio
npoBedeH MHorohakTopHbI aHanm3. PesynbTaTthbl. Y 43 GOMbHBLIX C MEPBUYHBIMU PETPONEPUTOHEANBHBIMM
CapkoMaMu C BOBIIEYEHMEM B OMyXONeBbIV NPOLIECC NMOYKN, MOYETOYHMKA, COCYAMNCTON HOXKM NOYKM onepauum
BbIMOMHANNCL C NPYMEeHeHneM HedppoHcOeperatoLLmMX TEXHONOTNIA: NPELM3NOHHOE BbiAeNeHne NoYku, MoYe-
TOYHMKA U COCYAUCTBIX CTPYKTYP MOYKM U3 OMYXONEBbIX Y3M0B, Pe3eKLUMS MOYKU, CTEHTUPOBAHNE MOYETOHHMKA,
pe3eKuusi yCTbEeB MOYEYHbIX BEH, PE3EKLMS MOYETOYHMKOB, ayTOTpaHCnnaHTaums nodku. MocneonepaumnoHHsie
ocnoxHeHus: rpynna Hedpaktomuii — 19,0 % (4 naumenTa, Tunel I, 1B, IV n V no Clavien-Dindo), rpynna
HedbpoHcbeperatowmx onepauuii — 30,2 % (13 naumenToB: Tunbl [ -8, IHA— 1, IIIB — 3, IV — 1); netanbHbIx
NCXOA0B He 6bino. Mpu cTaTcTMyeckom aHanuae rpynn HedpakTomuii n HedppoHcbeperatoLmx onepaumn
6e3peLmanBHbBIN MEPUO 1 BbIXKMBAEMOCTb CTAaTUCTUYECKUN He oTnndanuck. OfHONETHAS BbXKMBAEMOCTb BO
Bcen rpynne coctasuna 84,1 %, 3-netHasa — 65,9 %, 5-netHas — 51,4 %. Mpu mynesTudakTopHOM aHanuse
[0CTOBEPHO MOBLILLIAETCA CMEPTHOCTL Y NALMEHTOB CTapLue 64 neT, CBs3aHHas Kak ¢ peLuansoM npotecca,
Tak 1 Hanudmem conyTcTBytowen natonorumn (p=0,009). Takke BbigBNEHa TEHAEHUMSA K YMEHbLUEHWIO Bbl-

#=7 Yanka AHHa BaneHTuHOBHa, annachayka@mail.ru
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XuBaemocTun y 6onbHbix neommocapkomon (p=0,066). BeiBoabl. [Npy peTponeputoHeanbHbIX capkomax
paunoHarnbHOW XUPYPruyeckon TakTUKOW NpeacTaBnsaeTcs yoaneHue Onyxonn ¢ COXpaHeHWeM OpraHoB U
CTPYKTYP, HE BOBJIEYEHHbIX HEMOCPEACTBEHHO B OMNyXOreBbIv npouecc. HedhpoHcbeperatowme TeXHONorum
He YXyALIaltT Kak HenocpeacTBEeHHbIe, TaK U OTAaneHHble pesynbrartbl neveHus. [pu neommocapkomMax
bonee uenecoobpasHbiM ABMASETCA yaaneHme onyxonm ¢ HepPaKTOMMEN.

KnioueBble crioBa: HeopraHHbie 3a6pHLLIMHHbIE OMYXOJIU, PETPONepPUTOHearbHbleé CapKOMBbI,
HedpoHcOeperaoLme onepauum, nunocapkomMa.

NEPHRON-SPARING SURGERY
FOR RETROPERITONEAL SARCOMAS

A.B. Ryabov'? A.V. Chaika', V.M. Khomyakov', O.A. Alexandrov’,
A.K. Kostrygin', D.D. Sobolev', G.S. Pogosyan’, S.V. Arzumanov?,
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Abstract

Objective: to clarify the indications for the use of nephron-sparing technologies in surgical treatment of
patients with retroperitoneal sarcomas. Material and Methods. The study included 64 patients with primary
retroperitoneal sarcomas with kidney and renal pedicle invasion, who underwent surgical treatment in the
Thoracic-abdominal Department of the P.A. Herzen Moscow Oncology Research Institute from 2010 to
2021. Twenty-one patients underwent nephrectomies, and 43 patients underwent nephron-sparing surgery.
The morphological profile of sarcomas, age and gender of the patients, feasibility of using nephron-sparing
technologies, postoperative complications, and long-term outcomes in patients of both groups were analyzed.
Results. Forty-three patients with primary retroperitoneal sarcomas with invasion of the renal parenchyma,
ureter, and renal pedicle underwent nephron-sparing surgery (precision mobilization of the kidney, ureter and
vascular structures of the kidney from tumor tissue, kidney resection, ureteral stenting, resection of the renal
vein orifices, resection of the ureters, and kidney autotransplantation). Postoperative complications were
observed in 19.0 % of nephrectomy group patients (4 pts: Il, [lIB, IV and V types according to Clavien—Dindo)
and in 30.2 % of nephron-sparing group patients (15 pts: types Il — 8, IlIA—1, llIB — 3, IV — 1). No statistical
differences in the relapse-free period and survival time between two groups were observed. The 1-, 3- and
5-year survival rates were 84.1 %, 65.9 %, and 51.4 %, respectively. Multifactorial analysis showed that mortality
increased significantly in patients over 64 years of age and was associated with both disease recurrence
and concomitant pathology (p=0.009). There was also a trend toward decreased survival in patients with
leiomyosarcoma (p=0.066). Conclusion. In retroperitoneal sarcomas, tumor resection with preservation of
organs and structures not directly invaded by the tumor is the optimal surgical strategy. Nephron-sparing
technologies do not worsen both immediate and long-term treatment outcomes. For leiomyosarcoma, tumor
resection with nephrectomy is the most suitable approach.

Key words: retroperitoneal neoplasm/surgery, liposarcomas, nephron surgery, disease progression,
nephrectomy, nephron-sparing resection.

BBenenue 3JI0Ka4eCTBEHHBIX omyxouen [1, 2]. U3-3a oTHOCH-
B HacTosiliee BpeMs XUPYPruyeckoe JICUCHHE  TEJIbHO MEIJICHHOIO POCTA U JJTUTEIIBHOTO OTCYTCTBHUS
perponeputoneanbubix capkom (PIIC) siBisiercss  cumnTomoB 4aie Bcero BoisiBiisitorcst PIIC Gonbimx
aKTHBHO M3yudaeMoi Temoil. Heopranueie 3a0pro-  pa3mepoB. JlaHHbICe HOBOOOPa30BaHUS MPECTABISIOT
muHEbIe onyxonu (H30) sBistorcs 10CTaTodHO  COOOH THCTONIOTUYECKH TeTEPOTeHHYIO TPYIITY OITy-
peaKoN TaTOJNIOTHEH U COCTaBISIOT MeHee 1 % BceX  XoJlel, BKITIOUAIOIIyI0 OKojio 140 rucTomorndecKmx
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noaTumnos [1, 3], yacTora MECTHBIX PELUIUBOB U
meTtactazupoBanus PIIC mocne xupypruyeckoro
JICYEHHUS 3aBUCUT OT MOP(OIOTHYECKOTO CTPOCHUS
ommyxonu. JInmocapkoMbl cOCTaBIAOT 0kosio 60 %
Bcex PIIC, MOryT BO3HUKATh BE3JIE, T/I€ TPUCYTCTBYET
XKUpoBasi TKaHb, 1240 % numnocapkoM HUCXOAWT U3
3a0pIOMMHHOTO MPOCTpaHCTBA U 35 % TPUXOTUTCS
Ha napaHe(palibHy0 KHPOBYIO KieTdaTKy. Bropoii
T10 pacIpoCTPAaHEHHOCTH TUCTOJIOTMYECKHI BapUaHT —
nefiomuocapkoMsl (16 %), oHM TIOApPA3IENAIOTCS Ha
OTYXOJIH, UCXO/ISIINE U3 TKaHEH HUXKHEH 10101 BEHbI
(HIIB), n onmyxounu, He ucxoasuiue u3z HIIB, xapakre-
pHU3YIOTCA KaK BhIpaKEHHBIM MECTHOPACTIPOCTPaHEH-
HBIM POCTOM, B TOM YHUCJIC C HCTUHHOW WHBa3uEH B
CTEHKY OpTaHOB M COCY/OB [4], TaK 1 BEICOKOI 4acToO-
TOM OTZAJICHHOTO MeTacTasupoBanus. [IneomopdHas
capkoma (paHee U3BECTHAs KaK 3JI0KaueCcTBeHHas (u-
Opo3Has ructuonuToma) cocrasisier 5 % Bcex PIIC.
O0pazoBaHus, HCXOAIINE U3 KICTOK HEPBHOW TKAHH
(HEeBpUHOMBI, TAHTITHOHEBPOMBI, TTAParaHTITHOMBI
Pa3IMYHON CTETEHH 3JI0KaYeCTBEHHOCTH U JIPYTHE),
cocraBisitoT npuMepHo 4 % Becex (H30) [1, 3].

Xupypruueckoe yaanenue H30 B Hacrosiiee Bpe-
Ms SIBJISIETCSI Oe3aIbTePHATHBHBIM METOIOM JICUEHHS
6onbHBIX ¢ PIIC Kak pagukaabHOTO XapakTepa, Tak U
LUTOPETYKTUBHOTO, TIPU OTCYTCTBHM BO3MOYKHOCTH
paAMKalbHO YIAIUTh OMyXoyb. B nurteparype umer
JICKYCCHSI 10 TTIOBOTY HEOOXOAMMOCTH KOMITAPTMEH-
tansHOTO ynanenus PIIC, ¢ oba3arensHbIM ynane-
HUEM OpraHoB (IT0YKa, OTAENI 000J0YHON KHUIIKH U
T.J1.), BXOASAIIMX B ONPEAETICHHbIC KOMIIAPTMEHTHI, U3
KOTOPBIX MICXOIUT OITyXOJb, JaK€ €CIIH 3TH OpPTaHbI
HETIOCPEJICTBEHHO HE BOBJICUECHBI B OIMYXOJEBBIN
nporecc [5, 6]. HuropenykruBnoe ymanenue PIIC
MPUMEHSIETCSI B OCHOBHOM IpH OOJBIION pacmpo-
CTPaHEHHOCTH OITYXOJIU U HEBO3MO)KHOCTH Y/IaJICHHS
0e3 CyIeCTBEHHOTO aHaTOMHYECKOTO nedeKTa, He
COBMECTHUMOTO C ITPUEMIIEMbIM (PyHKIIMOHUPOBaHHEM
opranusma. Maccusnsle PIIC ¢ BoBneueHnem Gomnee
OJTHOTO KOMITAPTMEHTA 3a4acCTyI0 BOBMOXKHO yIalUTh
TOJIBKO TIyTeM (pparMEeHTHPOBAHHUSL.

Psan aBTopoB yOexkjaeH B HE0OXOAMMOCTH cba-
JJAHCHUPOBAHHOTO IMOAX0Ja K XUPYPIHUYECKOMY Jie-
yeHnro pesekradenbHbix PIIC, 3akimodaromerocs B
OJTHOBPEMEHHOM MOHOOJIOYHOM yHaJIEHUH OITYXOJIH,
HO C COXpaHEHHEM OPTraHOB M CTPYKTYp, HE BOBIIE-
YEHHBIX HEMOCPEJICTBEHHO B OIYXOJIEBBIN Ipolecc,
MOCPEACTBOM NPELM3UOHHOTO UX BhIAeNeHusd. B
HaIlleM HCCIEAOBAHUH TPUMEHSIETCS UMEHHO 3TOT
cOalaHCHPOBAHHBINA MOAXO0/, 3aKITIOYAIOIMHUIICS B
OJIHOBPEMEHHOM CTPEMJICHUHM K MOHOOJIOYHOMY
yIAJEHHUIO OMYyXOJU ¢ MAaKCUMaJbHO BO3MOXKHBIM
COXpaHEeHUEM OPTaHOB M CTPYKTYyp. B wactHOCTH,
He(dpoHCOEperamIue oneparuu Moapa3yMeBaroT
MOJTHOE y/IaJIeHUe OITyXOJIU € MapaHePpatbHON KIIeT-
YaTKOM ¢ MPEIM3NOHHBIM BBIJETIEHUEM U COXPaHEHHUEM
MTOYKH, SJIEMEHTOB BOPOT MOYKHU ¥ MOvYeToUHHKA. [Ipu
HEO0OXOIMMOCTH BO3MOYKHO BBITIOIHEHHUE PE3EKITUU
CTPYKTYp TIOYEYHON HOKKH C TIOCTIETYIOIINM UX BOC-
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CTaHOBJICHUEM, a TAK)KE TIPOBEJICHIE ay TOTPAHCILIAH-
TalHUU [OYKHU € YIAJICHUEM OCTAaTOUHOUN OIyXOJIEBOU
TKaHU ex Vivo U MOoCIeayoled peruiaHTauen oprana
W aHTHOIIACTUKOH [7-9].

Henp uccienoBanns — yTOUHEHUE MTOKa3aHUI K
MIpUMEHEeHNI0 He(hpOHCOEpeTraroInX TeXHOIOTHIA ITPH
XUPYPTUIECKOM JICIEHUH OOJIEHBIX C PETPOTIEPUTOHE-
AJIbHBIMU CapKOMaMHu.

MarepuaJj u MeTOAbI

B topakoabgomuHamsHOM oTaenernn MHUOU
uM. II.A. T'epuiena B 2010-2021 rr. mo moBomy H30
XUpypruyeckoe JieueHue noiaydmwin 196 OGonbHBIX;
B 00IIel CIIOKHOCTH UM TPOBEACHO 224 omnepanuw,
BKJTIOYasi TOBTOPHBIE BMEMIATEIHCTBA ITPH PEIHINBAX
3aboneBanus. C pesekipeit (Min ynaieHueM) OTHOTO |
Oonee opraHos BoInonHeHo 143 oneparyn. Beero npu
nepBu4aHbIX PIIC (n=110) BoBIIeUSHME B TOM WK UTHOM
BUJIE TAPEHXUMBI IIOYKH ¥ CTPYKTYP TIOUETHON HOXKKH,
MOUYETOYHHKA OTMeUaIoch y 64 (58,18 %) marueHTOB.
Hedpakromuu BeimonHenst y 21 6obHOTO, Y 43 11pH-
MEHEHBI He()pOoHCcOeperaroiue TeXHOIOTHH.

Ilpu mpencraBneHnN MaTepuaaoB, METOIOB U
pe3ynbTaToOB MCCIENOBAHUS KOJIMYECTBEHHBIE MO-
Ka3zaTeslu JaHbl B BUJIE CPEIHUX apu(METHUCCKHUX
BesninunH (M) £ crannaptHoe otkionenue (SD). [pu
CPaBHEHUH CPETHUX BEIUYHMH B HOPMAaJILHO pacrpe-
JIEJIEHHBIX COBOKYTTHOCTSIX KOJTMYECTBEHHBIX TAHHBIX
npuMensics t-kpurepuii CtoronenTa. J{i1st cpaBHeHNA
HE3aBHCHUMBIX COBOKYITHOCTEHN B CIIy4yasiX OTCyTCTBHS
MIPU3HAKOB HOPMAJIEHOTO PACIIpe/IeIICHIsI TAHHBIX HC-
nos30Basicst U-kpurepnit ManHa—Yutan. CpaBHeHHE
HOMHUHAJIBHBIX JAHHBIX MMPOBOAWIIOCH MPH MTOMOIIH
kpurepust y° Ilupcona. Pasmianst nokasareei canta-
JIMCh CTaTUCTUYECKU 3HaYMMbIMH 1Tpu p<0,05. Onenka
(hYHKIIMU BBDKUBAEMOCTH ALMEHTOB MTPOBOIUIIACK IO
merony Kannmana—Meiiepa. [Iporaoctrueckast Moziens,
XapaKTepu3ylomias 3aBUCHMOCTh KOJIMYECTBEHHOMN
MepeMEHHON 0T (aKTOpOB, pa3padaTsiBaiach C II0-
MOILIBIO METOJIa JINHEUHOU perpeccun. i OLieHKH
JINarHOCTUYECKON 3HAYMMOCTH KOJHMYECTBEHHBIX
MPU3HAKOB MPH TPOTHOZMPOBAHUH OIPEAEICHHOTO
HcxXoma MpUMeHsuIcs MeTof aHann3a ROC-KpHUBBIX.
Paznensromee 3HaueHne KOJTUYECTBEHHOTO NMPHU3HA-
Ka B Touke cut-off ompenensiock Mo HaWBBICIIEMY
3HaueHUuIo uHJekca Opena. Hakorenue, Koppek-
THPOBKa, CHCTEMaTH3allMs NCXOMHON HH(bOpMau U
BH3yaIH3anys NOJYyYEHHBIX PE3YIIbTAaTOB OCYIIECT-
BJSUTUCH B 3JICKTPOHHBIX Tabnunax Microsoft Office
Excel 2016. CrarucTiudeckuii aHaIU3 MPOBOIUICS C
ucrnoibp3oBaHreM nporpammer IBM SPSS Statistics
v.26 (pazpadotunk — IBM Corporation).

B rpymme nanueHToB ¢ BOBJIEUEHHUEM MOYKH WU
€e CTPYKTYp IOJIOBO3PAacTHOH COCTaB HE MUMEI Cy-
IIECTBEHHBIX pa3IM4yuii, CPETHNUN BO3PACT COCTABUII
63,14 roma. Mopdonorndeckue THUIBI YIaJICHHBIX
OTMyXOJel COCTAaBIIM TPAAUIIMOHHYIO KapTUHY:
60sbIIMHCTBO (0KOJ0 60 %) — pa3nuuHbIC BAPHAHTHI
JUTOCapKOM, MeHbIIas gous (okomno 17,2 %) — neiio-
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KnuHuko-mopdonornyeckme xapakrepucTuku nayme

Ta6bnuua 1/Table 1
HTOB C NnepBuYHbIMK PINC ¢ BOoBNe4YeHneM noyku

NGO NOYEYHbIX CTPYKTYP

Clinical and morphological characteristics of patients in the group with primary retroperitoneal sarcomas
with invasion of renal structures

Bcs rpymma/ Hedpaxromun/ Hedponcbeperaromue
[Mapamerpsr/Parameteres Whole group Nephrectomy omnepanuu/
(n=64) (n=21) Nepfron-sparing (n=43)
Mysx/’Ken/Male/Female 26/38 7/14 19/24
Cpennuii Bo3pacT (min-max), et/ 57,56 + 12,6 o 55,32 + 13,45
Median age (min-max), years (31-80) Sl Sl =il (31-77)

Iucronornueckuii Tun/Histology type

JInnocapkomsr/Liposarcoma 38 (~60 %) 16 (76 %) 22 (51,1 %)
Jletiomnocapkoma/Leiomyosarcoma 11 (17,2 %) 2 (9,5 %) 9 (20,9 %)
Omnyxonu nepupepuieckux HepBOB, 000I04YeK
HEPBOB, HEHPOTCHHOTO TPOUCXOMKICHHS/ 9 (14,0 %) 2 (9,5 %) 7 (16,3 %)
Malignant peripheral nerve sheath tumor
Jecmonnnsie pudpoms/Desmoid tumors 1 (1,5 %) 0 (0 %) 12,3 %)
ITneomopdHas caproma (3mokauecTBEHHAS
(hubpo3Has THCTHOITUTOMA)/ 4(6,2 %) 0 (0 %) 4 (9,3 %)
Malignant fibrous histiocytoma
I'emanrnonepururoma/Hemangiopericytoma 1(1,5%) 1 (4,7 %) 0 (0 %)

Ipumeuanne: TabnuLa COCTaBICHA aBTOPAMH.

Note: created by the authors.

muocapkomsl, 14,0 % — omyxonu nepudepuaeckoit
HEPBHOM cHCTEeMbI U ap. (Tadm. 1).

Crenyer OTMETUTh, YTO B HALIEM HCCIEIOBAaHUN
He(PIKTOMUS BBITIOIHIACH HE 1O MPUHITUTHATB-
HBIM TIOKa3aHUsIM, KOT/Ia TIOYKa ylajsieTcs B COCTa-
BE KOMIIApTMEHTAa, HE3aBUCHMO OT TOTO, BOBJICYCH
OpraH, €ro CTpYKTYpbl MJIM COCYABI B OIyXOJEBBIN
IIPOIIECC WIIH HET, B UM, COOCTBEHHO, F 3aKJTFOUAETCS
MaKCHMaJIbHO PaJMKAIBHBIN TOAXOA XUPYPTHH pe-
TPOTICPUTOHEATBHBIX CAPKOM. MBI MTpUIEpPKUBACMCS
OPTaHOCOXPAHSIONICH TAKTUKH, © HEQPIKTOMUS BbI-
TMIOJTHSUTACH TOJBKO MPH BOBIICUCHUU B OITYXOJIEBBI
MpoIecc MOYKN OO ee CTPYKTyp (MOUETOTHHUKA,
COCYZIOB BOPOT ITOYKH), KOTJIa UX HEBO3MOXKHO OBLIO
COXpaHuTh MO0 OTCYyTCTBOBaNA (DYHKLUS MMOYKH, U
ee arpouu NpH JUIMTEIBHO CYLIECTBYIOIIEM OJIOKEe
MOYETOYHWKA W/WIIA COCYTUCTBIX CTPYKTYp. B psne
CIIy4aeB Ha TPEIONEePAIMOHHOM 3Tarle 0TMEYajoch
peskoe HapyuieHue (YHKIIMH BOBJICUEHHOW MOYKH
n3-3a 00CTPYKIMHM MOYEBBIX IyTel, HO OCBOOOXKIe-
HUE 3TUX CTPYKTYP U3 OITyXOJEBBIX MACC MTO3BOJIHIIO
BOCCTaHOBUTD BBIJICTUTEIFHYIO (PYHKITUIO TIOYKH IIPH
ycnoBuu oTcyTcTBUs ee arpoduu. Kpome toro, y 1
nanueHTa ¢ He(pIKTOMUEH B aHaMHe3e 10 TOBOIY
paka To4KH MpUMeHeHrne HedpoHcOeperaromiei Tex-
HOJIOTHH OKa3aJI0Ch )KU3HEHHON HEOOXOIUMOCTHIO B
CBSI3U C TEM, YTO JIpyTas MouKa OblIa yJaieHa paHee
10 TIOBOAY JIpyroi naronorud. [1o HamemMy MHEHHIO,
npuMeHeHne HepoHcOeperarmmux TeXHOIOTHH
OTIPaBJIaHO, TaK KaK PUCK Pa3BUTHUS pElUIUBA 3a-
OoJieBaHMsI BBICOKHUH, KaK MPAaBUJIO, HE3aBHCUMO OT
paIuKaIbHOCTH OTEpalii, U B JaJbHEHIEM Malu-
€HTY, BO3MOXHO, Oy/lleT HEOOXOAUMO TPOBOJIUTE H

CUBUPCKIY OHKONOTMYECKW XXYPHAT. 2024; 23(4): 32-44

MIOBTOPHBIE OIEPALINH, U CHCTEMHYIO XUMHOTEPAIIHIO,
a B CJTyJae BBIMTOHEHHSI [INTOPETyKTUBHOM ONlepaIiy
(R2) BrImotHeHNE HEPPIKTOMUH HETIEIECO0OPa3HO.

B rpynmne HedpoHcOeperawommux TEXHOIOTUN
(n=43) y 29 G0JBbHBIX TPOBOIUIOCH MPELU3NOHHOE
BBIJIEJICHUE TTOYKH, MOYETOYHHKA U COCYIHCTHIX
CTPYKTYp TIOYKH W3 OMYXOJIEBBIX y3JIOB, HE HAapyIIas
MIPU ATOM HEIOCTHOCTHU Karcyisl onyxonu. CTeHTu-
pOBaHHE MOYETOYHHMKA Ha JOOMEPALMOHHOM dTare
WJIM BO BpEMsl OTlepalny BhINIOJIHEHO B 10 Habmome-
HusAX. CTEeHTHPOBAaHHWE HA JAOOTEPAIIMOHHOM JTare
BBITIOJHSIOCH TPU IIUCTOCKOIUH, €T0 IIeJIbI0 ObLIa
Jy4Ilas BU3yaJU3alysl MOUYETOYHHUKA B OITyXOJIEBOM
WJIH CITA€YHOM ITPOLIECCE, OHAKO B PAJIE CIIyYaeB MPH
BBIPQKEHHOM CTEHO3€ M U3BUTOCTHU X012 MOYETOUHUKA
B IUIOTHBIX OTYXOJIEBBIX Maccax CTeHTHPOBAaHUE MO-
YETOYHMKA Ha JTOOTIEPAIIMOHHOM dTare MOXKeT ObITh
OIacHBIM H3-3a pucka nepgopaunu. MaTpaonepanu-
OHHOE CTEHTHPOBaHUE MPOU3BOIWIOCH, KaK IpPaBU-
JI0, TIPH HEOOXOIMMOCTH PE3EeKIIMH MOYETOYHHKA U
(bopMHpPOBaHNN aHACTOMO30B OPIraHOB MOYEBbIIEIIH-
TEJILHON CHCTeMBI. B pyrux ciryyasx kareTepu3anus
MMeTa IeITbI0 He TOJIBKO BU3YaJIM3UPOBATh, HO U CO3-
JIaTh KapKac 11 MOYETOYHHKA, TTIOCKOJIBKY 3a9acTyI0
M0 Mepe POCTa OIYXOJIM MOUYETOYHHUK PACTATHBACTCS
U YAJUHSETCS, CTEHKH €r0 CTAHOBATCS TOHKMMHU U
Ooee noaBePKEHHBIMU MUKPOLIMPKYJIATOPHBIM Hapy-
MICHUSIM C BO3MOXKHBIM 09aroBbIM HEKPO30M CTEHKH.
CreHTHpOBaHNE MOYETOYHHUKA TMPenynpexaaeT 00-
CTPYKIIMIO MOYEBBIX ITyTEH BCIEICTBHE €ro neperunda
B MIOCJICONEPAIMOHHOM TIEPUOJIE.

Pesexnust oYKW MTpW UHBA3UHM B TTAPEHXHUMY BEI-
moJTHeHa 3 OOJTBHBIM, Y 2 TTAITUCHTOB B BUJIC YaCTHYHON
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MpumeHeHne HedhpoHcOeperarLWmMx TEXHONOMM

Nephron-sparing technologies

BapuanTs! HepoHCOEPErarouX TEXHOIOTHiA/
Nephron-sparing technologies

[Tperu3noHHOE BBIICICHHE TOYKH, MOYETOUYHHKA U COCYMCTBIX CTPYKTYP ITOYKH U3 OITyXOJie-
BBIX y37I0B/

Ta6nuua 2/Table 2

KonnuecTBO BBITOITHEHHBIX
XUPYPTrHISCKUX TIPUEMOB/
Number of surgical procedures

Precision mobilization of the kidney, ureter and vascular structures of the kidney from tumor 29
tissue
Pezexnus mouxu/Partial Nephrectomy 3
Pesexunst HIIB w/min ycTheB MOYEUHBIX BEH C aHTHOIUIACTHKOMN/ 2
Resection of V. cava inferior and/or renal veins’ resection with angioplasty
AyrotpancmranTanus mouku/Kidney autotransplantation 2
BapuanThl ¢ pezexuuneii Mo4eToYHHKa/0B ¢ (JOPMUPOBAHUEM YPETEPO-ypPETEPOAHACTOMO30B,

YPETepo-TNeI0aHacTOMO3a, yPEeTepO-IUCTOAHACTOMO3a, YPETEPOKYTAHEOCTOMHS/ 7

Options with resection of the ureter with the uretero-ureteroanastomosis, uretero-pyeloanasto-

mosis, uretero-cystoanastomosis, ureterocutaneostomy

Bcero/Total 43

HpI/IMB‘IaHI/IeZ Ta6n1/1ua COCTaBJIEHA aBTOpaMH.

Note: created by the authors.

WJIY TTOJHOM AEKAIICYJISLIUU, Y OAHOTO — B BUJIE PE3EK-
uu mapeHxumsl. [Ipn mmanoBoM Mopdorornyeckom
HCCIICA0BAHUM ONEPALIMOHHOIO Ipenapara oTMeya-
JIOCh UCTUHHOE BPaCTaHUE OITyXOJIH B KaIICYJly IIOUKH,
OIIyXOJIb UMEJIA CTPOCHUE JIEHOMUOCAPKOMBI.

[Ipu BOBIEUEHHH MOUYETOUHHMKOB Ha Pa3zHbIX
YPOBHSIX, HE MO3BOJISIOIIEM BBIACIUTh UX HU3 OIY-
XOJIEBBIX Macc, MPUMEHSIUCH pa3jIuyHble BapUAHThI
PE3EeKINU MOYETOYHUKOB ¢ (POPMUPOBAHUEM YPETEPO-
YPETEpOaHaCTOMO30B, YPETEepO-IIHEI0aHACTOMO3,
YPETEPO-LIUCTOAHACTOMO32, YPETEPOKYTaHEOCTOMUU.
Omnepariu 3TOro TUIA BHITIOIHEHBI Y 7 00mbHBIX. [1pH
(hopMHpOBaHMM aHACTOMO30B CTEHTHPOBAHUE MOYE-
TOYHHMKA TPOBOJAUTCS B 0053aTEIBEHOM MOPSIKE ISt
[PEIOTBPALLEHUS CTPUKTYPbI COYCThsl. Pe3ekiiust Hux-
HEW MOJI0M BEHbI U YCTHEB MOYEYHBIX BEH C MOCIEAYI0-
IIeH aHTMOITACTUKON MTPOBE/ICHA y 2 OOJBHBIX; eIIle
2 manueHTam BhinoyiHeHo yuanenue PIIC Gombimx
pa3sMepoB C MOCIEIYIOIMNUM 3KCTPAKOPIOPAIbHBIM
YIIaJI€HUEM OITYXOJIEBBIX MAacC 1 )KMPOBOU KJIETUATKH,
OKpY>KaroUleil opras, U ayTOTPAHCILIAHTAUEN TOUKH
(Tabm. 2).

Pesynbrarsl

YacToTa nocieonepaiuoHHbIX OCIOKHEHUN B
rpymnre Hedpakromuii U HehpoHcOeperarommx onepa-
it — 17 (26,5 %): B rpynne nHedgpakromuii — 19,0 %
(4 martmenta, Trmel 11, I1IB, IV u V o Clavien—Dindo),
B rpynme HegpoHcOeperaromux onepanuii — 30,2 %
(13 martuenToB: Tumsl 1 -8, IIA—-1,11IB—-3,1V—1);
JIETaJbHBIX UCXOJ0B He ObLIO (Tabm. 3).

Ha MoMeHT uccnemoBaHus MPOCIEKEHHOCTh OT-
JAJICHHBIX pe3ynbratoB cocTtaBuia 97 %. Cpemsss
MIPOAOKUTEILHOCTh O€3PEeIMINBHOTO MEpPHOAa BO
Bceil rpynmne u3 64 mauuentos ¢ PIIC ¢ BoneueHueM
TIOYKH U ee CTPYKTYp cocTaBmia 31,2 mec (Meanana —
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24 mec). [Ipu mocnemyromiemM HaOIIONEHNH B CPOKH OT
3 1o 84 mec nuarnoctuposad 31 (48,4 %) peuunus
y 64 OonbHbIX. OHOTOAMYHAST OE3peIUAUBHAS BbI-
)kuBaemMocTh cocraBuia 70,0 %, 3-nmetuss — 50 %,
S-netHsAst — 40 %. Ilpu cTatucTUUECKOM aHAIU3e
MOATPYII ¢ HePpIKTOMHEH U HeQpOHCOEpEraroIux
orepaunii paHua B 0e3pelMIUBHON BBDKHBAEMO-
CTH CTaTUCTUYECKH HenocToBepHa (puc. 1). Takum
o0Opa3oM, mpuMeHeHue HehpoHCOepeTatoNX TEXHO-
JIOTUH HE BIMSACT Ha OC3pEIUINBHBIN TIEPHO TTOCIIE
XUPYPrHUSCKOTO JICUCHHUS TAIIUSHTOB C BOBJICUCHUEM
B OITYXOJICBBIN TIPOIIECC IMOYKH U €€ CTPYKTYP.
MHorue uccienoBaHus TMOKa3alu, YTO YacToTa
permuauBoB PIIC 3aBucHT, Ipexe Bcero, oT Mopdo-
JIOTMYECKOTO CTPOSHHS OITYXOJIU U €€ OHOJIOTMYECKOM

KpuBsas Bbixusaemoctn Kaplan-Meier
Based on Kaplan-Meier estimates

0.75

0.50

Kputepuit norapudmudeckoro paHra -
Log-rank

p=055

025

0.00

0 12 24 36 48 60
Bpems, mec. Time, months

—— [pynna Hedpaktomuit Nephroectomy group

—==Ipynna Hedpocbeperatowmx onepaumnit  Nephron-sparing group

Puc. 1. CpaBHutensHas 6e3peLnavBHas BbDKMBAEMOCTb B rpyn-
nax HedppakToMuii 1 HedpoHcbeperatoLmx TexHonorunn (p=0,55).
MpvMedaHue: rpadmk BbIMOMHEH aBTopaMm
Fig. 1. Comparative disease-free survival in the groups of nephre-
ctomy and nephron-sparing surgery (p=0.55). Note: created by
the authors
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Ta6nuua 3/Table 3

I'Iocneonepau.MOHHble OCJTOXHEeHUusA

Postoperative complications

Karer opus 1mocJje-
OII€PALTMOHHBIX

OCJIOXKHEHUH T10
Clavien—Dindo/

Hedpakromun/
Nephrectomy (n=21)

Clavien—Dindo’s

Hedponcoeperaromue
orepanuu/
Nepfron-sparing (n=43)

grades
8 (IIHEBMOHHH, TIOCIICONEPALHOHHBIC TEMAaTOMa, KYITHPOBABIIHECS
KOHCEPBAaTHBHO, HEBPOJIOTHYECKUE HAPYIICHHS TEPAIICBTHYECKOTO 1 (ZBYXCTOPOHHSIS
1I criekrpa)/ [THEBMOHH1 )/
8 (pneumonia, postsurgical hematoma, relieved by conservative treat- 1 (bilateral pneumonia)
ment, neurological disorders of the therapeutic spectrum associated)
1 (moceonepannoHHBII TAHKPEATHT, 04aroBbIil TAHKPEOHEKPO3, Ape-
1A HUPOBAHHUE IO/l MECTHOM anectesuei noy Y3M-HaBurarnueit)/
1 (postoperative pancreatitis, focal pancreatic necrosis, minimally inva-
sive drainage with ultrasound navigation under local anesthesia)
3 (2 — 1ecTpyKTUBHBIN TAHKPEATHUT, O4aroBblii IAHKPEOHEKPO3:
1 — OC/IOKHUBILMIICS KHIICYHBIM CBHUIIEM, | — appoO3UBHBIM KPOBOTE-
4yeHueM; | — TpoM003 apTepHaibHOro aHacToMo3a OeJpeHHON aprepur, 1 (BHYTpHOPIOIIHOE KPOBOTEUEHHUE, PENAapoTo-
B 1oTpeOOBaBILMI aMITyTallMM HHXKHEH KOHEYHOCTH)/ must)/
3 (2 — destructive pancreatitis; focal pancreatic necrosis: 1 — with 1 (intra-abdominal bleeding,
intestinal fistula complication, 1 — with arrosive bleeding; 1 — arterial relaparotomy)
anastomosis’ thrombosis of femoral artery, requiring lower extremity
amputation)
1 (ocTpoe HapyIIeHHe MO3rOBOTO KPOBOOOPAIIEHHMS, 1 (ocTpsIit HH(ApPKT MUOKapAa,
v CONPOBOK/IABIIEECS SMHISTTU(GOPMHBIM [PUCTYTIOM )/ repeBe/ieHa B KapIHOJIIOrHYECKUiA CTalnoHap)/
1 (acute cerebrovascular accident accompanied by an epileptiform 1 (acute myocardial infarction, transported to a
attack) cardiology hospital)
1 (HECOCTOSITEIBHOCTB JKETYJOYHOTO AaHACTOMO3a,
nephoparust KHIIKH, IIEPUTOHHT, TOJIHOPraHHas
\' — HEZI0CTaTOYHOCTB)/

1 (gastric anastomosis leakage, intestinal perfora-
tion, peritonitis, multiple organ failure syndrome)

Ipumevanue: TabnumIa COCTaBICHA ABTOPAMH.

Note: created by the authors.

Kpusas sbikusaemocTtn Kaplan-Meier
Based on Kaplan-Meier estimates
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Log-rank:
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Boswsiaee: e, Hiohths Pwuc. 2. BespeunarBHas BbXMBAaEMOCTb B 3aBU-
———  unocapkoma liposarcoma CUMOCTM OT TMCTONOINMYECKOro CTPOEHUA Onyxonu.

Neiiomuocapkoma leiomyosarcoma

Onyxonu TkaHu nepudepuueckux Hepsos  malignant peripheral nerve sheath tumor
Femanr: icytoma

n b

MprMeyaHwne: rpadmk BbIMOMHEH aBTopaMm
Fig. 2. Recurrence-free survival depending on the
tumor histology.
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desmoid tumors

TeeHHan Gpub,

rucTuoupToma) malignant fibrous histiocytoma

Jecmongran dpubpoma

Note: created by the authors

arpeccMBHOCTH. B HalleM ncciie10BaHuH IPH aHAIN3e
BIIMSTHUS THCTOJIOTMYECKOTO THIIA OIyXOJIN Ha Oe3pe-
LUIMBHYIO BBDKHMBAEMOCTb BBISIBIICHBI 3HAUMMBIC Pa3-
maust (p=0,0079): camblii KOpOTKHUil Oe3peLTUBHBIH
reproi HaOIoacs y OOMBHBIX C TUIEOMOP(HBIMHI
capkoMaM¥ (paHee M3BECTHA KaK 3JI0KaueCTBEHHAs
(bnbpo3Has THCTHOIMTOMA) U JIUTIOCAPKOMaMHU (BBUIY

CUBUPCKIY OHKONOTMYECKW XXYPHAT. 2024; 23(4): 32-44

HEeOOJIBIION YUCIIEHHOCTH TPYII BBISIBIICHUE 3aBUCH-
MOCTH OT cTereHn mudGepeHIInpoBKY HE TIPEICTaB-
JIIETCSI CTAaTUCTHYECKH JOCTOBEPHBIM) (pHcC. 2).

Psi;1 aBTOPOB BBISIBUJI, UTO YaCTOTA PEIIUIUBOB J10-
CTOBEPHO BBIIIIE PH HETIOCPEACTBEHHOM BOBIICUCHHUH
B OITYXOJIEBBIM MPOIIECC OJHOTO HIJIM HECKOIbKUX
opranos [3, 7, 8]. Hama BbeIOOpKa CpaBHUTEIBHO
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KpuBas BbikuBaemoctu Kaplan-Meier
Based on Kaplan-Mewer estmates

Kputepuit norapudmuueckoro paura
Log-rank
p=053

24 3¢ 48 &
Bpems (mec.) Time, months

— [pynna Hedbpaktomuis Nephroectomy group

=== [Ipynna Heppocbeperatowmx onepaunit Nephron-sparing group

Puc. 3. CpaBHuTenbHasA obLas BbhKMBAEMOCTb B rpynnax He-
pakTomuin 1 HedppoHcbeperatowmx TexHonoruii (p=0,53). Mpu-
MeyaHwve: rpadmvk BbINMOMHEH aBTopamm
Fig. 3. Comparative overall survival in the groups of nephrectomy
and nephron-sparing surgery (p=0.53). Note: created by the
authors

HeOOoJIbINas, U JIOCTOBEPHO OLIEHUTH 3aBHCHUMOCTD
YacTOThl PEUUAMBOB OT T€X MJIM MHBIX MPUYHH 00b-
EKTHBHO HE MPE/ICTABISAETCS BO3MOKHBIM, TOCKOJIBKY
PIIC mocraTodno pa3HOPOAHBI IO MOPPOIOTHIECKUM
XapaKTepUCTHKaM, paclpOCTPaHEHHOCTH IIpoIecca,
00bEMY XUPYPrHYECKOTO BMEIIATEILCTBA U T.1.
OO0wias cpeaHsst NPOJOIKUTEIBHOCTD XKHU3HH I10-
cJIe JIeYeHus BO Bcell rpymme (n=64) cocraBuna 39,1
Mec, Meauana — 32 mec. Ha MOMEHT ucciieoBaHust
JKUBBI 36 ManneHToB (13 62 IpOCISKEHHBIX ), YMEPIIO
23 (36 %) GombHBIX B cpoku oT 0 10 96 mec. OaHo-
rOInYHAast BLDKUBAEMOCTh BO BCEH TPYIIIe COCTaBHIIA
84,1 %, 3-metuss — 65,9 %, 5-nmerusas — 51,4 %. [pu
CTaTUCTHYECKOM aHaJM3e TOATPYII HEPPIKTOMUN
u HepoHcOeperaomMX onepaunii pazHuna B 00-
el BBDKMBAGMOCTH CTAaTUCTHYECKH HEJOCTOBEPHA
(puc. 3). Ilpu ananu3e BIUSHHUS THECTOJOTHYECKOTO
THUTIA OMyXOJIM Ha Oe3pElUIMBHYIO BBDKHBAEMOCTD
BBIABIICHBI 3HaunMbIe paznuuus (p=0,0083): camas

OoJIbIIast MPOAOIKUTENILHOCTD BBISIBIICHA Y OOJBHBIX
C JIMTIOCAPKOMaMH M OIYXOJISIMH M3 000JI0UEK MepH-
(heprueckux HEPBOB, a HanbOIIee HEOIATOIPUATHBIH
IIPOrHO3 MMEJIM OOJIbHBIE C JIGHOMHOCApPKOMaMU U
ruieoMopHBIME capkoMami (puc. 4). Omyxosnb, ume-
I0I1IAs1 CTPOEHHE TeMaHTHOTIEPUIIMTOMBI, HAOIoIaach
y 1 OonbHOTO, MALIMEHT KMUB B HacTosIIee BpeMs 0e3
MPU3HAKOB PELMINBA OITyXOJIH.

[pu ananm3ze paxTopoB pucKa HEOIATOMPHUSTHOTO
UCXO0JIa BBISIBIEHA TOCTOBEpHAs CBSI3b C BO3PACTOM
(HR 1,05,95 9% CI [1,01, 1,08], p=0,009). [Toporosoe
3HAUYCHHE COCTaBWJIO 64 Toma. Y OOJBHBIX CTapIe
9TOTO BO3pacTa 3HAYMMO IMOBBIIIAETCS CMEPTHOCTH
B XOJI¢ IMHAMUYECKOTO HaONIOACHUS TOCIe XUPYp-
ruueckoro jedeHust nepsudHoi PIIC, cBsi3anHas
KaK C PEeLUIUBOM IIpolLecca, TaK U HAJIUYUEM CO-
nmyTcTBytomei naromoruu. Ilpu mymprrudakropHom
aHanm3e (GaKkTopoB, BIUSIOIINX Ha OOLIYIO BEIKHBAC-
MOCTb, TaKK€ BBISBIIEHA CBA3b MEX/y TOKa3aTeIsIMU
Bozpacta (p=0,026), TUCTOJIOTHIECKUM CTPOCHHEM
(teomopdrast capkoma (3710KadecTBeHHAS HUOPO3-
Hasg ructuonuroma), p=0,005). Taxxe oTMeueHa TeH-
JICHIIUS K YMEHBIICHHUIO BBKUBAEMOCTH Y OOJIbHBIX C
netomuocapkomoii (p=0,066) (Tadm. 4).

Hedponcoeperaromue oreparuu Ipy PemuInBax
(n=23) BBIMOMHAINCH MPHU CIEAYIOMNX CUTYAIUAXK:
KaK OpraHOCOXpaHsIOIINE ONepalui IpU pajuKalb-
HOM yJaJIeHUHU pelUANBHON OITyxomH (n=5); B ciryyae,
€CIIY OJJHA TI0UKa OblIa yrKe yAaneHa IpH IPEAbIIyIIHX
BMerrarenbeTBax (y 16 u3 23 manuenToB — HepIK-
TOMHSI BO BpeMsl MepBoii oneparuy, emie y 10 — npu
MOCIIEAYIOUINX PELMNBAX ); TPH ONEPALIUAX [IUTOpe-
JTYKTHUBHOTO XapaKTepa ¢ LEJb0 YIyqLICHHUs KaueCTBa
JKU3HU [10CJIE 3aBEI0OMO HEPaIUKaJIbHON ONlepalii, B
TOM YHCJIE C BO3MOKHBIM MOCIIETYIOIINM ITPOBEIECHHU-
eM cucTeMHOM xumuotepanun (n=2). Hedpaxromus
npu penuauBax H30 BeImonHsIachk B 00N CIIOK-
HOCTH Y 26 00nbHEIX ¢ penmauBamu H30 (BHE 3aBU-
CHUMOCTH OT TOTO, KaKOH 10 cYeTy OB PEIU/INB).

Kpslgsaﬂ sbiKMBaemoctn Kaplan-Meier
sed on Kaplan-Meier estimates

1.00

0.50

KpuTepuii norapudmMuyeckoro paHra

Onyxonv TkaHu nepudepuyeckux Hepsos
FemaHruonepuumToma hemangiopericytoma

JecmoupHan dpubpoma  desmoid tumors

Log-rank
0.25
p =0.0083
0.00
0 12 24 36 48 60
Bpems, mec. Time, months
o Nunocapkoma  liposarcoma
"""" Neliomuocapkoma  leiomyosarcoma

malignant peripheral nerve sheath tumor

MneomopdHan capkoma (paHee 3nokauectseHHan pnubposHan rucTuoupmtoma) malignantfibrous histiocytoma

Puc. 4. O6las BbXMBAeMOCTb B 3aBU-
CUMOCTM OT FMCTONOrMYECKOr0 CTPOEHUSI
onyxonu. lNMpumeyaHue: rpaduk
BbINOSTHEH aBTOPaMU
Fig. 4. Overall survival depending
on the tumor histology.

Note: created by the authors
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Ta6nuua 4/Table 4

MynbTudakTopHbI aHanU3 NpeaMKTOPOB HEGNaronpUATHOro NPOrHo3a xmpypruveckoro neyveHus PrcC
C BOBJI€YE€HMUEM MOYKU U €€ CTPYKTYpP
Multifactor analysis of poor prognosis predictors in surgical treatment of retroperitoneal sarcomas
involving the kidney and its structures

Yucino 60bHbIX/
Number of patients
47 (75,8 %)

15 (24,2 %)

HR (MoHOdaKTOpHBIIT)/
HR (monofactor analysis)

1,05 (0,42-2,65, p=0,909)

HR (MynbTrdakTopHbIit)/
HR (multifactor analysis)

1,63 (0,57-4,69, p=0,363)

IToxkazarens/Categories
OcrnoxxHeHus1/ Her/No
Complications Ha/Yes

Hedponcbepera- Ja/Yes

folIast onepars/

Nephron-sparing Her (nedpakromunn)/

No (total nephrectomies)

42 (67,7 %)

20 (32,3 %)

1,28 (0,59-2,81, p=0,534) 2,07 (0,76-5,60, p=0,154)

surgery
V) _ —
Hom/Gender JKen/Female 36 (58,1 %)
Mysx/Male 26 (41,9 %) 1,16 (0,54-2,53, p=0,700) 1,45 (0,62-3,43, p=0,394)
Jlunmocapkoma/Liposarcoma, 36 (58,1 %) - -
Jletiomnocapkoma/ o _ 3,46 (0,92-12,98,
Leiomyosarcoma 11 (17,7 %) 1,35 (0,45-4,08, p=0,595) p=0,066)
[Mepudepuueckue HepBbl/
Malignant peripheral nerve 9 (14,5 %) 0,33 (0,08-1,45, p=0,142) 0,63 (0,13-2,99, p=0,563)
sheath tumor
l'ucronorwust/
ety réf;‘;lﬁﬁ;‘éﬁi‘?ffﬁf 1 (1,6 %) 0,00 (0,00-Inf, p=0,998) 0,00 (0,00-Inf, p=0,998)
3110Ka4eCcTBeHHAS
rucrouuTroma/ 4(6,5 %) 5,16 (1,60-16,60, 7,58 (1,86-31,00,
Malignant fibrous =70 p=0,006) p=0,005)
histiocytoma
Jecmonn/Desmoid tumors 1 (1,6 %) 0,00 (0,00—Inf, p=0,999) 0,00 (0,00—Inf, p=0,999)
Bospact/Age Cpennee (SD)/Average 57,5 (12,7) 1,05 (1,01-1,08, p=0,009) 1,04 (1,00-1,08, p=0,026)

IIpumeuanue: Tabnuia cocTaBieHa aBTOPAMHU.

Note: created by the authors.

Oo6cy:xneHue

B coBpeMeHHOM TuTEpaType HET €AUHOTO MHEHUS
OTHOCHUTEIIFHO TeNIecO00Pa3sHOCTH MPUMEHEHUS He-
(hpoHcOeperarnmx TEXHOJIOTUH. Psyi aBTOpoB 000-
CHOBBIBAeT HE(POHCOEPETAIOIIHIA TIOAXOJ TEM, UTO Y
OOJIBIIIMHCTBA AIMEHTOB HE(hYPIKTOMUS BBHITIOTHSACTCS
0e3 NCTUHHON WHBA3WM OIMyXOJH B MOUKy. P. Russo
et al. (1997) [7] na matepuasne 75 namueHToB u3 371
¢ PIIC, koropsiM ObLia mpou3BeneHa HEPPIKTOMHUS
P yJAJICHUU OCHOBHOMW OITYXOJIH, MPOAEMOHCTPH-
POBaJIH, YTO MHBA3WS MOYETHOH Karcynsl Obiay 15 %
MalMeHTOB, UHBA3Us B MOYCYHYIO MAPCHXUMY — Y
9 %, nHBa3Ms B TIOUEUHYI0 BeHYy —y 3 %. Y O0oJbIIMH-
cTBa manueHToB (73 %) mpsimMasi TIOYeYHass WHBA3HS
OTCYTCTBOBAJIA.

ITo manueiM N. Ikoma et al. (2018) [8], u3 83 mna-
[IMEHTOB, BKIIFOUCHHBIX B HMccienoBanue, 76 (92 %)
OOJIBHBIX TMOJBEPIIIUCHh PATUKAIBHOMY YIAJICHUIO
ormryxonu (RO/R1), pe3eKiun cMeKHBIX OPTaHOB BbI-
nosHeHb! B 38 (46 %) ciydasx, mpu 3TOM HHBA3Hs
pe3eLMPOBAHHOIO OpPraHa/OpraHoB HaOJOAAIACh Y
6 (7 %) narrieHToB. PacueTHast 00111ast BEDKMBAEMOCTD
cocraBmia 11,3 roma (5-JIeTHSAS BBDKHBAEMOCTDH —
86 %), OesperuanBHAs BBDKHBAEMOCTh — 5,4 Tonma
(5-netHsist Ge3pennanBHAS BEDKHBAEMOCTh — 51 %).

CUBUPCKIY OHKONOTMYECKW XXYPHAT. 2024; 23(4): 32-44

[Ipn MHOTO(AKTOPHOM aHAIM3E yCTAHOBIEHO, YTO
PE3EKINs CMEKHOTO OpraHa He CBs3aHa C YydIle-
HueMm obmiel BeikuBaeMocT (OB) (p=0,428) win
oe3pennauBHoi BenkuBaemoctu (bB) (p=0,946), a ee
OTCYTCTBHE CBS3aHO C MEHBIITUM PHUCKOM ITOCIIEOTepa-
IHOHHBIX ocnoxHeHni (p=0,01). MccnenoBanue moka-
3aJ10 OTCYTCTBHE IIPESUMYIIIECTBA 10 OS3PEIUIUBHOM U
0011e# BBDKUBAEMOCTH ITPH MYJIETHOPTaHHBIX PE3CK-
UsX y OONMBHBIX ¢ BhICOKOAM(QEpEHITPOBAHHBIMH
JIUTIO CAPKOMAMH TTPH OTCYTCTBUH HCTUHHON HHBA3UN
omyxoid. B 3ToM citydae aBTOpbI pEKOMEHIYIOT MPO-
BEJICHUE OPTaHOCOXPAHSIONINX ONepaIuii.

Psim aBTOpOB BEICTYMaeT MPOTUB HEPPIKTOMUH
M3-32 TIOTEHIIMAIBHOTO JO0ITOCPOYHOTO PUCKA XPO-
HIgeckoro 3aboneBanus nodek (XbII), TpeOyromiero
B JIAJIbHEHIIIEM Aualiu3a U OTPAaHUYEHUM MpU Ha-
3HAYEHWU CUCTEMHOW XuMHoTepanuu. Mmerorcs
coo0MIeHNs 00 M3MEHEHUAX (YHKIUHU TIOYEK ITOCie
He(PIKTOMHUH, BBHIMOTHEHHON MO pa3HbIM MPUYH-
Hawm, B ToM uucie ripu PIIC. C. Cho et al. (2017) [9]
B CPABHUTEJILHOM HCCIEAOBAHUU, BKIOUaBiieM 114
MAI[MEHTOB, OJTHOBPEMEHHO aHAJIM3UPOBAIN OHKOJIO-
THYECKHE Pe3yIbTaThl  (DYHKIINIO OCTABIIEHCS TOUKH
nociie He(YPIKTOMHUU eTMHBIM 0JIOKOM 110 ooy PTIC
(n=65) 1o cpaBHEHUIO C pe3eKiuei 6e3 HeppIKTOMIH
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(n=49). ABTOpBI TP HCCIIETOBAHUH CKOPOCTH KITy00U-
kxoBo# rpTparnuu (CKD) B pa3muyHbie CPOKH 10 U
IOCJIE OTEPaliy OIEHUBAIIN CTEIIEHb KOMITEHCAITUI
¢GyHKIMK ocTaBiIeiics MoukH. B Teuenne mepuona
HabmoeHus, paBHOTro 29 Mec, MeMaHa rnocieonepa-
nnonHoit CK® B rpynme HeppIKTOMUHN CHU3HUIIACH JI0
73,5 % otHOCHTENBHO nooneparmonHoit CK®D. V 38
(58 %) manmeHTOB HAOMIOMATOCH IPOTPECCUPOBAHUE
craguu XbIl nmocne HepIKTOMUM, HO HA Y OFHOTO
MalMeHTa OHa He Iepeliula B TEPMUHAIIBHYIO CTAANIO
MOYEYHON HEAOCTATOYHOCTH. B TO e Bpems y naiu-
€HTOB Tocje HePPIKTOMUH OTMEYAIUCh 3HAYUMBbIe
MIPEUMYILECTBA JIOKAJIbHOTO KOHTPOJIS 110 CPAaBHEHUIO
¢ rpymnmoii 6e3 Heppakromun (p=0,048).

W.W. Tseng et al. (2014) [10] na marepuane 247
MAIUEHTOB C TIEPBUYHBIMH UITH PEIUANBUPYIOITUMHU
peTponepuToOHeaIbHBIMHU JIUITOCAaPKOMaMH MOKa3ally,
410 y 34 % nanueHToB 3a001eBaHIe HOCUIIO MYJIBTH-
(okanbHbII Xapakrep pocta. Cpeay MaueHToB ¢ Iep-
BHYHBIM MOHO(OKATHHBIM POCTOM OIyXOiu Yy 57 %
3a00JeBaHNe TPOTPECCUPOBAIIO O MHOTOOYaroBOTo
JIOKOPETrHOHAPHOTO 3a00JeBaHMs C MOCIEAYIOMINM
PELMINBOM IOCIE XUPYPIrHUECKOTO JICUEHUS], B TOM
gucney 11 % — ¢ HOBBIMH OITyXOJISIMU BHE UCXOHOTO
noJist pe3eKun. MynbTr()aKTOPHBIM aHATN3 TOKA3al,
YTO HUKaKast KITMHUKO-TTaTOJIOTMUECKas MITH CBSI3aHHAs
C JICYCHUEM MIepeMEHHas, BKITI0Yast THCTOTUII OITyXOJIN
1 00beM oIepauny, He sIBJSUIACh IPEAUKTOPOM AajIb-
HEUIIero MyabTU(OKAIFHOTO WM «BHEMOJIBHOTO)
MIPOrpecCUpOBaHUS.

Hamporus, npyrue nccienoBareny AeMOHCTPH-
PYIOT Jy4IlIHE PE3yIbTaThl XUPYPrUYECKOTO JICUEHUS
PIIC ¢ ymanennewm nouxwu. J. Phu et al. [11] n3yunmnm
3¢ (EKTUBHOCTD XUPYPTUUESCKOTO JICUCHHUST OOJIBHBIX
¢ PIIC, ucxoasimumMu NpenMyIECTBEHHO U3 OKO-
JIOTIOYEYHOM KJIeT4YaTKU. ABTOPBI YTBEPKAAIOT, YTO
PE3EKIMsI CMEKHBIX OPTaHOB O€30I1aCHA U YIy4IlaeT
JIOKOPETHOHAPHBIN KOHTpOIb. VccnenoBanue BKITO-
yajio 79 manueHToB, y 68 — onepanus BbINOIHATIACH
¢ He(pokTOMEEH, 13 HUX 33 OOJNBHBIM MPOBEIEHO
COYETaHHOE YJJaJICHUE UJIM PE3EKLUsI APYIOoro opraHa
romumo nouku. Y 11 6onpubix ymanenue PIIC mpo-
BEJICHO 0€3 HE()PIKTOMHUH, ITPH 3TOM 2 OOJIBHBIM OIle-
pauus BbIIOJHEHa ¢ pe3eKuuneii apyroro oprana. [Ipu
MHBa3MM OIyXOJIX B APYr'Me OpraHbl, KPOME MOYKH,
Oe3pernuIMBHAs BEDKUBAEMOCTD OblIa 3HAUUMO HIIKE,
YeM MPU OTCYTCTBUHU TAKOBOM, BHE 3aBUCUMOCTHU OT
TOTO, BBITIOJIHSUIACH HE(YPIKTOMUSI MJTH HET. YlaJleHHE
3a0pIOLIMHHON OIyXOJIH ¢ HEe(PIKTOMHUEH 3HAYNMO
YIy4IIajgo JIOKaJbHBIM KOHTPOJb 1O CPABHEHUIO C
rpynmnoi 6e3 HeQpIKTOMUHU, HE3ABHCHMO OT TOTO,
BBISIBIISUIACH JIM MHBA3MUS B [TOUKY U €€ CTPYKTYPBI WIH
HET, B TeX CJIydasx, Korjaa He OblJI0 HHBa3UH B APYTrHe
COCEIHFE OpPTaHbI M CTPYKTYpHI [11]. ABTOpEI Takke
JIeTaroT BBIBOM, uTo Hedpakromus mipu H30, koTopeie
3a4acTyl0 MCXOMAAT U3 MepHUpEeHaTbHOM KIeT4aTKH,
SIBIISIETCSL MTOJIOKUTEIBHBIM TIPOTHOCTHYECKUM (hak-
TOPOM JIaK€ B TOM Clly4yae, €CJIM HCTUHHON UHBAa3UN
MTOYKHU HET.

40

ITo nammeim K. Karadayi et al. [12], S5-nerHss
BBDKHMBAEMOCTb AJIs1 BbICOKOAN((epeHIUPOBaHHBIX
noatunoB coctasisieT 90 %, mus nenuddepeHnn-
pOBaHHBIX — 75 %, TSI MUKCOUIHBIX/KPYTIOKIETOY-
HBIX JunocapkoM — 60-90 %, st meoMopdHBIX —
30-50 %. O4eBUIHO TaKXk e, UTO CMEPTHOCTh OT pe-
TPOTIEPUTOHEATFHBIX JINTTOCAPKOM SBIISETCS PE3yIb-
TaTOM JIOKaJbHOT'O PEIMINBA BCIIEICTBUE HETIOTHOMN
pPE3EeKIMU OMYyXOJEeBON Macchl M3-3a CI0XKHOCTH
muddepeHInany JIUIMOCAPKOMBI OT MPHJIETaoIen
HOPMaJIbHOM )KMPOBOW TKAHU U OTCYTCTBUSI aHATOMH-
YEeCKH BBIPAKEHHOH COCYINCTO-TUM(ATHISCKON HOXK-
KM OIYXOJI. DTO 3aTPY/HAET PauKaIbHOE yAaJIeHHEe
OITyXOJIU B ITpeZiesiax 370POBBIX TKaHEeH 0e3 pe3eKun
OpPTaHOB M CTPYKTYP, MPHUJIECTAIOMIHX K ormyxonu [13],
1 JINTIOCAPKOMBI, HanOoJIee CKIIOHHBIE K HHBa3WBHOMY
xapakTepy pocra, 0osee TpedoBaTebHbI K MOHOOIOU-
HOH (KoMIapTMEHTaIbHON) Xxupypruu [12, 14].

B 2003 1. S. Singer et al. [ 14] moka3anu, 4To HaIIU-
YHUe CPeN JTUTIOCapKOM HI3KoAu(DPepeHITIPOBAHHOTO
U nenuepeHInpPOBAaHHOTO BAPHAHTOB, a TAKIKE BO-
BJIEYEHHE CMEKHBIX C OITyXOJIbIO OPTAHOB CBS3aHbI C
MOBBILIEHHBIM PUCKOM MECTHOT'O PELIMINBA U YXY/ILLIe-
HUEM OT/IaJeHHBIX pe3ynbTartoB. Y 68 (38 %) uz 177
OOJIBHBIX C PETPONIEPUTOHEATHHBIMHU JIUIIOCAPKOMaMHU
ObL1a BRINONTHEHA HepakTOMHUsL. JInmocapkombl, 0co-
0eHHO BbICOKOIU(PEPEeHINPOBAHHBIE, KaK TPaBHIIO,
HE NMEJIM HICTUHHOM MHBA3UH B I0YEUHYIO [TAPEHXUMY,
B 9THX CJIy4asx IMOAXOJ 3aKJII0YAJICS B ylIaJeHUN Ha-
PYKHOM KariCymbl MOYKH JUIs TOCTHKEHUS «UUCTOTO»
XUPYPTrU4YECKOTo Kpas. B ciayuasx mupkyaspHOro
BOBJICUCHHUSI BOPOT MOYKU B OIIYXOJIEBBIH IpOLECC
OOBIYHO BBITIOJNHSIACH HeppIkToMust. Onupasich Ha
JAaHHBIE MHOTO()aKTOPHOTO aHAJIN3a, aBTOPHI JCTIat0T
BBIBOJL, YTO AJIs1 JOCTHUKEHUS PAUKAIN3Ma Ollepariy
MOXET MOTPeOOBaTHCS BBHIIOJIHEHUE HEPPIKTOMHH,
HO OHAa HE OKa3bIBA€T 3aMETHOTO BIMSHHS Ha OOIIYIO
BBDKHBaeMOCTb [ 14].

JlaHHas Tema UccieI0BaHNH MOJTy4nIIa POI0JDKe-
Hue B padore S. Bonvalot et al. (2009) [15]. ABtopsr
U3YYMJIM NPOTHOCTUUYECKHE (DAKTOPBI, BIUAIOIINE
Ha Oe3peIUJIUBHYIO0 M OOIIYI0 BBDKHBAEMOCTh IMPH
PIIC Bcex ruCTOTUIOB B IpyMIe, COCTOSBIIEH u3 382
MaIreHToB. MynbsTH(haKTOPHBIA aHAJIN3 TTOKa3aTeNeH,
ACCOLIMMPOBAHHBIX C JIOKAJIbHBIM KOHTPOJIEM ITIOCIIE
yaanenus PIIC, mponeMOoHCTpHpOBaI MOJIOKUTETHHOE
BJIMSIHUE HU3KOH CTEeNeHH 3JI0Kaue€CTBEHHOCTH, OTCYT-
CTBHS pa3pbiBa OIYXOJH, YUCTOr0» XHUPYPruIeCcKOro
Kpasi, a TaKKe KOMIIAPTMEHTAJIBHON XUPYPIHU 110
CpPaBHEHHUIO CO CTaHAAPTHBIM 00HEMOM OIEparlii.
ATrpecCUBHBIN pOCT C MHBa3MeEH MpHUIIeKalUX opra-
HOB, BBICOKAsI CTETIEHB 3JI0KaU€CTBEHHOCTH OITYXOJIH,
HapyLICHUE LEJIOCTHOCTH KallCybl, MaKpPOCKOIIHYE-
CKH OCTaTO4YHAasl TKaHb OIyXOJM U IOJIOKHUTEIbHBINA
Kpail pe3eKknnu sBJII0TCA HeraTUBHBIMU ITPOTHOCTH-
YeCKHMHU (PaKTOPaMH.

Takum 00pa3oM, HET €IMHOTO MHEHHSI OTHOCH-
TEJIBHO LeJIeCO00Pa3HOCTH KOMIAPTMEHTAIbHOTO
MozIXo/1a K Xxupyprudaeckomy sederuto PIIC, muorue
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KINMAHUYECKUE UCCNEOOBAHUA

HCCIIEI0BATENN PEKOMEHYIOT AU P epEeHIIMPOBAHHBIH
MOAX0J, 00OCHOBBIBAas HEOOXOAUMOCTb COXPaHEHUS
HE BOBJICUEHHOT'O B OIyXOJEBBIH MPOLECC OpraHa.
Hedponcoeperaroriast TakTHKa MIPEICTABIACTCS BaXK-
HOM, €CIT MPUHUMATh BO BHUMAaHHE, YTO Pa3BUTHE B
MOCIEeYIOIEM OCTPOTO MOBPEKACHUS MMOYEK W/WIIN
HaJIN4YKMe XPOHUUYECKOH 00JI€3HH MOYEK yBEITUUUBACT
PHUCK CMEPTHOCTH Y OHKOJIOTMYECKHUX IMAL[IEHTOB OT
HEOHKOJIOTHYeCKuX mpuunuH. CoxpaHEeHHE MacChl
(YHKIMOHUPYIOIUX He(hPOHOB MTO3BOJISIET YBEITMUHUTh
0KHMIAEMYIO IPOJOJKUTEBHOCTD XKM3HU AllMeHTOB,
a TaKkXKe He UMETh OTPAaHUYECHHUI P aIbIOBAHTHOM Te-
panun. Bee BeImenepeunciaeHabie (akThl TO0YKIAr0T
BhIPAa0OTaTh MMOKA3aHUs K MPUMEHEHUIO HePpoHCOe-
peraoMx TeXHOIOT U, UCTIONb3YsI HHIUBHIYalbHbIH
noaxoa. bnaronapsi coBepiICHCTBOBAHUIO XUPYPIH-
YECKOH TEXHUKHU, BHEAPCHUIO B MPAKTUKY Pa3jIndd-
HBIX COBPEMEHHBIX WHCTPYMEHTOB U TEXHOJIOTHH U
MpPUMEHEHUIO (PU3HYECKUX (aKTOPOB BO3ICHCTBUS
Ha OMOJIOTHYECKUE TKaHH BO3MOXKHO TaKKe yraje-
HUE OmyXxoyiel ¢ 0e30macHON pe3eKnuel MoYedHo
rnapeHxumsl. [Ipu BOBJIEYEHUHU B OIyXOJIEBBIA MPO-
Hecc o0IacTH BOPOT MOYKH, YalleYyHO-JIOXaHOUHOU
CHCTEMBI, COCYIUCTON HOXKHM MOYKH Pa3padOTaHbI
METOJMKH MPEUHU3MOHHOTO YIAJCHHS OIyXOJEBBIX
Macc ¢ COXpPaHEHHUEM OpraHa M ero CTPYKTYpP.
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BKIA1 ABTOPOB

PsiooB Annpeii BopucoBuy: pa3paboTKa KOHIIECIIINY HAy9HO! pabOoTHI, aHAN3 Hay9HOH paboThI, KPUTUYECKHUI IEPECMOTp C BHECEHHEM
LIEHHOTO MHTEJUICKTYaIbHOTO COACPIKAHMS.

Yaiika AnHa BajenTnHoOBHA: pa3paboTKa KOHIETIIINN HAyYHOH pabOTHI, aHAIN3 MaTepHaa, HaTHCAaHUEe TEKCTa.

XomskoB Biaaguvup MuxaiijioBu4: pa3paboTKa KOHIENIUH HayYHOH pabOThl, KPUTHIECKUH MEPECMOTP ¢ BHECEHHEM LIEHHOTO
HHTEIUIEKTYaIbHOTO COJCPKAHUSL.

AuexkcanapoB OJier AslekcaHIPOBHY: CTAaTUCTUYECKUI aHAIN3 MaTepuaa.

Koctpbirun Anexcanap KoncrantunoBuu: cOop Marepuana.

Cobones Imutpuii IMmutpueBuY: cOOp Marepuaa.

Horocsin 'eram CtenanoBu4: c6op MaTepuaia.

Ap3ymanoB Cepreii BukTopoBuY: KpuTHUYECKIil IEPECMOTP ¢ BHECCHUEM IIEHHOTO HHTEIUICKTYAIbHOTO COJCPKAHMS.
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MMMYHOIT'MCTOXUMUYECKUE NOKA3ATEJIN CEPO3HbIX
KAPLUVMHOM ANYHMUKOB N BO3SMOXXHbIW MEXAHU3M
PA3BUTUA PESUCTEHTHOCTU K NPEMNAPATAM NMJATUHDbI

I.B. XykoBa, E.l1. YnbsaHoBa, A.ll. MeHbweHunHa, T.U. MouceeHko,
E.1O. 3natHuk, E.M. HenomHswasn, A.b. CarakaHnu, T.U. BepeHuknHa

OIBY «HaumoHanbHbIN MegULIMHCKUIA UCCeqoBaTeNbCKMi LEHTP OHKonormn» Munsapasa Poccumn
Poccus, 344037, r. PoctoB-Ha-[loHy, yn. 14-a nuHus, 63

AHHOTauus

Llenb nccneposaHus — onpegeneHne MHOOPMATUBHOCTU MMMYHOTMCTOXUMUYECKUX NOKasaTenen Cepo3HbiX
KapLMHOM SUYHUKOB M UX CTaTUCTUHECKMX CBA3EN NOCMe HE0abIOBaHTHOIO NEYeHUs NS OLEHKM Pa3BUTUS Pe3u-
CTEHTHOCTM OMNyXonew K NnaTMHocogepXaLlyM pexvmam agbloBaHTHOW nonvxummotepanum (AMNXT). MaTepuan
1 MeToAbl. [pOBOAUMN UMMYHOTMCTOXMMNYECKOE UCCIIEQ0BaHME OMyXOneBou TKaHW y 60MbHbLIX CEPO3HBIM PaKOM
SIMYHMKOB BbICOKOM CcTeneHm 3nokadectseHHocTu IIIC—IV ctagum B Bo3pacTe 49—72 ner, 4yBCTBUTENbHbIX (N=59)
N PE3NCTEHTHBIX (N=22) K NNaTUHOCOAEPXKALLMM PEXMMaM afbloBaHTHON NONMXMMUOTEPANUK, Y KOTOPbIX Obin
OTMEYEH NOMNOXUTENbHBIV 3PMEKT Ha HeOaAbIOBAHTHYHO Tepanuio. B TkaHn onyxonen Sn4HUKoB, Nomy4eHHON
Ha aTane Xupypru4eckoro BMeLLaTensCcTea Nocne HeoaabioBaHTHON MOUXMMUOTEPaNUK, N3yyYani UMMYHOTUCTO-
XMMMYecKne nokasatenu nponudepatnsHon aktTmeHocTH (Ki67), akcnpeccumn 6enka aKCLM3MOHHOW penapaumm
OHK ERCC1 n 6enkos cemerictBa ABC-TpaHcnopTtepoB — Pgp n BCRP, a Takke ctatucTnyeckue ceasm mexay
3TVMU NokasaTenaMm (koadrLMEHT paHroBon koppensumn Cnvpmena). PesynbTatbl. Ha aTane xupyprudeckoro
neyeHus nocne apheKTUBHON HEOaABIOBAHTHOM NONMXMMUOTEPANN B CEPO3HbLIX KAPLIMHOMAaX SUYHUKOB, MPO-
OEMOHCTPUPOBABLLMX B AAnbHENLLEM PE3UCTEHTHOCTb K MNaTUHOCOAEPXaLLMM peXumMam Nonnxmmuotepanum,
OoTMeYeHbl 6onee BblpaxeHHbIe MPU3HAKW akTUBHOCTM NpoLieccoB nponundepaumn, penapauum AHK n acbdpniokca
KCEHOBMOTUNKOB MO CPaBHEHMIO C OMYXONSAMU, COXPaHMBLUMMU MNATUHOYYBCTBUTENBHOCTL. [pn aTom 6onee Yyem
B 40 % cnyyaeB Habnoganock coBnageHve Anana3oHoB 3HAYEHU UCCEeA0BaHHbIX NoKka3aTenemn B Onyxonsx
C pa3nnM4HON YyBCTBUTENBHOCTBLIO K MpenapaTtam nnatuHbl. [TokaszaHo, 4To akcnpeccus 6enkoB-TpaHCNopTEPOB,
npesbiwatowiasn 60 % ana BCRP n 65 % ona Pgp, npenlwecTByeT pa3BuTUO PE3UCTEHTHOCTU K afblOBAHTHOMY
neyeHuto ¢ kapbonnatnHoM. B nccnegyembix rpynnax Habnoganucb pasnuynsa no Y1cry, HanpasBneHHOCTU U
BbIPaXXEHHOCTMN CTAaTUCTUYECKMX CBA3EN MeXAY M3y4YeHHbIMY nokadatenamu. Hanbonee sHaunTenbHbIe OTnM4uns
OoTMeYeHbl Ans koppensaunoHHou ceasm Kie7 — BCRP, nmeBLueri npoTMBONONOXHYO HanpaeneHHOCTb B rpynnax
C Pa3nn4yHON YyBCTBUTENBHOCTLIO K a4 bIOBaHTHOMY Nle4eHuto ¢ kapbonnatnHom. 3akmntoveHue. [onyyeHa kom-
NMeKCHas UMMYHOTMCTOXMMMYECKasA XapakTepucTKa CepO3HbIX KapLMHOM ANMYHUKOB NOCHE HEOaabIOBAHTHON
nonMXnuMMoTepanuu, NPOAEMOHCTPUPOBABLLMX BNOCMEACTBUM PA3NMYHY0 YyBCTBMTENLHOCTDL K NaTMHocogep-
XalyM pexvrMamM agbloBaHTHON NOMUXMMMUOTEPAaNUY, C OLEHKON MPOrHOCTUYECKOTO 3HAYEHNS N3YYEHHbIX MO-
kasaTtenew. [TporHocTnyeckoe 3HayeHne B oTHoLeHun addpekta AMNXT MOryT UMeTb BbISBMEHHbIE KpUTUYECKNE
ypoBHu akcnpeccun Pgp n BCRP B TkaHu onyxonu. Pesynbsrartel KOppensaumoHHOro aHanvaa no3sonsioT npea-
nonaratb CBA3b (HOPMMPOBAHUS NIIATUHOPE3NCTEHTHOCTY C UBMEHEHUEM XapakTepa pPerynsTopHbIX OTHOLLEHWI
mexay nponudepaTnBHOM akTUBHOCTBIO U TPAHCMOPTHBIMK NpoLeccamu B TKaHN OMyXomnu.

KnioueBble cnoBa: cepo3Hasn KapuMHomMa AUYHUKOB BbICOKOW CTENEHU 3110Ka4eCTBEHHOCTH, nnaTuHope-
3UCTEHTHOCTb, nponmbepauuﬂ, TPaAHCMNOPTHbIE 06enku, ctaTucTuyeckasl CBA3b, buonornyeckas OGpaTHaﬂ
CBA3b.

#=7 XykoBa NanuHa ButanbeBHa, galya_57@mail.ru
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IMMUNOHISTOCHEMICAL PARAMETERS OF SEROUS OVARIAN
CARCINOMAS AND POSSIBLE MECHANISM OF DEVELOPMENT
OF RESISTANCE TO PLATINUM-BASED DRUGS

G.V. Zhukova, E.P. Ulyanova, A.P. Menshenina, T.l. Moiseenko, E.Yu. Zlatnik,
E.M. Nepomnyashchaya, A.B. Sagakyants, T.l. Verenikina

National Medical Research Center for Oncology of the Ministry of Health of Russia
63, 14-th Liniya St., Rostov-on-Don, 344037, Russia

Abstract

The aim of the study was to evaluate a prognostic significance of immunohistochemical parameters in serous
ovarian carcinomas and their statistical relationships after neoadjuvant treatment to assess the development
of tumor resistance to platinum-containing adjuvant polychemotherapy regimens. Material and Methods. An
immunohistochemical study of tumor tissue was carried out in patients with high-grade serous ovarian cancer
(stage IlIC-IV). The age of the patients ranged from 49-72 years. There were 59 patients who were sensitive
and 22 patients who were resistant to platinum-containing adjuvant polychemotherapy. In the tissue of ovarian
tumors obtained during surgery after noadjuvant polychemotherapy, we studied immunohistochemical indicators
of proliferative activity (Ki67), expression of the DNA excision repair protein ERCC1 and proteins of the ABC
transporter family — Pgp and BCRP, as well as statistical relationships between these indicators (Spearman’s rank
correlation coefficient). Results. After effective neoadjuvant polychemotherapy, more pronounced signs of activity
in the processes of proliferation, DNA repair and xenobiotic efflux were noted in serous ovarian carcinomas,
which subsequently demonstrated resistance to platinum-containing polychemotherapy regimens compared to
tumors that retained platinum sensitivity. Moreover, in 40 % of cases or more, there was a coincidence in the
ranges of values of the studied parameters in tumors with different sensitivity to platinum drugs. The expression
of transporter proteins greater than 60 % for BCRP and 65 % for Pgp was shown to precede the development
of resistance to adjuvant treatment with carboplatin. In the studied groups, differences in the number and
significance of statistical relationships between the variables were observed. The most significant differences
were noted for the Ki67 — BCRP correlation, which had the opposite direction in groups with different sensitivity
to adjuvant treatment with carboplatin. Conclusion. A comprehensive immunohistochemical analysis of high-
grade serous ovarian carcinomas after neoadjuvant polychemotherapy, which further demonstrated different
sensitivity to platinum-containing adjuvant regimens, was carried out, and the prognostic value of the studied
parameters was assessed. The revealed critical levels of Pgp and BCRP expression in tumor tissue may have
a prognostic value regarding the effect of adjuvant polychemotherapy. The results of the correlation analysis
suggest a relationship between the development of platinum resistance and changes in the nature of the
regulatory relationships between proliferative activity and transport processes in tumor tissue.

Key words: high-grade serous ovarian cancer, platinum resistance, proliferation, transport proteins,
statistical relationship, biofeedback.

Beenenue

B Hacrosiiee BpeMsi pa3BUTHE PE3UCTEHTHOCTH K
mpemnaparam IIaTHHb, hopMupyrormeics y 75-90 %
OonbHBIX pakoMm simuHuKOB (PS), siBisiercs octpoit
po0IeMOo KITMHUYECKOW OHKOJIOTHH, PE3KO CHIKAIO-
LIEeH MAHChI MAMEHTOK ¢ pacnpocTpaHeHHbIM P Ha
roiryaeHne 3(HPEKTHBHOM ITOMOIIIN U OTIPEIEIISTIOIIICH
BBICOKYIO JieTanbHOoCTh [1, 2]. Ilpn sTOM 0OHamexu-
BaIOIIME PE3yJbTaThI IEPBBIX KYPCOB JIEKAPCTBEHHOI'O
JICYCHHUsI HE TAPaHTUPYIOT COXpaHEHUE TIIaTHHOYYB-
CTBUTEIBHOCTH ONyXOJIEW Ha JAJbHEUIINX dTamax
Tepamnuu. Perienue qaHHOM TPOOJIEMBI CBS3aHO C BbI-
SIBICHEM MEXaHU3MOB Pa3BUTHS IUIATHHOPE3UCTEHT-
HOCTH M MOUCKOM 3()(PEKTUBHBIX MPOTHOCTHYECKUX
MapkepoB. Ha coBpemMeHHOM 3Tarie eme He yaanoch
BBISIBUTh HU OJHOTO MOJIEKYJSPHO-T€HETHYECKOTO,
nmmyHorucroxumuueckoro (MI'X) niam Gnoxummye-
CKOTO TOKa3aTeJsi, MO3BOJIAIOIIEro MPOrHO3UPOBATh
pa3BUTHE YCTOMYMBOCTH K IUIATHHOCOAEPKAIIUM

46

pexuMaM XxumuoTtepanuu [3—5], mogo0HO TOMY, Kak
3TO UMEET MECTO B OTHOLICHUH BDKUBAEMOCTH I1ALH-
€HTOB C OILyXOJISIMU HEKOTOPBIX JPYIHX JIOKAJIU3aLui
[6-8].

W3BecTHO O cBsA3u MyTanuii B reHax BRCA 1/2
C YyBCTBUTEJIBHOCTBIO K IpenapaTaM IUIaTHHBI IPU
PS5 u pake momounoit xemne3sl (PMIXK) [9]. Omnako
YYBCTBUTEIBHOCTHIO K YKa3aHHBIM (paKTOpaM MOTYT
00nasaTh U MALMEHTKH, Y KOTOPBIX TaKHe MyTaluu
OTCYTCTBYIOT. PaHee B kauecTBe MapKepoB AMHAMHU-
KH 4yBCTBUTENbHOCTH P K mpemnaparam IiaTHHBI
paccMaTpUBaINCh MOKAa3aTeld aKTUBHOCTH Oelka
ERRCI [6, 7], onHako majmbHEUIINE MCCICTOBAHUS
HE MOJATBEPAWIN UX MPOTHOCTUYECKYIO 3HAUUMOCTb
[8, 9]. PacnpocTpaHeHHOCTh CIy4aeB OTCYTCTBHS
cBepxaKcnpeccun P GIIOKCHBIX OENKOB TPH TIjIa-
TUHOpe3ucTeHTHOM PSl u BBIpaKeHHOTO J1e4eOHOTOo
a¢dexra npun MHrHOMpoBaHUK UX akTuBHOCTH [10,
11] cBUIeTENbCTBYET O MaJOM M3yYEHHOCTH KOH-
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JIABOPATOPHbBIE U 3KCMNEPUMEHTAJIbHbLIE UCCJIIEOAOBAHUA

KpeTHBIX (OpM ydacTusi OeJIKOB-TPAHCHIOPTEPOB B
Pa3BUTHH JIEKAPCTBEHHOM pe3ucTeHTHOCTH. OcTaercs
OTKPBITBIM BOTIPOC O COOTHOIICHHUH (P ITFOKCa TIPO-
THUBOOITYXOJIEBBIX XUMHOIIPENapaToB M TpaHCIOpTa
9HJIOTEHHBIX MPOOITYXOJIEBBIX (PAKTOPOB, O THHAMHKE
nposiepaTUBHBIX U TPAHCIIOPTHBIX TporieccoB [12].
He uccnenoBana poib He CBS3aHHBIX C U3MEHEHHEM
T€HOB PETYIIATOPHBIX HAPYIIEHUH, pa3BUBAIOIINXCS Ha
Pa3NUYHBIX CTPYKTYPHO-(QYHKIMOHAIBHBIX YPOBHSX
OpTaHu3Ma, KOTOPbIE MOTYT IIPOSIBISITHCS HE TOJIBKO
B BUJIE PE3KUX CIBUIOB TEX WJIM MHBIX [IOKA3aTeNeH,
HO ¥ B U3MEHEHUHU TUHAMHUKHU MX COOTHOIICHHUH H
KOppEJSILUOHHBIX CBsi3eil Ha GoHe Tepanuu [13, 14].
Bce BolmeckazanHoe o0ycloBIMBaeT Lenecoodpas-
HOCTb IPOBEIEHUS KOMIUIEKCHOT'O MCCIEAOBAaHUSA,
HaIpaBJIE€HHOTO Ha yTOYHEHHE MH(POPMATHBHOCTH
NI'X xapakTepUCTUK KAPLUHOM SIMYHUKOB U UX CTa-
TUCTUUYECKHX CBSI3€H NI MPOrHO3a TUHAMHUKHU YyB-
CTBHUTEJIBHOCTH OITyXOJIEH K JICKAPCTBEHHOH Tepanun
C HICTIONIb30BaHHUEM ITPETaparoB MIaTHHBI.

Leabio uccjeq0BaHuA SIBUIOCH OINpECIICHHE
HH(OPMATUBHOCTH MMMYHOTHCTOXHMMHUYECKHUX MO-
Kazaresieil cepo3HbIX KapLMHOM SIMYHUKOB U X CTaTH-
CTUYECKHX CBSI3€H I10CIIC HE0aIbIOBAHTHOI'O JICUSHNUS
JUISL OIICHKH Pa3BUTHUS PE3UCTEHTHOCTH OIyXOJeH K
MJIaTUHOCOEPKAIIUM peXUMaM abIOBAaHTHON I1O-
muxumuorepanuu (AITXT).

MarepuaJj 1 MeTObI

PerpocnextuBno nzyuensl MI'X mokazarenu B
TKaHHU OMyXoJel su4HuKOB y OonbHbIX P IIIC-IV
CTaJIN1 TIOCTMEHOTIAy3aIbHOTO0 Bo3pacTta (49—72 roma),
y KOTOPBIX OBbIJT OTMEYEH MOJIOKUTEIbHBIH dPPEKT Ha
HeoaabIoBaHTHYIO nonuxumuorepanuo (HAIIXT),
MO3BOJIMBIINI MEPEUTH K 3Tally XUPYyPTrHUECKOTo
JIeYeHUsI B 00bEME ONTUMAIBHON IUTOPENYKIUU U
nocnenytoieit AITXT. TTo 1aHHBIM THCTOJIOTUYECKOTO
HCCIIeIOBaHUS Y BCeX MAaIlMEHTOK HalIronanack ce-
pO3Has KapIIMHOMA BBICOKOM CTENEHH 3JI0KaYeCTBEH-
HoctH (high grade). BonbHBIM TpoBOMIIOCE 3 Kypca
HAIIXT xapOormmatiHOM U makiauTakcenoM. Cxema
AIIXT Taxxe BKITIO9asia KapOOTUTaTHH U TAKITUTAKCET,
KOJIMYECTBO KypCcOB BapbupoBajo oT 4 1o 6. Bcem
MalMeHTKaM MPOBOAMINCH CTaHJAPTHBIC KIMHHKO-
nabopaTopHbIE MCCIEOBAHUS B COOTBETCTBUU C
KIUHUYCCKUMH peKoMeHmanusaMu [15], Brirodas
OTIpeJeIeHNe KOHIIEHTPAIlM! ChIBOPOTOYHBIX Map-
kepoB CA-125 u He-4. Bcem OonbHBIM UCCIIEIOBAH
MyTalMOHHBIN cTaTyc reHoB BRCA /2 ¢ moMoIbpo
metora HRM-PCR (High Resolution Melt Polymerase
chain reaction) u cekBenupoBanusi o CaHrepy.

BonpHbIe ObIIM pacnpeeieHsl Ha 2 TPYIbL B 3a-
BHCHMOCTH OT CPOKOB Pa3BUTHS PEIUInBa 3200I1eBa-
HUS, TIO KOTOPOMY OTIPEAEISIach YyBCTBUTEIBHOCTD
OITyXOJIM K IIatnHocoaepxkamum pexkumam AIIXT
[15]. B rpymimy GONBHBIX C OITYXOJISIMU, COXPAaHUBILHU-
MU gyBcTBUTENbHOCTh K AIIXT (TmaTHHO4YBCTBU-
TEJTBHBIC OIYXOJH), BOIIIIO 59 JKEHIUH, ¥ KOTOPHIX
peunauB P pa3Busicst B cpoku, MpeBhIMIaBmne 6 Mec
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¢ MOMeHTa okoHuaHus nocieaHero kypca AIIXT.
I'pynmmy GONBHBIX C OMYXONISIMU, PE3UCTEHTHBIMHU K
tatuHocoaepxkamum pexxumam AITXT (mmarunope-
3MCTEHTHBIE OITYXOJIH), COCTaBUIMN 22 MallUueHTKH, y
KOTOPBIX IPOTrPEeCCUPOBAHNE OTMEUEHO Ha (POHE MPO-
Benenust AITXT unu B TeueHue 6 Mec rociie ee 3aBep-
menust. UerBepras ctanus P BeisBnena y 17 (29 %)
OOJBHBIX C MJIATHHOYYBCTBUTEIBHBIMHU OITYXOJIIMU
ny 7 (32 %) manueHToK C IIaTHHOPE3UCTCHTHBIMH
KapIMHOMaMHd. BOJbHBIE MICCIIeOBAHHBIX TPYII HE
MMEITH 3HAYUMBIX Pa3IMIUH 110 pacpOCTPAHEHHOCTH
MpoIecca, BO3pacTy, XapaKkTepy U BEIPaKEHHOCTH CO-
MYTCTBYIOILMX 3200JIeBaHUH.

B mocnennue romap! Ui OIEHKH OTBETA PacIpo-
crpaneHHoro P Ha XxuMuoTepanuo 4acTo UCIOJIb3Y-
ercs cuctema CRS (Chemotherapy Response Score),
MpesycMaTpuBaolas OLEeHKY WU3MEHEHHUH B TKaHU
oonpmoro canpHuka Ha Gore HAIIXT. Mmerores
MIPOTUBOPEUYUBEIC TaHHBIC 00 HH(POPMATHUBHOCTH T10-
kazareneit CRS B oTHOIIEHNH MPOTHO3a MJIATHHOPE-
3MCTEHTHOCTH, a TaKXKe OTMEYaeTCsl HeJ0CTaTOYHas
CTaHJapTHU3alUs METOJANYECKUX MOAXOJO0B MPHU UX
onpeneneHuu [16]. B cumy 3TOro mMpl cowiu 1ene-
CO00pa3HBIM HCIIONB30BAaTh TPATUIIMOHHBIE KPUTE-
puu JieueOHOTo maToMopdo3a U COCPEIOTOUUTHCS Ha
M3MEHEHUSX B OIYXOJISIX SIMYHUKOB KaK IPH OLICHKE
nedeOHoro maromopdosza HAIIXT, tak u mipu BHI-
SBIICHUU CBS3M PE3UCTEHTHOCTH C OCOOEHHOCTSIMH
skcnpeccun MI'X noxasareneil. B pesynsrare npu
TUCTOJIOTUYECKOM HCCIIE0BAHUH OIYXO0JIEBOM TKaHU
B 00enx rpynmax nocie HATIXT orMeueHbI 4eTKO BbI-
paskeHHOE HapyIIeHNE CTPYKTYPHI OITYXOJH U YMEHbB-
menue ee miomanau Ha 30 % u 6oee, a TakKe ApyTHE
NPU3HAKH, yKa3bIBAIOIIUE Ha JIe4eOHbIH TaToMopdo3
IT unu 1T crenenu no I A. JlaBuukosoit [17].

B TKaHU cepO3HBIX KapIIUHOM SIMYHUKOB, MTOTYYEH-
HbeIX niociie nposeaeans HAIIXT, ¢ momorsio UT'X
METO/I0B ITPOBOJIMIIM CPaBHUTEIHHOE U3yUEHHUE MPo-
mudeparuBHoii aktuBHOCTH (Ki67), a Takxke sKcmpec-
cum Oenka sxcrm3noHHoH peraparyn JJHK ERCCI1 u
IByX OenkoB cemeiictBa ABC-tpancnoprepoB — Pgp
u BCRP. [I5151 5TOT0 MCTIOTB30BAH MTOIUKJIOHATHHBIC
KponuubH anturena Kk Pgp (mnmm MDRI1, 1:600) n
ERCC1 (1:300) ¢dupmer Affinity Biosciences, mo-
JTUKIIOHAIBHBIE Kpomubn aHTHTena kK Ki67 (1:200,
Diagnostic BioSystem), MOHOKIIOHAJIEHBIE MBIIITHHBIC
anturena k BCRP (kmon JF0994, 1:300, Hangzhou
HuaAn Biotechnology Co.Ltd.). Cpe3sl noxpariu-
BaJli TeMaToKCHIMHOM Kapariiy, ais 3aKIioueHns
MCTIOJIB30BaJN BUTporenb. Onenka pesyasratoB UT'X
peakuuy NpoBOJMIACh C IPUMEHEHUEM CBETOBOTO
Mukpockona «AxioLab.Al» (I'epmanust) npu x10,
%20 u x40.

st ompenenenust skcrpeccuu Ki67 moacauTsiBa-
JIM TTPOIIEHTHOE COJIep KaHNe OKPAIIEHHBIX B pe3yibTa-
Te "X peakuuu Oy XoJIeBbIX KIIETOK, IPUXOIALIUXCS
Ha 100 onmyxomneBbIX KJIETOK. B cooTBeTcTBHM C Tpa-
JULMOHHBIM criocoOoM oueHku 3HadeHus 0-20 %
paciieHnBaiIu Kak Hu3kue, 21-50 % — kak yMepeHHbIe
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Puc. 1. MukpodoTo. PasnunyHas BbipaxeHHOCTb akcnpeccun 6enka ERRC-| B cepo3sHbix kapuuHomax audHukos, x200. A — oTcyTcTBME
akcnpeccuu; b — HM3kas akcnpeccusi, 1+; B — Bbicokasi akcnpeccusi, 2+. MNpumeyaHne: MUKPOdOTO BbINOMHEHbI aBTOpamMu
Fig. 1. Microphoto. Different expression of ERRC-I protein in serous ovarian carcinomas, x200. A — lack of expression; B — low expres-
sion, 1+; C — high expression, 2+. Note: created by the authors

n 51-100 % — kak BbICOKHE. AHAJIOTHYHBIM 00Pa30M,
HO ¢ IpUMEHEHHEM OoJiee MoAPOOHOM rpaalii, ole-
HuBaiM sKkcnpeccuro mapkepos Pgp, BCRPu ERCCI:
1 (0-10 %), 2 (11-50 %), 3 (50-74 %), 4 (>75 %). l1pn
3TOM BBIpaKEHHOCTH 3Kkcnpeccun MI'X napameTpos
B KJIETKE OIIpEeJIeIIsUTH TaKKe MOJTyKOJIMYECTBEHHO 110
WHTEHCUBHOCTH OKpamuBaHus: 1+ — Hu3Kas, 2+ —
yMepeHHasi, 3+ — BBICOKas. DKCIPECCHs CUUTAIACh
TTOJIOKUTETTLHOM TIPU OTICHKE HE MEHEe 2 10 KaXKou
W3 JIBYX yKa3aHHBIX mkan. Ha puc. 1 mpencrasne-
Hbl MUKPO(OTOTpapuu TKAaHU CEPO3HBIX KapPIIHOM
SIMYHUKOB Y OOJBHBIX C PA3TMYHON BBIPAKEHHOCTHIO
akcrpeccnn MI'X mMapkepoB Ha mpuMepe Oelrka dKC-
umsnonHo# penapanuu JJHK ERCCI.

MeKrpynmnoBslie cpaBHEHUsI TTOKazaTeseil mpoBo-
JIWTA C TIOMOIIBIO HEMapaMeTPHUECKOTO KPUTEPHS
Manna—Yutan (U-kpuTepuii) 1 KpUTEPHsI COTIIACHS
[MTupcona y*. B cuimy BaKHOCTH BBISIBIICHHS KPUTHYC-
CKUX BEJIMYMH, UMEIOIIUX MPOTHOCTHYECKOE 3HAYe-
HUe, TIPH aHAJIN3€ BapHAIMOHHBIX PSJIOB 0Opariamn
BHUMaHHE HA MUHUMAJbHbIC U MaKCHMaJbHbIC 3Ha-
YEHMsSI PACCMATPUBAEMBIX TOKa3aTene (X . — X )
[18]. CratucTuyecKue CBsI3U MEKAY UCCIEIOBAHHBIMU
MOKa3aTeNsIMH OIIEHWBAIH C MTOMOIIBI0 PAHTOBOTO
ko3 dunmenta xoppemsiiuu Crimpmena (¢ OICHKOM
€ro CTaTUCTHYECKON 3HAYMMOCTH) M OOLETPHUHATON
rpajaliid BBIPAXEHHOCTH («TECHOTBI») CBSI3U Ha
«cI1abyro», «yMEpPEeHHYI0», «3aMETHYIO» U «BBICO-
KYIO», OIpeenseMoii abCONOTHRIM 3HAYEeHHEM KO-
a¢¢unmenta (mkana Yenmoka). Micronb3oBanu naket
nporpamm «Statistica 13.3» (StatSoft Inc., CLLA).

WccnenoBanus mpoBeaeHBl ¢ COONIOICHHEM
«ITHYECKUX MPUHIUIIOB MTPOBEACHNS HAYYHBIX Me-
JMIWHCKHUX MCCIICAOBAHUH C y9aCTHEM UCJIOBEKa» U B
cOOTBeTCTBHH C «lIpaBrnamMu KITMHUYECKOM MPAKTUKN
B Poccuiickoit @enepannn.

Pe3y.]1 bTAaTbl U oﬁcymzle}me

MCZ[I/IaHa MMPpOAOKUTCIBHOCTU 6e3peLII/IZ[I/IBHOI‘O
nepuonaa y OOJILHBIX C IJIaATUHOYYBCTBUTECJIbHBIMU
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OIyXoJsiMHU cocTaBmia 19 mec, y OONBHBIX C IJIaTH-
HOPE3UCTEHTHBIMHU orTyXoisimu — 5,2 mec (p=0,00001
Log-Ranktest). Takxe B ucclielyeMbIX TpyIIax ooJiee
4yeM B 2 pasa pa3Iuyuainuch MoKa3arenu 3-JeTHel 00-
Hiell BbDKMBAGMOCTH: y OOJIBHBIX C YyBCTBHTEJIBHO-
ctbio K AIIXT — 51 %, y GONBbHBIX ¢ pe3UCTEHTHBIM
teyenueM — 23 % (p<0,05). MexrpynmnoBble pa3auyus
B BBIPAKEHHOCTH TOKCHYECKUX ocnokHeHuil AIIXT
HE OTMEYEHBI.

IIpu MoseKynIpHO-reHeTUUECKOM HCCIIeI0BAaHUY
y OONBHBIX C IUTATHHOPE3UCTCHTHBIM TEUCHUEM 3a-
OosieBanus ciyyaeB MyTtanuid B renax BRCA 1/2 e
BBISBJICHO. Y MALMEHTOK C OIyXOJISIMHU, COXPaHHUBIIH-
Mu 9yBCTBHTENHHOCTE K AIIXT ¢ xapboratnHoM,
He HaOJIoaINCh TepPMUHATIbHBIE MYTAllUU B TE€HE
BRCA2. B rene BRCAI myTanuu BbIsSBIEHbI Y 8 U3 59
Takux 00NbHBIX (13 %). DTH MyTaIiK OTHOCHITUCH K
4 matorerasM TuraM — 5382insC, 300T>G (C61G),
2080delA u ¢.1960A>T. Ilpu 3ToM Hambojiee 4acTo
(n=4) BcTpeuanack MUHOpHAs ISl POCCUICKON MOy~
nsrn mytanus 300T>G(C61G). B ogaoM ciyvae Ha-
omonanacek mytarms Asp 1344del ¢ HeonpeneneHHbIM
KJIMHUYECKUM 3HadeHueM. Takum oOpa3oMm, B Xoze
UCCIIeIOBaHUs HE OTMEUEHO CBSI3U MEXK/Ty Pa3BUTHEM
TUIATHHOPE3UCTEHTHOCTH CEPO3HBIX KapLUHOM SNY-
HUKOB Ha 3Tane AIIXT u HanuuueM repMHHAIbHBIX
myTtauuil B reHax BRCA 1/2 6onbubIx PS.

IIpu n3yuenun NI'X nokazaresei COCTOSIHUS TKa-
HU CEepO3HBIX KapUMHOM sSM4HUKOB mocie HAIIXT
B LI€JIOM BBISBJICHBI MPU3HAKU OOJiee BBICOKOTO
ypoBHs nponupepannu (Ki67), a Taxke 6onee BbI-
cokoii aktuBHOCTH OenkoB ERCC1, Pgp u BCRP y
OOJNBHBIX MPH Pa3BUTHS PE3UCTEHTHOCTH K Ipemna-
param ratuabl Ha 3tane AIIXT (tabm. 1, 2). B To
e BpeMsl y OOJIBHBIX C IIJIATUHOYYBCTBUTEIbHBIMU
KapLMHOMaMH TaKXKe OTMEUEHbI CIIyyal BbIPaKCHHON
9KCIPECCHU HCCIIEAYEMBIX (PAaKTOPOB, a y MaleHTOK
C IUTATHHOPE3UCTEHTHBIMHU KapLUUHOMaMHU HEPEIKO
BCTPEYAIMCh CIy4Yal CHHXKEHHOH HKCIIPECCHU TOTO
Wik uHoro (hakTopa. B HamOosbIICH CTErEeHH 3TO
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JIABOPATOPHbBIE U 3KCMNEPUMEHTAJIbHbLIE UCCJIIEOOBAHUA

Ta6nuua 1/Table 1

Xapaktepuctuku nponucepatuBHon aktuBHoctTu nocne HAMXT B cepo3HbIX KapLMHOMaxX ANYHUKOB,
NPOAEMOHCTPUPOBABLUMX B AalNbHeMLWeM pPa3fiIMyHy YyBCTBUTENLHOCTb K NiIaTUHOCOAepXaLLUM
pexumam ANXT

Characteristics of proliferative activity in serous ovarian carcinomas after NAPCT, which further demon-
strated different sensitivity to platinum-containing APCT regimens

I'pynma (omyxomm)/
Groups (tumors)
[TnaTuHOYyBCTBUTEIbHbIC/

YacToTa BCTPEUaeMOCTH YMEPEHHBIX U BBICOKUX 3HaueHui Ki67/
Frequency of moderate and high Ki67 values

3unauenus Ki67 Me [x_ —x ]/
Ki67values Me [x

x|
min max-

0, L 0,
Platinum sensitive 42% 1711-60] %
[InatuHOpE3uCTEHTHBIE/ 77 %* 38,5 [10-60] %
Platinum resistiant p=0,006 p=0,305

[pumeyanus: * — CTATHCTUYECKU 3HAYMMO OTIIMYACTCS OT II0Ka3aTesIeil IIaTMHOYYBCTBUTEIbHBIX omyxoeil. Kpurepun 2 [Tupcona n Manna—

YurHu; Tabnmua cocraBieHa aBTOPaMHU.

Notes: * — statistically significantly differs from the indexes in platinum-sensitive tumors. y> Pearson’s and Mann—Whitney tests; created by the

authors.

Tabnuua 2/Table 2

MNoka3zaTtenu akTUBHOCTU GenkoB, 0OTBETCTBEHHbIX 3a penapauuto OHK n acbdnrokec xummonpenapartos,
nocne HAMXT B cepo3HbIx KapyMHOMaX SMYHUKOB, MPOAEMOHCTPUPOBABLUMNX B AaNbHEWLeM pasfuyHyo
YYBCTBUTENLHOCTb K NnatuHocoaepxawmum pexxumam AMNXT

Characteristics of activity of proteins responsible for DNA repair and chemotherapy efflux in serous ovar-
ian carcinomas after NAPCT, which further demonstrated different sensitivity to platinum-containing APCT

regimens
Mapxkepsr YacToTa MoNOKUTEIbHOM IKC- OTHOCHTENBHOE YHCIIO KIETOK,
(6enxm)/ I'pymer (omyxomm)/ IIPeccHu Mapkepa/ SKCTpeccupyromux mMapkep Me [x . —x_ ]/
Markers Groups (tumors) Frequency of cases of positive Relative number of cells expressing the marker
(proteins) marker expression Me [x =X ]
HnaTHHquBCTBHT_epLHLIe/ 10 % 8 [0-33] %
ERCC1 Platinum sensitive
[TnaruHOpE3nCTeHTHbIE/ 54 %* 20 [0-80] %
Platinum resistant p<0,001 p=0,063
HJ'IaTI/IH(.)‘{yBCTBI/IT.e%'IBHLIe/ 68 % 40 [4-65] %
P Platinum sensitive
£p [L1aTHHOpe3HCTEHTHBIE/ 95,5 %* 70 [40-100] %*
Platinum resistant p=0,011 p=0,003
HnaTHngyBCTBHT.egLHLIe/ 80 % 35 [10-60] %
BCRP Platinum sensitive
[TnatuHOpE3UCTEHTHBIE/ 91 % 65 [45-90] %*
0

Platinum resistant

p=0,013

[pumeyanust: * — CTATUCTUYECKU 3HAYMMO OTIIMYACTCS OT MOKa3aTesIeil MIaTHHOYYBCTBUTEIbHBIX omyxoieil. Kpurepun 2 [Tupcona u Manna—

YutHu; Tabnuna cocTaBieHa aBTOPaMHU.

Notes: * — statistically significantly differs from the indexes in platinum-sensitive tumors. y> Pearson’s and Mann—Whitney tests; created by the

authors.

OBLTO BRIpAXKEHO IS TOKazarenei sxcrpeccun Ki67
u ERCCI1, 4T0 orpaHnymuBaio AHArHOCTHYECKYIO
LIEHHOCTB 9TUX MapkepoB. Tak, Mpu BBICOKOH yacToTe
CIlydaeB YMEPEHHBIX U BEICOKHX 3Ha4YeHui Ki67 B mua-
TUHOPE3NUCTEHTHBIX OIMyXoysix (77 %) yacToTa Takux
Clly4aeB cpeir OOJBHBIX C TNIATHHOYYBCTBUTEIHHbI-
MH OITyXOJISIMU Oblila, XOTS CTaTUCTHYECKH M HUKE
(p=0,0006), HO Bce ke BechbMa 3HaYUTENHHOU — 42 %
ciydaes (Tabm. 1).

Pesynbratel sxcnpeccun 6enxoB ERRCI, Pgp u
BCRP npencrasnens B Ta011. 2. OmyXxouu, IiaTHHOpe-
3ucteHtHble Ha 3Tane AIIXT, 3aMeTHO npeBocxoMIn
KapLUHOMBI, OCTAaBIIUECS IIATHHOYYBCTBUTEIbHbI-
MH, TI0 YUCITY CIy4aeB MOJIOKUTEIBHOMN IKCTIPECCUH
3TUX (AaKTOPOB M/MIU MO OTHOCHTEIHHOMY UYHCITY
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OTYXOJIEBBIX KIIETOK, WX dKcIpeccupyromux. [lpu
9TOM B cliyyae Pa3BUTHsI TIATHHOPE3UCTEHTHOCTH
OTHOCHUTENTFHOE YHCIIO KApLUHOM C IOJIOKHUTEIbHON
skcnpeccueit ERRCI (54 %) ne3nauutenbHo mpe-
BBIIIIAJI0 OTHOCUTEIHLHOE YHCIIO OMYXO0JIeH C OTpHUlia-
TeNbHOM dKctipeccueii (46 %), 9TO COOTBETCTBOBAIIO
CBEJICHHUSIM 00 OTCYTCTBUH IPOTHOCTHYECKOTO 3HAYE-
HUSl JIAHHOTO MapKepa JUIsl pa3BUTHS JIEKAPCTBEHHOM
pe3ucTtenTHoctu [8, 9].

bonee mHpOpMaTUBHBIMU OKa3alNCh pa3iu-
Yusl B DKCIPECCUU HcclieoBaHHbIX O0enkoB ABC-
TpaHcropTepoB. HecMOTpst Ha BBICOKYIO YacTOTY
CIIy4aeB IMOJIOKHUTEILHOW IKCIIPECCUU B TPYIIIE Ia-
[IUEHTOK C TUIATHHOYYBCTBUTEIHHBIMH OITYXOJISIMH
(68 % mst Pgp m 80 % mst BCRP), otHocuTenbHOE
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Ta6bnuua 3/Table 3

KoppensiunoHHble cBA3u Mexay n3ydeHHbiMmn UIMX nokasatensamu nocne HAMXT B cepo3HbIx
KapuMHOMax AMYHUKOB, NPOAEMOHCTPUPOBABLUNX B AallbHENLIEM PAa3NIMYHYI YYyBCTBUTENbHOCTD K
nnatuHocoaepxawmm pexumam AMNXT. 3HavyeHus koadhdrumeHta CnupmeHa

Correlations between the studied immunohistochemical indexes in serous ovarian carcinomas af-
ter NAPCT, which further demonstrated different sensitivity to platinum-containing APCT regimens.
Spearman coefficient values

A. ITnarunovyBcTBHUTENbHBIE omyxoin (n=59)/A. Platinum sensitive tumors (n=59)

[MTapamerpsr/Parameteres Ki67 ERRCI Pgp BCRP
Ki67 1 0,206 -0,045 -0,675*
ERRCI 0,206 1 0,042 0,075
PgP -0,045 0,042 1 0,325*
BCRP -0,675* 0,075 0,325 1
b. [TnatnnopesucTenTHBIE omyxoau (n=22)/ B. Platinum resistant tumors (n=22)
[Tapamerpsr/Parameteres Ki67 ERRCI Pgp BCRP
Ki67 1 0,000 0,313 0,813*
ERRCI -0,045 1 0,329 0,500*
PgP 0,042 0,329 1 0,500*
BCRP 0,813* 0,500* 0,500* 1

Ipumevanus: * — cTaTUCTHYECKH 3HaUMMBbIe cBsi3H, p<0,05; Tabiuna cocTaBieHa aBTOPAMH.

Notes: * — statistically significant relationships, p<0.05; created by the authors.

YHCJIO KJICTOK, SKCIPECCUPYIOMINX MapKephl OCIKOB-
TPaAHCIIOPTEPOB, B TUIATHHOPE3UCTEHTHBIX KapIIHO-
Max BeChMa 3HaYNTEIHHO MPEBBIIIAIIO ATH MOKa3aTEIH
B IUITATUHOYYBCTBUTENBHBIX onyxouisax (p<0,013, 3na-
YEHUsI MEIUaH pa3Inyainch He MeHee ueM B 1,75 pasa,
Tabm. 2). [Ipr 3ToM Gosiee yem B IOJIOBHHE KapIIHHOM,
CTaBIINX BIOCJEICTBUH IUIATHHOPE3UCTECHTHBIMH,
OTHOCHUTENIBHOE YHCIIO IKCHPECCUPYIOIMNX KIIETOK
OBLIO BBIIIE MAKCUMAJIbHBIX 3HAYCHUH 3TUX MOKa3a-
TeJel B IIaTHHOYYBCTBUTEIIBHBIX OITyXOJISIX, KOTOPEIE
coctasunu 1t BCRP u Pgp 60 u 65 % cooTser-
cTBeHHO (Tabm. 2). Takum o0pa3om, BO Bcex ciydasix
MPEBBIILICHUS TTOKA3aTEISIMU IKCIIPECCUn OeIKOB-
TPAHCIIOPTEPOB YKAa3aHHBIX KPUTHUYECKUX 3HAUYEHUI
OBLIO OTMEYEHO pPa3BHUTHE TUIATHHOPE3UCTEHTHOCTH
P51 ma stane AIIXT. Panee 3apyOexHBIMU HCCTIETOBA-
TEJISIMU TTOKa3aHO YBEIMUYEHHUE MPOJOIKUTEIBHOCTH
YKU3HU MMALIMEHTOK C pacipocTpaHeHHbIM PS B ciryuae
MTOJIOKUTEITLHON AKCTIpECCUu Pgp u HEKOTOPHIX Npy-
rux UI'X mapkepoB B TKaHU MOPAKEHHBIX SUYHUKOB
[10, 12], 9TO KOCBEHHO OTpPaXKaJlo CBSA3b TPAHCIIOPT-
HBIX IIPOLIECCOB B CEPO3HBIX KapLUHOMAX SUYHUKOB
C pa3BUTHEM IUIATHHOPE3UCTEHTHOCTH. MBI CUHTaEM,
YTO TOJTyYE€HHBIH HAMU PE3yJbTaT MOTONHAET Mpe-
CTaBJICHUS O TAKOU CBSI3U.

[Ipn xoppensLOHHOM aHaJU3€ BBISBIEHBI 3HA-
YUMBIE CBS3M MEX]y MPOICHTHBIM YHCIIOM OIyXO-
JIEBBIX KIIETOK, SKCIIPECCUPYIOINX HCCIIeTOBAaHHBIC
MapKephl, KOTOPBIE Pa3IMYaINCh y MAIlMeHTOK C
IJIATUHOYYBCTBUTENBHBIM U MJIaTHHOPE3UCTEHTHBIM
P41 o unciy, BeIpaskeHHOCTH 1 HaripasieHHOCTH. [Ipu
9TOM HamboIIee TeCHbIE CBsI3H IO TKale Yesmoka Ha-
omomanuck Mexay Ki67 u BCRP (taom. 3).

Tak, B OmyXoJsX, COXpaHUBIINX IJIATUHOYYB-
ctButenbHOCTh Ha dtane AIIXT, 3naunmas koppe-
namuoHHas cBs3b Ki67 — BCRP, BepaxkeHHOCTH
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KOTOpO# 1o mikane Yeanoka xapakTepru3oBaliach Kak
«3aMeTHas», UMeNa OTpHuIaTeabHbid 3HaK (-0,675,
p<0,05, Tabn. 3A). B omyxoisx, mpoAEeMOHCTPUPO-
BaBILUX B JaJIbHEHIIIEM IIJIATHHOPE3UCTEHTHOCTB, 3Ta
CBSI3b OKa3aJjlach 0oJiee BHIPAKEHHOH («BBICOKON) H
uMesa yKe TOJOKUTeIpHBINA 3HaK (+0,813, p<0,05;
tab6x1. 3b). Kpome toro, mpu miarnHOpPE3MCTEHTHOM
P41 Ob11a Gonee BeIpaKEHHOW MOJIOKUTEIbHAS CBA3b
BCRP - Pgp («3ameTHas cBs3b, +0,500, p<0,05, Tadm.
3b) Mo cpaBHEHUIO C MOJOKUTEITHHON «yMEPEHHOW
CTaTUCTUYECKOW CBSI3BIO B CIy4ae IIaTHHOYYBCTBH-
TenbHBIX ommyxounel (+0,375, p<0,05, Tabmn. 3A). Eme
OIHO OTJIMYHKE IuIaTHHOpe3ucTeHTHoro PA 3akiroua-
JIOCh B HAJIMYUU «3aMETHOW» TIOJ0KATENBHOMN CBA3U
BCRP — ERRCI (+0,500, p<0,05; ta6a. 3b), kotopas
HE TPOsBUIIACH B Clydyae MJIAaTHHOYYBCTBHTEIBHBIX
omyxoneit smaankoB (+0,075, p>0,05; Tadm. 3A).
BblIsiBI€HHBIE MEXIPYIIIOBBIE Pa3INdUs MOTYT
yKa3bIBaTh Ha M3MCHEHUS B KIETOUHOW pETYISINH
CEPO3HBIX KapIMHOM SIMYHUKOB, CBS3aHHBIC C pa3-
BUTHEM IIJIATUHOPE3UCTEHTHOCTH. Tak, 3aMeTHas OT-
punarenbHas Koppessust Mexxay Ki67 u skcnpeccueit
BCRP B miiaTHHOUYBCTBUTEIBHBIX OITyXOJSX MOXKET
OTpa’kaTh 3aMeJIEHUE BBIBEICHHSI ITPETapaToB IUIaTh-
HBI U3 TKAHU CEPO3HBIX KAPLIMHOM STMUHUKOB OITyXOJIH
npu pocte npoaudepaTuBHON aKTHBHOCTH KIIETOK.
Bo3MmoxHO, ocymiecTBIeHNE TaKOW PETYNISINH 0
NPUHIMITY OTPULATENLHOM OMOJIOrHYeCcKOi 00paTHON
CBSI3HU, HAIIPABJICHHON Ha clepKuBaHue npoiudepa-
LM OITyXOJIEBBIX KJIETOK, CIIOCOOCTBYET COXPaHEHUIO
YyBCTBUTEJILHOCTH OIIYXOJIH K IIperapaTam IIaTHHBL.
Crenmys 9TOi JTIOTHKE, MOYKHO MIPEATIONOKHTD, UTO pa3-
BUTHE IJIATHHOPE3UCTEHTHOCTU CBSI3aHO C yTparou
TAKOr0 MEXaHM3Ma M «BKJIIOUEHHEM» PETYISLUH 10
MIPUHITUITY TIOJIOKUTEIHLHON OMOJIOTHYIECKO oOpat-
HOU CBSI3U, IPH KOTOPOH TPAHCIIOPTHBIE OCIIKH OY/IyT,
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HaNpoOTHB, CIIOCOOCTBOBATH YCHJICHHUIO KJIETOYHON
nponudepanuy B OIyXO0JH IIyTeM YCKOPEHHS BHIBOAA
XMMHOIIPEapaToB U3 OITyXOJIEBBIX KJIETOK BCIIEIICTBHE
MOBBILIEHNS U CUHXpOoHHU3a1uK akTuBHOCTH BCRP 1
Pgp. [Ipu 3TOM HEKOTOPBIHA BKIad B HOpMHUPOBAHHE
JIEKAPCTBEHHOW yCTOMYMBOCTH MOIJIa BHOCHUTBH CHH-
xpouuzanust akTuBHOCTH BCRP 1 ERRCI.

3akirouenne

UacToTa pa3BUTHS IUIATHHOPE3UCTEHTHBIX OITY-
XOJIeH SIMYHUKOB HE OTPaHUYHMBAETCS CITydasMu Tep-
BuyHOpe3ucTenTHoro PSI, Bcrpeuatomerocs B 15 %
cinyyaeB. @opMUpOBaHUE MIATHHOPE3UCTEHTHOCTH
HaOIOAeTCs Y 3HAYUTEIFHOW YacTH OONIBHBIX pac-
npocTparneHHBIM PS mocie BeipaxkeHHOTO 3(dheKkTa
nepBbix KypcoB [IXT. B Hacrosimiem ucciieoBaHud
npoBeJieHo nzyuenne napopmarusaoct MI'X moka-
3areneit nponudeparuBHoi aktuBHOCTH (Ki67), 9KC-
nmuonHo# penapanun JJHK (ERCC1) u addroxca
(ABC-tpancmnioprepst Pgp 1 BCR) B cepo3HbIX Kapiiu-
HoMax sitmgyHrKoB high grade, a Taxke CTaTUCTUYECKUX
cBsi3eil Mexxay HumH nocie dpdexrnBroin HAITXT
JUTSL TIPOTHO3MPOBAHUS Pa3BUTHS TUIATHHOPE3UCTEHT-
HocTtu Ha dtame AIIXT. Iloka3aHo, 9TO OMyXOJIH,
BITOCJIE/ICTBUM YTPATUBIIINE UyBCTBUTELHOCTh K TIpe-
naparam 1iatunbl Ha dtane AIIXT, B neiaoM umenu
OoJiee BEICOKHE TTOKa3aTesy 110 CPAaBHEHUIO C KapIlu-
HOMaMH, COXPaHUBIITAMH TUTATHHOYYBCTBUTEIBHOCTb.
B T0 ke BpeMs HU3Kas ¥ OTpHUIIATEIbHAs SKCTIPECCHS
HaOII0aKCh B psijie ciiydaeB U npu GOpMHUPOBAHUN
IJIaTUHOPE3UCTeHTHOTO PS, a BeipaXkeHHas sKcmpec-
CHs M3YYCHHBIX [TOKa3aTesiel HepeaKko OTMedanach u
B TTATHHOYYBCTBHUTEIBHBIX OIMYXOJISIX, HECMOTPS Ha
s pextuBHOCTE HATTXT. D10 OTpakano n3HadaibHO
BBICOKHI arpeCcCHUBHBIN MOTEHLINAN CEPO3HBIX KapLu-
HOM SIMYHUKOB W BBICOKYIO IJIACTUYHOCTH MTPOIECCOB
skcrm3nonHoM penaparnun JJHK u addiroxca xummo-
MpernaparoB B OMYXOJIEBBIX KIETKaX, COCOOHBIX B
MOCJIeAyIomEeM 00eCeYlTh pa3BUTHE MX IUIATHHO-
pesuctenTHOCTH. COBIIaJIeHNe HUAara30HOB 3HAUe-
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T.S. Sudarskikh', L.V. Larionova'? M.A. Rakina'?, J.G. Kzhyshkowska'3#

"National Research Tomsk State University

36, Lenina St., Tomsk, 634050, Russia

2Cancer Research Institute, Tomsk National Research Medical Center, Russian Academy of Sciences
5, Kooperativny St., Tomsk, 634009, Russia

SUniversity of Heidelberg

1-3, Theodor-Kutzer-Ufer, Mannheim, 68167, Germany

“German Red Cross Blood Service Baden-Wirttemberg-Hessen

107, Friedrich Ebert St., Mannheim, 68167, Germany

Abstract

Introduction. Tumor-associated macrophages (TAMs) are essential innate immune cells in the tumor
microenvironment. TAMs can stimulate cancer cell proliferation and primary tumor growth, angiogenesis,
lymphangiogenesis, cancer cell invasiveness in vessels and metastatic niche formation as well as support
chemotherapy resistance. TAMs are phenotypically diverse both in various cancer localizations and in
intratumoral heterogeneous compartments. Tumor-specific modeling of TAMs is necessary to understand
the fundamental mechanism of pro- and anti-tumor activity, to test their interaction with existing therapies,
and to develop TAM- targeted immunotherapy. Aim of study: To investigate cancer-specific transcriptomic
features of ex vivo human TAM models. Material and Methods. Here we compared transcriptomic profiles
of TAMs for breast, colorectal, ovarian, lung, and prostate cancers ex vivo. Human monocytes were isolated
from buffy coats, and then stimulated by the tumor cell conditioned medium ex vivo. Using real-time PCR,
we quantified the expression of key TAM biomarkers including inflammatory cytokines, scavenger-receptors,
angiogenesis-regulating genes, and matrix remodeling factors. Results. PCR analysis allowed revealing
cancer-specific expression profiles of modeled TAMs. By comparing the existing knowledge about TAM
phenotypes in human tumors in vivo with the collected data, we discuss the advantages and limitation of
ex vivo TAM models derived from human blood monocytes. Conclusion. Monocytes-derived macrophages
stimulated with cancer cell-conditioned medium can, to a certain extent, allow modeling of cancer-specific
programming of TAMs. Our model system is valuable to examine agents reprogramming key TAM pro-tumoral
activities, and for the reproducible analysis of mechanistic events that program tolerogenic status of TAMs
towards cancer cells.

Key words: tumor-associated macrophages, M1/M2 classification, cytokines, scavenger-receptors.
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AHHOTauus

Bseaenue. OnyxoneaccouunmposaHHble Makpodarn (OAM) SBASOTCS BaXXHLIMU KNETKAMU BPOXAEHHOTO UMMYHW-
TeTa B MUKPOOKPYxeHun onyxonu. OAM MoryT CTMMynupoBaTh NponundepaLymio OnyxoneBbiX KNETOK 1 pocT nep-
BWYHOW OMyXOnu, aHrMoreHes, NMMaHrmoreHes, MHBasuio ONyxXoneBbIX KNETOK M 06pa3oBaHye MeTacTaTu4eckmx
HULL, @ TaKKe BMUSATb Ha YyBCTBUTENbLHOCTL OMyXxonu K xumuotepanun. OAM — deHoTunuyeckn pasHoobpasHas
noNynsAuMs KNeTok, U UX reTeporeHHOCTb HabnaaeTcs B 3aBUCHMOCTM Kak OT flokanusaumm paka, Tak u oT ux
BHYTpuonyxonesoro pacnonoxeHunsa. MogenuposaHne OAM B cuctemax ex vivo Heobxoanmo Ans NoHMMaHUS
MONeKynApHbIX MEXaHW3MOB VX MPO- U NPOTUBOOMYXONEBON aKTUBHOCTU, TECTUPOBaHNSA UX B3aUMOLENCTBUSA C
CYLLIECTBYIOLLMMM MPOTUBOOMNYXONEBLIMM Npenapatamun unun Ansa paspabotkn OAM-TapreTHon MMyHoTepanuu.
Llenb nccnepoBaHus — n3yunTb cneynduyHbie ANS paka TPaHCKPUNTOMHbIE 0CO6eHHOCTM mogenbHbIx OAM
yenoseka ex vivo. MaTepuan n metoabl. [poBefeHO CpaBHEHME TpaHCKPUNTOMHbIX npodunent OAM paka
MOIOYHOW Xenesbl, KOMOPEKTanbHOro paka, paka SM4HWUKOB, paka ferkix 1 paka npoctatbl ex vivo. MoHouuTbl
YyenoBseka BbIAENAnu U3 NerKoLMTapHON NNEHKM, a 3aTeM CTUMYNMPOBau CPEAON, KOHANLMOHVPOBAHHOW OMyXO-
nesbIMU KkneTkamu. Micnonbays MNLP B pexume peanbHOro BpeMeHu, KoNnMYeCcTBEHHO OLeHMBanach akcnpeccus
kntoyeBbIx Gromapkepos OAM, BktoYas BOCMANUTENbHbIE LMTOKVHbI, CKaBEHKEP-PELENTOPbI, PerynaTopsl
aHrvoreHesa 1 hakTopbl peMOoAeNMpPoBaHNSA BHEKNETOUHOro matpukca. PesynbTartsl. [NLP-aHann3 no3sonun
BbISBUTb CrieumdmnyHbIe Ans paka npodunu akenpeccum mogenbsHeix OAM. MNpu cpaBHEHNM HAKONMEHHbIX CBeae-
HWi 0 peHoTnax OAM B onyxonsx Yenoseka in vivo ¢ cobpaHHbIMM AaHHLIMU Bbinn 06CyXAeHbI NpenMyLLecTsa
1 orpaHnyeHus Hawen mogenu OAM ex vivo, Nony4yeHHoOW 13 MOHOLIMTOB KPOBU YernoBeka. BbiBoabl. Ex vivo
cuctema Makpoaros, Noy4YeHHbIX U3 MOHOLMTOB, CTUMYNPOBAHHBIX CPEeAOoW, KOHOAULMOHNPOBAHHOW PakoBbIMU
KrneTkamu, MOXeT B onpeerieHHoN CTENeHn No3BONMTbL MOAENNPOBaThL cneumduyeckoe AN pasHbIX onyxonen
nporpammupoBaHne OAM. Hawa mogenbHas cuctemMa MoXeT ObITb nonesHa Ans nsyvyeHns MexaHu3moB Aen-
CTBUS TapreTHbIX areHToB, NepenporpaMmmmpyoLLMX KnoveBble Npoonyxonesbie aktuBHocTM OAM.

KnioyeBble croBa: onyxoneaccouunpoBaHHbie Makpodaru, M1/M2 makpodparu, LMTOKMHBI,
cKaBeHXep-peLenTopsbl.

Introduction

Macrophages are essential components of the
innate immune system playing crucial role in inflam-
mation and cancer [1]. Macrophages are generally
divided into two polarization states: classically ac-
tivated pro-inflammatory macrophages 1 (M1) and
alternatively activated anti-inflammatory macrophages
2 (M2) [2, 3]. In tumor microenvironment (TME),
M1 macrophages are classified as antitumor and are
able to recognize and kill cancer cells, while M2
macrophages promote tumor growth [3]. M1 and M2
polarization is triggered by diverse stimuli from the
microenvironment, including growth factors, cytok-
ines, chemokines, components of extracellular matrix
(ECM), and other molecules [4, 5]. M1 macrophages
express nitric oxide, reactive oxygen species, number
of pro-inflammatory factors (IL-1p, IL-6, IL-12, IL-23,
CXCL9,CXCL10,CXCL11, and TNF-a), and surface
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receptors including molecules of the main histocom-
patibility complex [MHC], CD68, CD80, CD86, and
MARCO. Oppositely, M2 macrophages abundantly
express anti-inflammatory factors, including IL-10,
TGF-p, CCL14, CCL17, CCL18, CCL22, CCL24,
arginase-1, CD206, CD204, and CD163 [4, 5].

Tumor-associated macrophages (TAMs) stimu-
late angiogenesis, metastasis, tumor cell immunity
evasion, tumor cell proliferation and tumor growth,
which has been shown in numerous in vitro and in
vivo studies [1, 3, 6]. The predominance of M2 mac-
rophages in the TME correlates with poor prognosis
in lung cancer [7, 8], colorectal cancer [9], breast
cancer [6], ovarian cancer [10], and other cancers. In
the TME, M2 macrophages contribute to the survival
of cancer cells and reduce their apoptosis [11], while
M1 macrophages, on the contrary, promote apoptosis
of cancer cells [8].
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Many studies performed using cancer patient ma-
terial demonstrate more complex diversity of TAMs
inside the tumor that doesn't conform to generally ac-
cepted M1/M2 in vitro classification [2, 12]. Moreover,
state-of-the-art technologies of single cell and spatial
analysis open the perspectives to distinguish novel
subpopulations of TAMs in different cancers [13, 14].
Despite the fact that in vitro studies of TAM activities
have been performed for many years, recent advances
allowed improvement and modify such models.

In our study, we generated TAMs for breast,
colorectal, ovarian, lung, and prostate cancers using
CD14+ human monocytes by stimulating them with
cancer cell conditioned medium. We analyzed ma-
jor TAM biomarkers, indicating pro-tumor activity,
widely used for the analysis in vitro and in vivo. The
advances and limitations of our models were demon-
strated and discussed.

Aim of study: To investigate cancer-specific tran-
scriptomic features of ex vivo human TAM models.

Material and Methods

Cell cultures

Tumor cell lines were obtained from the biore-
source collection of vertebrate cell cultures of the
Institute of Sciences of the Russian Academy of Sci-
ences (St. Petersburg, Russia) and from the collection
of The Global Bioresource Center, the American Type
Culture Collection (ATCC, USA).

The following tumor cell lines were used for
the study: MCF7 (breast adenocarcinoma, subtype
LumA), BT474 (breast adenocarcinoma, subtype
LumB), MDA-MB-231 (breast adenocarcinoma, tri-
ple-negative cancer), SKBR3 (breast adenocarcinoma,
expressing human epidermal growth factor receptor
2 (HER2) cancer), SW837 (rectal adenocarcinoma),
SKOV3 (ovarian serous cystadenocarcinoma), PC3
(prostate adenocarcinoma), and A549 (lung adeno-
carcinoma) [15]. Each cell line was cultured in rec-
ommended growth medium supplemented with 1 %
antibiotic penicillin/streptomycin (PanEco, Russia) and
10 % fetal bovine serum (FBS) (Capricorn, Germany).
Before use, the FBS was inactivated at 56 °C for 30 min.
MCF7, MDA-MB-231 and A549 cell lines were grown
in DMEM medium (Gibco, USA); BT474, SKBR3,
SKOV3, and PC3 cell lines were grown in RPMI11640
medium (Gibco, USA); SW837 cell line was cultivated
in Leibovitz’s medium (Gibco, USA). Conditioned can-
cer cell supernatants were collected and filtered through
sterile syringe filters with low protein binding ability
having a 0.22 um pore size (Millipore, USA). Filtered
tumor cell line conditioned media were frozen at —80 °C
until the stimulation of freshly isolated monocytes.

Monocyte isolation

Human monocytes were obtained from the Si-
berian Federal Scientific and Clinical Center of the
Federal Medical and Biological Agency (Seversk,
Russia). Monocytes were isolated from the buffy coats
of ten healthy donors using magnetic sorting (MACS)
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with CD14-positive selection. The buffy coats were
diluted with PBS free of Ca?* and Mg?* (Gibco, Ther-
moFisher) at a ratio of 1:1. The resulting suspension
(30 ml) was layered on 15 ml ficoll density 1.077
(PanEco, Russia). The mononuclear fraction after
centrifugation was collected from the ficoll/serum
interphase, transferred to fresh tubes, and washed
twice with PBS. The washed cells were resuspended
in 5 ml PBS and applied to a percoll-based continu-
ous gradient consisting of 13.5 ml percoll (Sigma,
USA), 1.5 ml 10x Earl’s minimum basic medium
(Sigma, USA) and 15 ml Spinner’s medium (Sigma,
USA). After centrifugation, the fraction in the up-
per part of the gradient enriched in monocytes up to
60—-80 % was collected and washed 3 times with PBS.
The monocyte-enriched fraction was used for mag-
netic sorting of cells using human CD 14 MicroBeads
(Miltenyi Biotech, USA). The purity was 95-98 % that
was monitored by analysis of the surface expression
of the monocyte marker CD14 by flow cytometry
(CytoFLEX, Beckman Coulter, USA).

Modeled system

for tumor-associated macrophages

A model system for tumor-associated macrophages
(TAMs) was obtained by the stimulation of primary
human monocytes with cytokines (M-CSF 10 ng/ul
[RP01221, ABclonal, China] and IL-4 10 ng/ul
[RP00995, ABclonal, China]), and Dexamethasone 10
M (D4902, Sigma, USA) and cancer cell conditioned
media as has been described in our recent study [16].
Monocytes were cultivated at a concentration of 1x10°
cells/ml. Tumor cell supernatants were added to freshly
isolated monocytes in an amount of 20 % of the total
volume of the medium. As a control, monocytes were in-
cubated with 20 % of empty cancer cell culture medium
(DMEM, Leibovitz’s or RPMI1640). Cells were cultured
for 6 days at 37°C. After 6 days of cell incubation, the
medium was removed, the plates with cells were placed
onice, and lysis buffer was added. Cell lysates were used
for RNA isolation and further cDNA synthesis.

Quantitative real time PCR

RNA isolation from TAM samples was carried out
according to the standard method using RNeasy Mini
Kit (#74004, Qiagen, USA). cDNA synthesis was
performed using RevertAid First Strand cDNA Syn-
thesis Kit (#K1621, Thermo Fisher Scientific, USA)
with random hexanucleotide primers in accordance
with the instructions for the kit. Gene expression was
measured using Tagman technology and normalized to
housekeeping gene expression for glyceraldehyde-3-
phosphate dehydrogenase (GAPDH). 2724¢T algorithm
was used to calculate the expression of genes of inter-
est. First, the difference in threshold cycle between the
target and reference genes was calculated:

ACT = CT(a target gene)—CT(a reference gene).

Second, the difference between the target and
reference samples was calculated:

AACT = ACT(a target sample)—~ACT(a reference
sample).
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Finally, to work out the gene expression we did 2
to the power of negative AACt:

Fold gene expression = 2*-(AACY).

Primers were designed using Vector NTI Advance
11.5.4 (Vector NTI, RRID:SCR_014265) and
NCBI database. The primers were synthesized by
DNA Synthesis (Moscow, Russia). qRT-PCR was
performed using AriaMx Real-Time PCR thermocycler
(RRID:SCR_019469, Agilent Technologies, USA).

The expression of genes that functionally refer to
the pro- and antitumor TAM polarization was analyzed:
IL1p, CXCLS, IL6, MRC1, CD163, MARCO, CXCLI10),
CCL2, MMP9, SPP1, SPARC, S10044, IL10, Stabl,
CHIDI, CHI3L2, CHI3LI, CCL18, VEGFA, TGFb,
SOCS3, CCLR2, and GATA3 (Table 1).

Statistical analysis

Statistical analysis was performed using Statistica
8.0 for Windows and GraphPad Prism 8.4.2. Shapiro—
Wilk test was used for normality. The Mann—Whitney
test for independent groups was implemented. Results
of real-time PCR were presented using GraphPad
Prism 8.4.2 software. Results were considered to be
significant with p<0.05.

Results

The major aim of the present study was to find
significant differences in the phenotype of TAMs
activated by the stimuli from the conditioned medium
(CM) of different cancer cell lines: breast cancer
(luminal A, luminal B, triple-negative breast cancer

Table 1/Tabnuua 1

Sequences of primers with original design
MNocnepoBaTenbLHOCTM NpaiiMepoB OPUTrMHaNbHOIO An3aHa

Gene/
Sequence/IlocienoBarebHOCTh
I'en
F 5'- GCCAGCCGAGCCACATC-3'
R 5'- GGCAACAATATCCACTTTACCAGA-3'
FAM-CGCCCAATACGACCAAATCCG-BHQI1
F 5'- CTCGCTCAGCCAGATGC -3'
R 5'- ACTTGCTGCTGGTGATTCTTC -3'
FAM-CAATGCCCCAGTCACCTGCTGT-BHQI
F 5-CCAAGCCAGGTGTCATCCT-3'
R 5'-CTTCAGGTCGCTGATGTATTTCT-3'
FAM-CCACTTCTTATTGGGGTCAGCACAGATC -BHQ1
F 5'- GGCACCAGAGGATGAATATGATG-3'

R 5'- GCGTCATACTTGTCACATTGC-3'
FAM-CATAGAAGGTGAACTGGAGAGCGATGAG-BHQI
F 5'-TAGTGAGTGTGGGCACAAGG -3'

R 5'-CCGACTGCAATAAAGGATGA-3'
FAM-CACAACAGGTCGCTCATCCCG-BHQ1
F 5'- CCAGGTGGCAAAGAACCA -3'

R 5'- TGGGTGAGCATGTGGATGA -3'
FAM-CGATGGCTTCGTGGTGGAGGT-BHQ1
F 5'- CTCAAGAACAGGAACCCCAA -3'

R 5'- GGCTATCTTGGAAAATCTTTGAG -3'
FAM-TTGTCTGTCGGAGGATGGAACTT-BHQI1
F 5'- AACAACAAGGTTATCATCAAGGAC -3'

R 5-TTTGGGATTCTTGGTTTTGAG -3'
FAM-AGTGAAGTGATGCTCTACCAGACCAT-BHQI1
F 5'- CACTGTGTGTAAACATGACTTCC -3'

R 5'- GGTGGAAAGGTTTGGAGTATGT -3'
FAM-CAGTTTTGCCAAGGAGTGCTAAAGAACT-BHQI
F 5'- AGTGGCATTCAAGGAGTACCT -3'

R 5'- CTAAAGACCTTGGATTAACAGGTT -3'
FAM-TGATGCAGGTACAGCGTACAGTTCTA-BHQ1
F 5'- CCTCATTAAGCCCAAGCGAA -3'

R 5'- AGAGTGTGGTTGTGGTGGT -3'
FAM-CAGCCAGGAGAGCAGGGACG-BHQI
F 5'-TGGCTTATTACAGTGGCAATG-3'

R 5-TGGAAGGAGCACTTCATCTC-3'
FAM-CCATCAGCTTCAAAGAACAAGTCA-BHQI1

GAPDH

cCL2

CCLI1S8

CCRL2

CDI163

CHIDI

CHI3L1

CHI3L2

CXCLS8

CXCL10

GATA3

ILIB

Note: created by the authors.

HpI/IManHI/IeZ TabNMIa COCTaBICHA aBTOpaMH.
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Gene/
Sequence/IlocinenoBaTeIbHOCTD
I'en
F 5'- CTGGATTCAATGAGGAGACTTG -3'
1L6 R 5'- GCTTGTTCCTCACTACTCTCAAA -3'
FAM-TCATCACTGGTCTTTTGGAGTTTGA-BHQ1
F 5'- GCTGGAGGACTTTAAGGGTTA -3'
R 5'-TGTCTGGGTCTTGGTTCTCA -3'
FAM-AGCCTTGTCTGAGATGATCCAGTTT-BHQI
F 5'- CAGGGAGTGAAAGGATCTTCT -3'
R 5'- GGACACTGAGTTTTCACCTCTT -3'
FAM-AGCAAGGAGTAAAGGGAGAAAAAGG-BHQI1
F 5'- CTTCCAGTACCGAGAGAAAGC -3'
R 5'- GCAGGATGTCATAGGTCACG-3'
FAM-TTCTGCCAGGACCGCTTCTACTG-BHQ1
F 5'- CTGCGACAGTAAACGAGGCT -3'
R 5'- TGTTTGAATCGTTGCTGGAGG -3'
FAM-TGCCAGACACGATCCGACCCTTCC-BHQ1
F 5'- GATTCTACTCTGTGCCTCCTGA-3'

R 5'- GCTGAGTATGTGGCTTTCCTATG-3'
FAM-AGAGATTCGCCTTAAATGCTCCCTGTCC-BHQ1
F 5'- ACCTGACATCCAGTACCCTGA -3'

R 5'-ACGGCTGTCCCAATCAGAAG-3'
FAM-TGGAAAGCGAGGAGTTGAATGGTGCATACA-BHQI1
F 5'- CTGTGACCTGGACAATGACAA -3'

R 5'- ATCCTTGTCGATATCTCTGCTTG -3'
FAM-TACATCGCCCTGGATGAGTGGG-BHQ1
F 5'- TCCGCCTCCTGGAATATAAG -3'

R 5'- CAGCTCATCCTGCGACAG -3'
FAM-TTCACCATCTTCGTGCCGCA-BHQI1
F 5'- TCTTGGTTTGATCCTGACTGC -3'

R 5'- CACCCTCTTTGCCCGAGTA -3'
FAM-CATGGCGTGCCCTCTGGAGAA-BHQI1
F 5'- CCTGGACACCAACTATTGCTT -3'

R 5'- TCCTTGCGGAAGTCAATGTAC -3'
FAM-TCCACGGAGAAGAACTGCTGCG-BHQ1
F 5°- GAATCATCACGAAGTGGTGAA -3’

R 5’- TGGCTTGAAGATGTACTCGAT -3’
FAM-CGAGACCCTGGTGGACATCTT-BHQ1

IL10

MARCO

MMP9I

MRC1

SOCS3

SPPI

SPARC

STABI

S10044

TGFb

VEGFA
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Table 2/Ta6bnuua 2

Differential expression of macrophage-related genes in models of human ex vivo TAMs

OnddepeHumanbHan akcnpeccus reH

oB B moaenbHbiXx OAM yenoBeka ex vivo

Genes MCEF-7 BT-474 MDA-MB-231 SKBR-3 SW-837 SKOV-3 PC-3 A-549
Inflammatory cytokines/BocmannTenbHble IUTOKHHEI
0.6829 1.1886 0.7584 0.304
11b 0.0708 p=0.0185 p=0.0264 p=0.0185 0.0301 0.0556 p=0.0433 0.7093
15.284 11.284
IL6 0.642 4.018 p=0.0653 15.354 -5.558 1.058 2.651 p=0.0947
0.9206 0.5997 0.2799
CXCLS8 0.0891 0.184 0.5903 p=0.0052 p=0.0753 p=0.0524 0.5866 0.7385
IL10 0.2717 0.0953 pg()ngS 0.2802 -0.3514 -0.228 0.2129 -0.0962
Macrophage recruitment and polarization/PekpyTnpoBanue U moisipu3anys Makpogharos
6.063 8.249 10.849 5.981
cCeL2 3.561 2.32 p=0.0435 p=0.0355 1.008 1369 p=0.0115 p=0.0101
CCRL2 0.0668 -0.0964 -0.1146 0.4802 -0.046 9'2832 0.1275 -0.0833
p=0.0892
2.0198
GATA3 0.3042 -0.0948 p=0.0814 0.5335 0.1705 -0.1682 0.2665 0.6828
SOCS3 0.05546 0.19895 0.24187 0.21025 -0.03503 0.00763 0.02615 0.01563
9.3161 3.6161
CXCLI10 -2.3641 0.5281 -2.1778 p=0.043 -0.1853 0.9031 p=0.0748 -2.674
CHIDI 0.1138 -0.0456 -0.10158 -0.017 -0.0513 -0.0697 0.0218 -0.13091
Scavenger receptors/CkaBeHIKep-PEIenTOPEI
STABI -0.0851 0.1487 -0.0062 0.0135 -0.2077 -0.3165 0.7053 -0.1652
CD163 -0.0022 0.469 0.4436 -0.1097 -0.1522 -0.1923 0.347 0.1672
MRCI -0.718 0.053 0.709 -0.122 -0.753 -0.393 1.029 -0.517
p=0.0787
MARCO 0.09016 0.2859 0.46816 0.0458 -0.1616 -0.002 0.244 0.00527
Angiogenesis-regulating proteins/benku-perynsTopsl aHrHOreHe3a
SPPI -0.1136 -0.2487 -0.2316 -0.6193 1.8967 2.269 0.025 -0.2781
-0.1845 -0.381 -0.3367 0.5231 -0.3005 -0.3865
SPARC -0.1954 p=0.0856 p=0.001 p=0.0719 p=0.0753 0.0771 p=0.022 p=0.0056
-0.6318 -0.3758 -0.6588 -0.282 -0.2738 -0.3761 -0.627
S10044 p=0.0435 p=0.0606 p=0.0041 p=0.0504 01381 p=0.0416 p=0.0122 p=0.0764
0.4883 0.3102
VEGFA -0.1784 0.1331 -0.0798 p=0.0892 p=0.0753 -0.018 0.0415 0.2266
CHI3L1 0.0719 -0.2876 -0.0873 -0.2283 0.0471 -0.2348 -0.38 -0.2332
CHI3L2 -0.1279 0.2445 0.3945 0.2328 -0.1195 0.08 0.0608 0.0507
Matrix remodeling and invasion/PemonenupoBanie MaTpukca U HHBA3US
MMP9 -0.0091 0.2479 0.3284 9'5292 0.0717 0.2582 0.2861 -0.0266
p=0.0892
TGFb -0.0806 0.117 -0.1939 0.0345 -0.1822 -0.0232 -0.0405 -0.2692
CCL18 1.251 4.623 4.593 -2.241 -0.182 -2.633 -2.269 4.122

Notes: fold changes are indicated for all stimulations in comparison with

control; statistically significant changes are marked in bold; values with

minus indicate decreased expression compared to control, values without minus — increased expression; created by the authors.

ITpuMevanns: KPaTHOCTh H3MCHEHHI UL BCEX CTHMY/IALHI yKa3aHa IO CPABHEHHIO ¢ KOHTPOJIEM; 3HAUHMBIC Pa3IHIUs BBIICICHBI KUPHBIM
mpruQTOM; 3HAYCHHS C MHHYCOM YKa3bIBalOT Ha CHIDKCHHUE SKCIIPECCHH 10 CPAaBHEHUIO C KOHTPOJIeM, Oe3 MHHYca — Ha HOBBINICHNE; TabIuIa

COCTaBJICHA aBTOPaMHU.

[TNBC], and HER2-positive subtypes), colorectal
cancer, prostate cancer, lung cancer, and ovarian
cancer. The comparative analysis was performed
in groups of CM-stimulated TAMs versus TAMs
stimulated by empty media.

The most activated state was observed in TAMs
modeled for breast cancer. Statistically significant
up-regulation of pro-inflammatory cytokines /L1b and
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CXCLS as well as anti-inflammatory cytokine /L10
was found in breast cancer-modeled TAMs compared
to control (Table 2, Fig. 1). The mRNA expression
of pro-migratory factors CCL2 and CXCLI1( were
elevated in modeled TAMs (Table 2, Fig. 2). In contrast,
downregulation of angiogenesis-regulating genes
SPARC and S100A44 was detected in breast cancer TAMs
compared to controlmedia(Table 2, Fig. 1 supplementary).
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Fig. 2. The mRNA expression of pro-migratory factors in human modeled TAMs.

Notes: * — p<0.05; created by the authors
Puc. 2. Skcnpeccus MPHK npo-murpaumoHHbix dhaktopos B MogenbHbix OAM venoBeka.

Mpumevanus: * — p<0,05; gnarpaMmmbl BbINOMHEHbLI aBTOPaAMU

59

CVBUPCKNN OHKONOTIMYECKUW XKYPHAIL. 2024; 23(4): 54-65



LABORATORY AND EXPERIMENTAL STUDIES

Fig. 3. The mRNA expression of
scavenger receptors in human mod-
eled TAMs.

Note: created by the authors
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The elevated expression of /L/b and CCL2 was
observed in TAMs stimulated by CM of HER2-positive
(SKBR-3) (0.920 [0.480; 1.226] vs 0.162 [0.102;
0.318], p=0.018 for /L1b and 9.870 [3.012; 19.04] vs
1.621 [0.526; 6.573], p=0.035 for CCL2) as well as
triple-negative (MDA-MB-231) (1.342[0.472;2.501]
vs 0.1534 [0.083; 0.208], p=0.026 for /L /b and 7.208
[2.811; 16.07] vs 1.145 [0.638; 5.957], p=0.043 for
CCL2) cell lines, correspondingly, but not of hormone-
dependent luminal subtypes (Table 2, Fig. 1, Fig. 2).
Accumulating evidence demonstrated the differences
in triple-negative breast cancer (TNBC), or basal-
like subtype, compared to luminal subtypes [17, 18].
In our model, CCL2 expression was also elevated
in TAMs of non-luminal subtypes. Up-regulation of
pro-inflammatory cytokines CXCLS (1.122 [0.497;
2.421] vs 0.201 [0.051; 0.404], p=0.005) and pro-
migratory factor CXCLI0 (9.913 [0.826; 30.06] vs
0.596 [0; 6.626], p=0.043) was detected in TAMs
stimulated by CM of HER2-positive (SKBR-3) cell
lines, but up-regulation of anti-inflammatory cytokine
IL-10 (1.190 [0.694; 1.846] vs 0.322 [0.057; 0.877],
p=0.035) was observed only in TAMs stimulated by
CM of triple-negative (MDA-MB-231) cell lines
(Table 2, Fig. 1, Fig. 2). In addition, in our model,
angiogenesis-regulating genes (SPARC, S100A44)
[19] were downregulated in TAMs stimulated by
CM of luminal A (MCF-7) (0.683 [0.569; 0.967] vs
1.315[0.794; 1.385], p=0.043 for S100A44) and triple-
negative (MDA-MB-231) cell lines (0.251 [0.146;
0.285]vs 0.632[0.556; 0.902], p=0.001 for SPARC and
0.656 [0.406; 0.979] vs 1.315[0.794; 1.385], p=0.004
for S10044) (Table 2, Fig. 1 supplementary).

Similar to breast cancer-stimulated macrophages,
the expression of /L1b (0.466 [0.258; 1.044] vs
0.162[0.102; 0.318], p=0.043), CCL2 (12.47 [3.164;
25.44] vs 1.621 [0.526; 6.573], p=0.011), SPARC
(0.345 [0.190; 0.555] vs 0.645 [0.427; 0.921],
p=0.022), S10044 (0.570 [0.343; 0.741] vs 0.9463
[0.695; 1.241], p=0.012) was statistically significant
differed in TAMs of prostate cancer, compared to the

CUBUPCKIY OHKONOTMYECKW XXYPHAT. 2024; 23(4): 54-65

control macrophages (Table 2, Fig. 1, Fig. 2, Fig. 1
supplementary).

In modeled lung cancer-associated TAMs, CCL2
was also upregulated compared (7.126 [5.382; 15.14]
vs 1.145 [0.638; 5.957], p=0.010) to control media-
stimulated TAMs (Table 2, Fig. 2). CCL2-CCR2 axis,
which is a prominent activator of monocyte/macrophage
recruitment, facilitate lung cancer progression [20, 21].
In addition, S700A44 was downregulated (0.688 [0.194;
0.924] vs 1.315 [0.794; 1.385], p=0.005) in TAMs
stimulated by CM of lung cancer cell line (A-549)
(Table 2, Fig. 1 supplementary).

However, tumor-induced macrophages in our
model didn't show any changes in the expression of
general markers of TAMs, that belong to scavenger-
receptors (CDI163, MRC1, MARCO, Stabl) [22]
(Table 2, Fig. 3) and markers associated with matrix
remodeling (Table 2, Fig. 2 supplementary).

Discussion

It is well known that the TME can determine the
polarization state of TAMs [4, 23]. M1/M2 paradigm
has existed for more than 30 years and it reflects two
extreme states of macrophage polarization — pro-
inflammatory M1 and anti-inflammatory M2 [24].
In the context of tumor microenvironment, these
states were defined as anti-tumor and pro-tumor,
consequently [2, 24]. Recently, with the introduction of
many advanced technological methods such as single-
cell and spatial analysis we can look deeper into tumor
composition to dissect multiple cell phenotypes with a
distinct functional activity [25, 26]. Following that, a
large diversity of dynamic cell subpopulations within
a tumor has been revealed. Most recently collected
single-cell data suggest that up to 10 subsets of TAMs
may be distinguished, depending on the cancer type
and localization [27, 28]. These studies allowed
identifying new macrophage markers. Interestingly,
generally accepted markers of scavenger-receptor
macrophages [2] are not always in the top genes
of TAM subsets, or aren’t even present in the gene
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signature [29]. Nevertheless, researchers continue
to use them in many in vitro and in vivo studies as
differential markers of M1 and M2 macrophages.
Well-known existing in vitro models for human
macrophage analysis include either stable macrophage
cell lines (e.g. THP-1 cells) or monocyte-derived
macrophages [30]. However, most of the methods
are based on the use of limited differentiation and
polarization factors which determine the monocyte
to macrophage transition [31]. It becomes clear that
macrophages obtained in vitro do not reflect that
intricate phenotypic diversity which develops under
the influence of tumor environment [2, 12]. This
can explain the limitations of existing macrophage
targeting and inability of multiple approved clinical
trials to overcome therapeutic failure [32, 33]. Thus,
translatable and reproducible in vitro models for human
macrophages are under intensive investigation [31].
In our study, we used an experimental ex vivo model
of TAMs, which, in our opinion, can most accurately
reflect the influence of tumor factors on macrophages.
For this purpose, we treated human monocyte-
derived macrophages with M2-polarizing cytokines
and conditioned tumor supernatants. Generation of
monocyte-derived TAMs subjected to the tumor-
conditioned media presented more features that are
similar to in vivo TAMs, compared to macrophages
generated by cytokine stimulation alone [34]. The
main question we raised was whether this model can
adequately reflect the diversity and real functional
activity of TAMs in the TME. The most pronounced
up-regulation of macrophage-associated markers was
detected in breast cancer TAMs. Accumulating evidence
demonstrated the differences in triple-negative breast
cancer (TNBC), or basal-like subtype, compared to
luminal subtypes [17, 18]. Basal-like breast cancer
cells determine more prominent differentiation of
THP-1 cells compared to luminal cancer cells [35].
In vitro stimulation of macrophages with basal-like
cells induced mixed M1/M2 phenotype [35] that is
similar to observations made by us. However, gene
expression analysis did not show differences in the
expression of the main markers including scavenger-
receptors (CD163, MRC1, MARCO, Stab1) or markers
associated with matrix remodeling, although, elevated
expression of these markers was observed in human
tumor tissue TAMs and was significantly correlated
with outcome of cancer patients [2, 19, 36].
Different studies show the variety among the
induced phenotypes of TAMs. This depends on both
the type of the model system and the differentiating and
polarizing factors that are used to skewer macrophages
into a pro-tumor phenotype. For instance, authors
revealed that 1L-34 and CXCL4 have similar
functions to M-CSF and activate the same pathway
for differentiation of macrophages in vitro [31].
Monocyte-derived macrophages stimulated by 1L.-34
acquire macrophage-like morphology and express
CD45 and CD68. But, IL-34-treated macrophages
show increased phagocytic capacity and higher IL-10
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and CCL-17 production after stimulation, and CXCLA4-
activated macrophages have more pro-inflammatory
features compared to M-CSF-stimulated ones [31].
Authors of another study determined that CD40 and
CD64 are the most distinctive makers for human M1
macrophage activation and CD163 and MR for M2
macrophage activation ex vivo [37]. They also revealed
that adherent and floating macrophages could have
different activation state. Thus, the expression of MR
and CD40 was indicative for adherent cells compared
to the floating cells. Distinct activation states of human
monocyte-derived macrophages were found when they
matured with M-CSF or GM-CSF [37]. Monocyte-
derived macrophages (MDMs) differentiated under
serum-free conditions displayed greater phagocytic
properties and tumor promoting activity for M2
macrophages in contrast to MDMs differentiated in the
presence of serum [38]. Monocyte isolation method
can also affect the phenotype of resulting macrophages
ex vivo [39]. Expression of CD163 and CD14 were
significantly lower on monocytes isolated by CD14-
positive selection and by simple plastic adhesion,
compared to untouched peripheral blood mononuclear
cells. MDMs from plastic adhesion were M 1-skewed
(CD80Meh HLA-DRMe" CD163"), whereas MDMs
obtained by negative selection were M2-skewed
(CD80 HLA-DR" CD163"¢") [39].

Moreover, in the majority of studies insufficient
attention is given to the components of culture media
used for cancer cell passaging that can contain diverse
growth factors affecting macrophage phenotype. In
our ex vivo models, we provide the necessary control
and clearly differentiate between the effects of empty
cancer cell culture medium and conditioned cancer
cell culture medium.

It becomes clear that traditional in vitro models
cannot reproduce the genetic, phenotypical and
functional features of macrophage environment in
vivo. In recent review, authors provided the idea of
new model systems where macrophages are first
generated according to their ontogenetic identity and
then induced to obtain their tissue-specific entity. One
of such methods is generating macrophages from
induced pluripotent stem cells (iPSCs) [30]. The use of
3D organotypic tumor models combining components
of tumor microenvironment including macrophages
has also become more popular [40, 41]. Authors
of recent study developed 3D multicellular tumor
spheroid (MCTS) model comprising of cancer cells,
fibroblasts, and human monocyte-derived macrophages
[42]. They demonstrated the importance of TAM-
containing models in drug screening of anti-cancer
immunotherapies targeting macrophages [42].

Conclusion

In summary, monocyte-derived macrophages
stimulated with cancer cell-conditioned medium can,
to a certain extent, allow modeling of cancer-specific
programming of TAMs. This model enables analysis
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of the differential expression of genes that are involved
in the major regulatory activities of TAMs that support
primary tumor growth and its metastatic potential.
These gene groups cover inflammatory cytokines,
regulators of macrophage recruitment and polarization,
scavenger receptors, regulators of angiogenesis and
extracellular matrix remodeling, as well as cancer cell
invasion. Our model system is valuable to examine
agents reprogramming key TAM pro-tumoral activities,
and for the reproducible analysis of mechanistic events
that program tolerogenic status of TAMs towards
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Poccus, 123007, r. Mockea, XopolueBckoe L., 76A
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AHHOTauus

PaanoToKCnYHOCTb ABRSETCA Cepbe3Hon Npobnemon Ans naumeHTOoB, NPOXOAALMX fyYeByO Tepanuio,
NMO3TOMY MOUCK HOBbIX MpenapaToB-pPaaMonpoTEKTOPOB AN ocnabneHns ee NnocneacTBUA KpanHe akTyaneH.
PagvonpoTekTopbl 4OMKHLI 06nagaTh pagoM CBOWCTB, B TOM YXCE NPSMbIM aHTUOKCUAAHTHBIM AeNCTBUEM,
CHWXaTb OKUCNUTENbHBIN cTpecc, nHayumposats penapauunio JHK nnu nHrnbuposats anontos 1 npu 3ToM
He BbI3bIBaTb COBCTBEHHBLIX NOBOYHBIX ahdeEKTOB. 10 COBOKYNHOCTV CBONCTB NEPCNEKTUBHBIMU BbIrMAAAT
aHTMOKCMAAHTLI Ha OCHOBE conen nuTus. Llenbio nccnepoBaHusa SBUMOCL U3yYeHUE PaaMONpPOTEKTOPHbIX
CBOWCTB nupyBaTa nutus in vitro. Matepuan n metoabl. B kauectse Gromogenei 4ns oLeHKn BO34enCTBus
PEHTreHOBCKOTO U3My4YeHWs NCMOMNb30Bany OTHOCUTENBHO PagnoYyBCTBUTENbHBIE MOHOHYKEapHbIE KNETKN
KPOBM 1 OTHOCUTENBHO pagnoycTonymeble prubpobnactel nuHum 3T3L1. KneTkn nHkybrposanu n obnyyanm
B 96-nyHOYHbIX nraHweTax. Mupysat nMTns NpuMeHann B omHanbHoOM koHueHTpauum 1,2 MM. ObnyyveHne
NpOBOAUNN C UHTEHCUBHOCTLIO 15 MIp/c B AnanasoHe nornoweHHbIX 403 0—5 'p Ha peHTreHOBCKOW yCTaHOBKe
(aHogHoe HanpspkeHne 160 kB, cpeaHun Tok 3,5 MA). >Kn3HecnocoOHOCTb KNETOK OLIEHUBArM C NOMOLLbIO
MTT-Tecta n pesasypuHoBoro Tecta. OUEeHKY BapuvaHTOB KINETOYHOW rMbenn n ypoBeHb OKUCIUTENLHOTO
cTpecca onpeaensny LMTodrnyopruMeTpudeckum metogom. PesynbTaThbl. YCTaHOBNEHO LMTONPOTEKTOPHOE
AelncTBMe nupyeaTta nnTUS, NPOSBASIOLLEECS B MOBbLILLEHNW BbPKMBAEMOCTUN KINETOK U CHDKEHUU YPOBHS
OKUCNNTENBHOro cTpecca nocne obryyeHns B LUMPOKOM Anana3oHe NOrmnoLleHHbIX Ao3. OTHOCUTENbHO
6onbLuas 3 PEeKTUBHOCTb MOKa3aHa B OTHOLLEHNWM MOHOHYKMEeapHbIX KIETOK KPOBU C MOBbILLEHNEM XN3He-
CNnocobHoW dpakumn KNeTok Ha 5—7 % N CHUXKEHNEM YPOBHS OKMCIUTENBLHOMO cTpecca npu obryyeHnu B
aunanasoHe 1,0-3,0 [p. YcTaHOBMNEHO, YTO anonTo3 ABMSETCS OCHOBHbIM MeXaHU3MOM rmbenu KneTok nocne
obnyyeHus. MNupyBaT NUTUS CHWXKaET YPOBEHb UHAYKLMM anonTo3a B MOMynsuMm KNeTok npu obnyyeHun n
Npn XMMUYECKN NHOYLMPOBAHHOM OKUCIINTENBHOM CTpecce. 3akntoveHume. [okasaHo pagmonpoTekTopHoe
AelnicTBme nupysaTa nUTUS NpU PEHTreHOBCKOM 0BnyYeHum in vitro. BeIBNEHO CHUXEHUE OKUCIUTENBHOTO
cTpecca nNpu AeNcTBUM NupyBara fMTKS, YTO CO34aeT NaToreHeTUYECKY0 OCHOBY Ars MOTEHLMansHoro npu-
MEHEHNS JaHHOro COeAMHEHUs B Ka4eCTBe pagmnonpoTekTopa, YTo TpebyeT AanbHenwmx nccneqoBaHni Ha
mMogensx in vivo.

KnioyeBble crnoBa: nupyBaT NnUTuA, paguonpoTtekums, pudpobnactsi nuHum 3T3L1, MOHOHYyKNneapHble
KNeTKU KPOBM, PEHTFeHOBCKOE U3ry4eHUe, OKUCTNIUTENbHbIA CTPecc, anonTos.
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Abstract

Radiotoxicity is a serious problem for patients undergoing radiotherapy, so the search for new radioprotective
drugs to mitigate its effects is highly relevant. Radioprotectors should have a number of properties, including
direct antioxidant action, reduction of oxidative stress, ability to induce DNA repair or inhibit apoptosis, and
at the same time not cause their own side effects. Antioxidants based on lithium salts look promising in
terms of their properties. The aim of study was to study the radioprotective properties of lithium pyruvate in
vitro. Material and Methods. Relatively radiosensitive blood mononuclear cells and relatively radioresistant
fibroblasts of 3T3L1 line were used as biomodels for X-ray exposure. Cells were incubated and irradiated in
96-well plates. Lithium pyruvate was used at a final concentration of 1.2 mM. Cells were irradiated at a dose
rate of 15 mGy/s in the absorbed-dose range from 0 to 5 Gy using an X-ray unit (anode voltage: 160 kV,
average current: 3.5 mA). Cell viability was assessed by MTT test and resazurin test. The evaluation of cell
death variants and the level of oxidative stress were determined by cytofluorimetric method. Results. The
cytoprotective effect of lithium pyruvate was established. Cytoprotection was manifested in the increased cell
survival and decreased oxidative stress level under lithium pyruvate after X-ray in a wide range of absorbed
doses. Relatively high efficiency was shown in relation to blood mononuclear cells with an increase in the
viable fraction by 5-7 % and a decrease in oxidative stress level during irradiation in the range of 1.0-3.0 Gy.
Apoptosis was found to be the main mechanism of cell death after irradiation. Lithium pyruvate reduced the
level of apoptosis in cell population under irradiation and chemically induced oxidative stress. Conclusion.
Radioprotective effect of lithium pyruvate under X-ray irradiation in vitro has been shown. Reduction of oxidative
stress under the action of pyruvate provides a pathogenetic basis for the potential use of this compound as
a radioprotector, which requires further studies on in vivo models.

Key words: lithium pyruvate, radioprotection, fibroblast line 3T3L1, blood mononuclear cells, X-ray
radiation, oxidative stress, apoptosis.

Beenenue

JlydaeBas Tepamus ABISETCS OOHUM M3 HamOolee
pacnpocTpaHEHHBIX METOJOB JICUEHHUS 3JI0Kade-
CTBEHHBIX HOBOOOpazoBaHMii, 10 50 % OONBHBIX Ha
OTIPENICIICHHOM JTalle MOJBEPraroTCs Ty4eBOU Tepa-
[TMU B TEPANIEBTHYECKUX WIIH B IMAJUTMATHBHBIX TIEIIIX
[1]. dus moCTHXKEHHUST ONMTUMAIBHBIX PE3YIBTaTOB
HEo0X0IMMO 00eCleYuTh pa3yMHOE paBHOBECHE
MEXJly CyMMapHOH JTy4eBOM Harpy3Kkoi Ha OIyXoJb U
[TOPOTOBBIM 3HAYCHUEM IS IPUJIETAIOIINX 3I0POBBIX
TKaHel. O4eBHUIHO, UTO MOHU3HUPYIOIIEEe N3TydeHHe
MOBPEX/IaeT KaKk HOpMaJbHbIE, TaK U PaKOBBIE KJIET-
ku. OT™MeTHM, 4TO 3P PEKTUBHOCTH JIyueBOU TEpauu
OCHOBaHa Ha OMOJIOTUYECKOM MPHHIIHIIE, COTIIACHO
KOTOPOMY 3I0POBBIe KJICTKH 00J1amatoT OObIIei
CIIOCOOHOCTBIO BOCCTaHABIUBATHCSA U BO3BPAIATHCS
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K HOpPMaJbHOMY (PYHKIIMOHAJIHLHOMY COCTOSHHUIO IO
CPaBHEHHIO C KJIETKaMH 3JI0Ka9€CTBEHHBIX OITyXOJIEH,
rJe pernapanus ¥ MeTaOonu3M B LEJIOM MPOXOAST
HEONTUMAJbHBIM MyTeM. PakoBbIe KIIETKH B IICJIOM
MeHee d((HEKTUBHO BOCCTaHABIMBAIOT IIOBPEIKACHUS,
BBI3BAaHHBIE JTy4€BOH Teparnueil, 4To MPUBOIUT K UX
MIPEUMYIIIECTBEHHOMY YHHUTOXEHHIO [2]. J{7151 TOBBI-
nreHust 9 (HEeKTUBHOCTH TepaIny 3a CYET YBEITHUCHHUS
JI03bI HEOOXOMMO 3alUTHTh HOPMaJIbHBIE TKAHHU OT
paaualMOHHOIO BO3AeUCTBYS [3].

C 9TO¥ 1enBI0 IPUMEHSECTCSI OONBIIOE KOJTUUe-
CTBO (DM3MUYECKUX IOJXOJI0B, BKIIFOUAs YIYUIICHHE
000pyI0BaHUsl JUIsl paluOTEPAllUd U MPOBEICHHE
paIroHAIBHOTO (hPAKITMOHUPOBAHS U 30HUPOBAHUS
oOmryuenns. [lepcreKTHBHBIM MEXaHU3MOM CHIKEHHS
PaTUOTOKCUYHOCTH HOPMAIBHBIX TKAHEU SIBISETCS
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HCTIOJIb30BAHUE PAIUONIPOTEKTOPOB — CIICLHATIBHBIX
COEMHEHUH, KOTOPhIE 3aIIUIIAI0T HEOMyXOJIEeBbIC
KJIETKH OT BO37ecTBUsA paananuu [4]. MneanbHbIi
PanuoIIPOTEKTOP JOJDKEH 00NaiaTh PsJIOM CBOWCTB,
BKJIIOYas 3a1IUTY HOPMaJIbHBIX TKaHeH 0e3 3HaUUMOT0o
BO3/ICHCTBHSI Ha OITyXOJIEBYIO TKaHb, ONMTHMAIbHOMN
(hapMaKOKMHETHKON M MUHIMAJIBHONH TOKCHYHOCTBIO
[5]. Kak nipaBmI10, paiMOnpOTEKTOPHI SIBJISIOTCS CYTTb(-
THIPUIBHBIMU COCTUHEHUSIMH U aHTHOKCHIAHTAMH,
KOTOpBIE JEHCTBYIOT ITyTeM HeHTpanu3anuu cBOOOI-
HBIX PaJIKaJIOB, 3aIIUIIAS KIETKH OT MTOBPEKACHUH,
BBI3BaHHBIX 00ayueHHeM [6]. OHaKo it OOJIBINNH-
CTBa UCCJIEJOBAHHBIX COEAMHEHUH HE yAaloCh MOKa-
3aTh 3aMETHOTO AP eKTa B KIMHIUUECKOU TIPaKTHKE.
HecMmotps Ha 3HaUMTENBHYIO paOOTY B 3TOI 00JIaCTH
3a TOCJeTHUE ACCATUIIETHS, JIUIIb HECKOJIBKO PaaHo-
MIPOTEKTOPHBIX CPEICTB OI0OPEHBI TSI KITMHUYECKOTO
NPUMEHEHUS, MPUUYEM UX HIMPOKOE MPUMEHEHHUE
OTPaHUYCHO CYIIECTBEHHBIMU MOOOYHBIMU d(hDex-
tamu. Hanpumep, nanmmdepmun 1 aMuoCcTHH, 0710-
Opennbie FDA nns npuMeHeHust B oHKooruu [7, 8],
HUMEIOT MIUPOKUH CIUCOK P HEKTOB, OCIOKHSIFOIINX
WX IPUMEHEHUE, BKIII0Yast TOITHOTY U AJJIEPTUIECKUE
peaknnu. OTMedaeTcss HU3Kasl CENIEKTUBHOCTH aMU(DO-
CTHHA, & €T0 CIIOCOOHOCTH 3allIMIIATh OT OONyUYCHHUs
U OIyXOJIeBblE TKaHU TpeOyeT JanpHelel Bepudu-
Kauuu u uzydenus [9]. [Ipogomkaercst mOMCK HOBBIX
COEIMHEHHI, B TOM YHCIIe IPUPOIAHBIX BEIIECTB, KO-
TOpBIE IEMOHCTPHUPYIOT PAAUOTIPOTEKTOPHYTO aKTHB-
HocTh [10]. C 11en1b10 paguonpoTeKIINU MPUMEHSIOTCS
pasiauyuHble BUTAMHHBI-aHTHOKCHIAHTBI, B MEPBYIO
ouepeb KupopactBopumbie [11].

B nmanHOM KOHTEKCTE BeChMa MEpPCIEKTHBHBIMHU
COEIMHEHUSIMH BBIIJIAJAT COJU JIUTHUA C aHTHOKCH-
JTAHTHOW aKTHBHOCTHIO Ha OCHOBE €CTECTBEHHBIX
BHYTPHUKJIETOYHBIX METAa0OIHUTOB, B YaCTHOCTH
nupysara. [lupyBar obnagaeT aHTHOKCHIAHTHBIMHU
CBOMCTBAMHU U MPOSBISAET LHUTONPOTEKTOPHYIO H
AHTUATIONITOTUYECKYIO aKTUBHOCTH [12—-14]. Jlutuii,
B CBOIO OY€pelb, ITUPOKO MPUMEHSETCS B MEIUITUHE
B KadecTBe MCHXOTPOITHOTO TIperapara, ¢ XOpOIIo
W3YUYCHHBIM TEPANeBTUYCCKUM (HOPMOTUMHUYECKUM)
JIEHCTBUEM U B HEKOTOPBIX CIIydasX MPOSBIISIOLIUN
LUTONPOTEKTOPHYIO AKTHBHOCTb ITPH OKUCITUTEITLHOM
ctpecce [15-17]. K HacTosiIieMy BpeMeHH HaKOTUIEHO
MHOTO JIaHHBIX, TOATBEPIKIAIOIINX ITUPOKUH CIIEKTP
ononormueckux 3G(HEeKToB ITUTHS, BKIIIOUAsT HEHPO-,
KapJIuo- U HEQPOIPOTEKTOPHBIC CBOWCTBA, PETYIIs-
LU0 BocnajieHust u ummyHuTteTa [ 18—23]. BoisiBneHo
CTUMYJNUpYIOIee eHCTBUE JTUTHS Ha TeMOTI033,
YTO MMEET Ba)XKHOE 3HAUYE€HHE MPHU BOCCTAHOBIICHUU
HOpMaJIbHOTO (D)YHKIMOHUPOBAaHUSI OpraHu3Ma Io-
CJIe JTy4eBOTO BO3JIEHCTBUS, B T.4. JIy9€BOH Teparuu
B OHKOJIOTHYECKOH TpakTuke [22]. B mienmom, mydesas
Tepamnusi CO37aeT 3aMETHYIO0 TOKCHUECKYIO Harpy3Ky
Ha OpraHu3M BCJIEACTBHE MaCCUPOBAHHOM THOEIH KIle-
TOK HE TOJIBKO B OITyXOJIH, HO U B COTIPENIEIBHBIX 3710~
pOBBIX TKaHAX. COBOKYITHOCTh OTIMCAHHBIX CBOWCTB
HCXOJHBIX KOMITOHEHTOB MO3BOJISIET CIENATh PEATIO-

68

JIO’KEHUE O HAIMYUU PATUOTIPOTEKTOPHBIX CBOUCTB Y
CHUHTE3UPOBAHHOM COJIM MTUPYBATA JIUTHUSL.

buonornueckne 3(pPpexTs HOHU3UPYIOLIETO H3-
Jy4eHUs CBSI3aHBI C OKHMCIUTEIBHBIM CTPECCOM,
BBI3BAHHBIM PaJIMOJIM30M BOJABI U 00pa3oBaHUEM
aKTHBHBIX (OPM KHUCIOPOJA, YTO MPHUBOIUT K TIO-
BPEXKICHHUIO MAaKPOMOJIEKYJ, B IepByro ouepeas JJTHK
[24]. PannaninoHHO-UHIYIIMPOBAHHBIC TIOBPEKICHIS
JHK BkirouaroT OJHOHUTEBBIC U ABYHHUTEBBIC pa3-
PBIBbI, OBPEXKACHUSI HYKJIECOTUIHBIX OCHOBAHMUI,
TITUKO3WIIbHBIC TToBpexkaeHns u crmBku JIHK [25].
Haubonee ¢aranbHBIMU MTOBPEKICHUSIMH SBISIFOTCS
nBoiinbie pa3pbiBel JJHK. B nienom nospexnenue JJHK
AKTUBUPYET PSJ KICTOYHBIX PETYISITOPHBIX MyTel
Y MEKKJIETOUYHBIX CHUTHAJIOB, KOTOPHIE OMPEIECISIOT
JMATBHEHTITYIO Cynh0y KIIETOK, BKJIIOUAs aKTHUBAITUIO
penaparuu JJHK, ocTaHOBKY KI€TOUHOTO IIUKJIA WU
anonTo3. B cayyae BEDKUBaHUS KIETKU MOXKET OCTa-
BaThCsI CEPbe3HOE OpeMs HaKOTUIEHHBIX PaIuaIlioH-
HBIX TOBPEKICHUHN, MPUBOASIINX K XPOMOCOMHBIM
abeppanusM 1 HecTabuIbHOCTH TeHoMa [26]. MHTeH-
CHUBHOE paJInallMIOHHOE 1 MTOCIIEAYIOIIEe OKUCINTENb-
HOE MOBPEXKACHUE HOPMAJIbHBIX KJIETOK 38 KOPOTKUIA
MIEPUOJ IPUBOAUT K IIEPETPY3KE CUCTEM penapaluu u
MHTyKIUY aronTto3a. KomriekcHoe aHTHOKCHIaHTHO®
U HUTOMPOTEKTOPHOE NEeUCTBUE MUPYBATa JTUTHUS T10-
TEHITMAIFHO MOYKET 00ECIIEYUTh PaIMOTIPOTEKTOPHOE
JIeHCTBHE ITPU HOHU3HUPYIOIIEM H3TyYCHUH.

Henablo ucciaeq0BaHUs CTAJIO U3YUYEHUE PaaMO-
IIPOTEKTOPHBIX CBOMCTB MUPYBATa JIUTHUS i1l Vitro.

MarepuaJj u METObI

IMupysar nutus (puc. 1) nomyyanu ex tempore B
PEaKLUK CTEXHOMETPUIECKOTO KOJTMuecTBa KapOoHaTa
mutus (Sigma-Aldrich, ['epmanust) u nupoBuHOrpa-
HoM kucnoTs (Sigma-Aldrich, I'epmanmns) 1:2 B 6unu-
CTHJUTMPOBAHHOW BOJIE TIPU YMEPEHHOM HarpeBaHHU
0 40 °C. Jlng BeleneHNs NPOAYKTOB peakluu B
KPHCTAIIIMYECKOM COCTOSIHUM HCIIONIB30BaIM METOJ
BBIZICJICHUSI U3 BOJHOTO PacTBOpa MPOTOJIUTHYE-
CKUMHU pacTBopuTensiMu (3TaHosiom). Ilocme mepe-
KPUCTAJUIM3AlMU CyOCTpaThl MPOMBIBAIH, CYILIWIIH,
MOJITBEPXKIAIH COCTaB COEIMHEHUH (dIIEeMEHTHBIN
aHanus, MK-cnexkrpockonus) n MCHoiab30Banu AJis
JKCIIEPUMEHTOB.

)

OLi

(0

Puc. 1. CTpykTypHas hopmyna nupysara nutus.
[MprmevaHve: pucyHOK BbIMONHEH aBTopamm
Fig. 1. Structural formula of lithium pyruvate.

Note: created by the authors
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JIABOPATOPHbBIE U 3KCMNEPUMEHTAJIbHbLIE UCCJIIEOAOBAHUA

PactBop runponepokcuna tper-oyrumna 70 mac. %
B H O (Sigma-Aldrich, I'epmanus) ncnonbsosanu B
KaueCTBE UHYKTOpa OKUCIICHUS [Tl MOJTYJISIIIAH OKHC-
murensHoro crpecca. MTT pearent — Thiazolyl Blue
Tetrazolium Bromide (HIIIT «ITlan2xo», P®) ucnomns-
30BaJICS AJIs1 ONPEAETICHUSI METa00INYEeCKO aKTHB-
HOCTH U )KU3HECIIOCOOHOCTH a/ir€3UBHBIX KJIETOUHbBIX
KyJeTyp. Harpueas conb pezasypuna (Sigma-Aldrich,
['epmanus) ucronbp30Banach il CTAHAAPTHOTO pe3a-
3ypHUHOBOI'O TECTa B BUJE BOAHOTO pacTBOpa.

Jis 9KCIIEpUMEHTOB MCTIOIh30BAINCH MOHOHY-
KJIeapHbIe KIIETKH TIeprUeprHueCcKOil KpOBU YeIIOBEKa
1 SMOpHOHAIbHBIE MbIILIMHBIE (HUOPOOIACTHI CTaH-
nmaptusupoBanHoit muann 3T3L1 (ATCC CL-173).
MoHoOHYyKJIeapHbIe KJIETKH MOJYYEHBl U3 KPOBH
HEHTPUPYTUPOBAHNEM Ha I'paJieHTe (PUKOIUIA IJIOT-
HocThio p=1,077 r/cm® (Sigma-Aldrich, USA). Bei-
JIeJICHHbIE KJIETKM OTMBIBAJIH, PECYCHEHIUPOBAIN B
cpene RPMI 1640 u uicrionp30Bany B SKCIIEPUMEHTAX.
MoHOHYKIIeapHbIe KIETKH TepU(epruueckorl KPOBH
n ¢ubpodractel nunun 3T3L1 KyapTUBHpOBaIH
B nurtarenbHOl cpeae RPMI-1640 (ITanDxo, PD).
[TutaTrenpHbIe Cpeabl oOoramanuch T00aBKaMH
GlutaMAX (Gibco, CIIA), 10 % »MOpuoHaIBHOM
Tenstubeit chiBOpoTkH (One Shot™, Thermo Fisher
Scientific, bpasunus) u anTuOHOoTHKaMu (CMecCh
MIEHNIIWUINHA U cTpenToMmunuHa [lansko, Poccwms).
Jns mpoBepeHUst dKCepuMeHToB (GudpoodiacTsl
MIPEIBAPUTENBHO 3aCEBAIM B JIYHKH 96-TyHOUHOTIO
[JIaHIIETa B KOHLIEHTPALUHU 3 ThIC. KIETOK/JIyHKa
B 100 Mk n maKyOUpoBanu 24 4 npu 37 °C, 5 %
CO,, nanee ucCmonb30BaIu B dKCIiepumMenTe. MoHo-
HyKJIeapHble KJIETKH 3aceBajii HETOCPEACTBEHHO
nepes SKCIEPUMEHTOM B 96-TyHOUHBIN MJIAHIIET B
koHteHTpanun 30 ThIC. KIeTOK/TyHKY B 100 Mk, B
JIYHKH C KJIETKaMH BHOCHJIM TUPyBaT TuTHA (13 48 MM
pabouyero pacTBopa) /Ui MONyYeHHs JHana3oHa pa-
O0ounx koHrenrpanuii 0,6—1,2 MM B 12 moBropax.
B KOHTpOIBbHBIE JIyHKH BHOCHJIM COOTBETCTBYIOLIUN
o0beM (puspacTropa. [Tociie BHECEHHS TECTUPYEMOTO
COEIMHEHUsI KIISTKH MHKYOUpOoBain B TedeHue 60 MuH
B 00bI4HBIX ycnoBusx (5 % CO,, 37 °C, 100 % Bnax-
HOCTB), ITOCIIE YEeTo MPOBOAMIH O0IyYeHHE C UHTEH-
cuBHOCTRIO 15 MIp/c ¢ aucrantmu 30 cM B quarnazoHe
nornomeHHsix 103 0,5-5,0 I'p Ha peHTreHoBCKOM
YCTaHOBKE CO CJICAYIOIIMMH IapaMeTpaMu: aHOA-
Hoe HampspkeHue — 160 kB, cpegamii Tox — 3,5 MA.
KoHTpONbHBIN MIIAHIIET ¢ KJIETKAMHU IMOJBEPraics
AQHAJIOTHYHBIM MAHUITYJISILUSM, HO 0e3 00IyueHHS.

Jnist XuMU4ecKo MHAYKIUU OKHCJIUTEIBHOTO
CTpecca UCIO0Ib30BalId THAPOIIEPEKUCH TPET-OyTHiia
(F'TITB) B Bune 70 % BomHoro pactBopa (Sigma-
Aldrich, I'epmanus). Knetku roToBuiIn aHaJIOTHYHO
BBILLICONMCAHHOMY CIIOCO0Y B 96-TyHOUHOM IIaHILIe-
Te. BHOocwiM nupyBar JIuTus B KOHLIEHTpauuu 1,2 MM,
nHKyOupoBanu B TedeHne 60 muH. [lanee BHOCHIH
['TITH mnst moctwkeHust PUHATHLHONW KOHIEHTPAIIUU
40 mxM/n. Ilocne 3TOrO KIETKHM MHKYOHMpOBaid B
crangaptHbix ycinoBusax 37 °C B 5 % COZ. OneHky
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ypoBHA ['TITB-uHAYIHPOBAHHOTO OKHCIUTEIBEHOTO
cTpecca IMPOBOIMIN Ha TPEX BPEMEHHBIX TOUKax (24,
48 u 72 4).

OneHKy *KH3HECIIOCOOHOCTH CYCHEH3MOHHBIX
KJIETOK MPOBOAMIIM Yepe3 72 4 ociie PeHTTEHOBCKOTO
00JIy4eHHsI C ITOMOLIBIO CTAHIAPTHOIO pe3a3ypHHO-
BOTO TecTa. [JIst 3TOTO MCIOIB30Bali 96-ITyHOUHBIC
TUTAHIIETHI C KJIETKaMu. B JIyHKH ¢ KJIETKaMu J10-
OaBmsiu pacTBOp pe3asypuHa, nomydas 0,02 mr/mi.
OO0pas3Ibl BCTPSXUBAJH HA IIEHKepe B TEUSHHE 2 MUH.
Jlanee maHIIeTs Ky I6TUBHPOBAHA B Teuenne 4 9 (5 %
CO,, 37 °C) n u3MepsIM ONTHYECKYIO IIIOTHOCTH 00-
pasuos npu 570 M Ha cnekrpodoromeTpe Multiscan
FS (ThermoFisher). XKu3znecnocoOHOCTH KIETOK pac-
CUMTHIBAIM KaK TPOIICHTHOE OTHOIICHHE 3HAYCHUS
OTITHYECKOH MIOTHOCTH 00pasiia K ONTHYECKOH II0T-
HOCTH HEOOIY4EeHHOTO KOHTPOJSI 0e3 BO3ACHCTBUS
coeANHEHMS (C BBIYETOM 3HAYEHUH MyCTHIX JIYHOK).

JKu3HecnocoOHOCTh are3uBHBIX KYJIbTYpP H3ydain
¢ momotpio MTT-tecra uepes 72 4 ocie 00TydeHHsI.
B kaxxayro myHKyY 96-TyHOUHOTO IJIaHIIeTa J00aBIIsIn
pactBop MTT 0,45 mr/mi, nHKyOUpOBAIH TIPU TEM-
neparype 37 °C B armoctepe 5 % CO, B Teuenune 4 4
JIo 00pa3oBaHus KpUCTaLIOB hopmasana. [locie uero
Cpely acIMpUpOBAIM U JIyHKH HarmosuHsan 100 Mk
numernincynbdokenna (JJMCO) st pacTBopeHUS
¢dbopmazana. B TeueHne 2 MUH TUTAHIIICTHI TTepeMe-
NIMBAJIM Ha MIEHKepe U U3MEPSUIN ONTUYECKYIO III0T-
HOCTh 00pa3uoB npu 570 HM Ha criekTpodoToMeTpe
Multiscan FS (ThermoFisher). [Tomy4ennpie 3Ha9eHUS
ONTUYECKOH IJIOTHOCTH B HECKOJIBKHUX IOBTOPAXx
YCPEAHSIN M PAaCcCUNUTHIBAIH JKU3HECITOCOOHOCTh B
NPOIIEHTaX OT KOHTPOJIsi 6e3 BO3/eiCTBUSI.

OO0y4eHHbIe KIETKU TOCie 72-4acoBOi HHKYyOa-
unu B 5 % CO, mpu 37 °C cobupanu U3 miaHmieTa,
ueHTpudyruposanu 5 muH rpu 200 g, TpoMbIBaIH B
¢docharaom Oydepe u pecycnenaupoBaiu B Oydepe
Ui (DITyOpecLeHTHOTO OKpaIlMBaHus U3 Habopa Jie-
tekmun arronto3a Annexin V-FITC (Abcam, #14085),
conepxkaiieMm cmech Annexin V-FITC u fiogucroro
nponuaus. Jlanee kneTku nHKyOupoBanu 15 MuH npu
KOMHATHOM TeMIIepaType B TEMHOM MECTE U TPOBOJMIIN
U TO(IIyOpUMETPUUECKOE HccileioBaHue. Pe3ynbrarsl
00pa0aThIBaIM U MOJCYUTHIBAIIH )KU3HECTIOCOOHOCTh
Y BapHaHTHl aloITo3a C MOMOIMIBI0 MPOTrPaMMHOTO
obecnieuenus nurodaryopumerpa CytoFlex (Beckman
Coulter, CIIIA). Ctpaterus reATHpOBaHUS BKITIOTAIIA
pasJiesieHre TONYJSIUHA Ha YEThIPE TPYIIIbL: )KUBbIC
KJIETKN (HEOKpallleHHbIE), paHHUE alloNTOTHYECKHe
KJ1eTKH (okpatieHHble Tosibko Annexin V-FITC), no3z-
HUE alONTOTHYECCKUE KIIETKH (OKpaIleHHBIE 000NMH
KpPacHUTENSIMHI) U HEKPOTUYECKHE KIETKH (OKpalieH-
HbIE HOTUCTHIM TPOITUIHNEM).

[ToaroToBKa KIETOK K OLICHKE YPOBHSI OKHCIUTEIb-
HOT'O cTpecca Mocie O0My4YeHUs BBIIOJIHEHA aHAlo-
TMYHO TECTY OLIEHKH BApUAHTOB KJIETOUHON I'MOeiu.
Knerku cobupainu, OTMBIBAIIU U PECYCIICHAMPOBAIN
B COOTBETCTBYHOIIIEM Oydepe u3 TECTOBOro Habopa
nereknuu okuciauTenbHoro crpecca Cellular ROS
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Assay Kit (Abcam, #186029). Ilocne 3Toro KieTku
OKpamBaiy, nHKyouposanu 30 MUH B MHKyOaTope
mpu 37 °C ¥ MPOBOIUIN ITUTOPIYOPUMETPHUIECCKOEC
n3MepeHre napameTpoB. KoHIIEHTpalmio aKTHBHBIX
(dbopM KHcIOpoIa B KIETKaX OLIEHUBAIH C IIOMOIIBIO
MIPOrpaMMHOT0 OOecTedeHnusl MUTOo(IyopuMeTpa
CytoFlex (Beckman Coulter, CIIIA).

Pesynprarsl craTucTuyecku oOpabaThIBAIN C
MOMOIIBI0 TIporpaMMHoro obecrneduenust GraphPad
Prism 9 (GraphPad Software, CA, USA). JlanHbie
TTOKa3aHbl B BUJE «CPEIHEee 3HAUeHHE + CTaHIapTHOE
OTKJIOHEHHUEY. Pa3nmuuus Mex 1y rpyriamMu BbISIBISUTA
¢ IoMoIbio aucnepcruonHoro ananu3 (ANOVA). Pas-
JIMYHS CUATAIM JOCTOBEpHBIMU Ipu p<0,05.

PesyabTarbl

Ouenka BbKHUBaeMOCTH (huOpoOIACTOB Uepes
72 4 moclie JIy4eBOro BO3JACHCTBUSI U COUETAHHOTO
MIPUMEHEHHs TIHpyBaTa JTUTHS MOKa3aHa Ha pHC. 2.
BrIsiBieH OTHOCUTENBHO BBICOKMI YpPOBEHb pajuo-
PE3UCTEHTHOCTH JAHHBIX KJIETOK, 3aMETHOE CHIDKEHUE
YKU3HECIIOCOOHOCTH TIOKA3aHO TOJILKO B IOTJIOIIEHHOM
no3e 3 I'p u BblwE.

OTHOCHUTENBHO OONBIICH pagroOIyBCTBUTEIBHO-
CThIO 00J1a/1aF0T HOPMAJIbHBIC MOHOHYKJICAPHbBIE KIIET-
K1 iepudeprdeckoii KpoBu uesoBeka (puc. 3). Uepes
72 4 mocie BO3ACUCTBUS MOKa3aHO JOCTOBEPHOE
CHIDKEHHE KU3HECITOCOOHBIX KIIETOK, OOTy9YeHHBIX B
no3e 1,0 I'p u BeIIIIe, IPH 3TOM OTMEUEHO 3aIll[UTHOE
JICHCTBUE MUPYBaTa JIUTHUS.

Pacnpenenenvue BapuaHTOB KJIETOYHOW CMEPTH
[IOCJIE BO3JIEHCTBUS MOHU3UPYIOUIETO M3ITYUYCHHS U
pamuonpoTeKTopa Mmoka3zano Ha puc. 4. OTMedeHO
YBEJIMYCHUE JIOTH ATONTOTUYCCKUX KJIETOK TPH TTOBHI-
[ICHUH TTOTJIOIIEHHOM JI03bI, IIPU 3TOM HAOIFOIAI0TCS
CHIDKEHHUE (DpaKIIH arloNTo3a U yBEIMYeHNE PPaKITUH
JKUBBIX KJICTOK TIPH MCITOJIb30BAHHUH MTHPYBATa JIUTHSI
B KOHIIeHTpauuu 1,2 MM.

YpoBeHb paMallMOHHO-UHIYIIUPOBAHHOTO OKHUC-
JIUTENBHOTO cTpecca B nomymsinud (ppakaus ADK-
TTO3UTHUBHBIX KJIETOK) Uepes3 72 1 MOCie BO3MEHCTBUS
MOHU3HUPYIOIIETO U3IYUCHHUS U 3alUTHOE JCHCTBHE
MUPyBaTa JIUTHSI TPECTABIICHBI Ha pUC. 5. OTMevaeTcs
HapacTaH#He YPOBHS OKHCIUTEIBHOTO CTpecca MpH
MOBBIIIEHUH MOTIONIEHHOH 103bI 110 3 Ip.

3ammTHOE ACHCTBUE MUpyBaTa JUTHS HA KICTKU
KpPOBU IMPU XUMHUYECCKU-UHIYIIUPOBAHHOM OKHCIIH-
TenpHOM cTpecce (40 MKM ruaporepeKkucu TpeT-
OyTnia) mokazaHo Ha puc. 6. OTMEYeHO BBIpaKEHHOE
TTOBBINICHNUE KU3HECIIOCOOHOCTH KJIETOK Ha BCEX
BPEMEHHBIX TOUKAX MPH COYCTAHHOM HUCIIOJIb30BAHUH
MHUpyBaTa JTUTUS C UHAYKTOPOM OKHCIUTEIBHOTO
cTpecca.

Ob6cy:xxnenue

PeHTreHOBCKOE U3IIyYeHHUE JIOCTATOYHO IIHUPO-
KO HCIIOJIb3yeTCsl B paauorepanuu. BosaeiicTBue
WOHU3UPYIONIETO M3Iy4YeHUs Ha OMOJIOTHYECKUE
TKaHU XapaKTepU3yeTCsi MHTEHCUBHOCTBIO MpoIiecca
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WMOHM3AIINN CPEMIbl U KaK CIIEACTBHE TOBPEXKISHUEM
OMOTOTHYECKUX MAaKPOMOJEKYJ, IPUBOISIIINM K
JIeTalbHBIM HapyIIEHUSIM B KJIeTKaxX-MHIIEHsIX [27].
3anmTa HOPMaabHBIX KJIETOK SIBJISETCS KpaiiHe BaxkK-
HOW B paMKax JTy4eBOU Tepamnuu U TpeOyeT CO3aHus
HOBBIX PaIUONIPOTEKTOPOB, TIOATOMY B JaHHOU paboTe
W3YYWIH TOTEHIIHAILHOE IIUTOMPOTEKTOPHOE JICH-
CTBHUE [TUPYBATA JIUTUS IIPHU JCUCTBUU PEHTIEHOBCKOTO
W3ITyUYESHHsI Ha KIIETOYHbIE KYJIbTYpPbI KPOBU (MOHOHY-
KJIeaphl) M COSTMHUTEITLHON TKaH! (PUOPOOIACTHI) C
pPa3IMYHON PaAOyCTOMUUBOCTRIO. B akcniepumenTe
KJIETKH COCTMHUTENbHOW TKAHHU MPOSBUIA OTHOCH-
TEJIHO BBICOKYIO YCTOHUMBOCTH K AEHCTBHIO 00ITyUe-
Hus (puc. 2). HecMoTpst Ha TO, 4TO UCTIONB30BaIach
aKTUBHO Tposidepupyromias JMHAST SMOPUOHATBHBIX
(hubpo0IaCTOB, CTATUCTHUECKH 3HAUUMOE CHIDKEHHE
JKH3HECTIOCOOHOCTH OTMEUEHO TOJIBKO IPH 00Ty YeHHN
B IOIVIOLLEHHOM A03€ Bhiie 3 I'p. Bo3aeiicTBue peHT-
TeHOBCKOT0 M3iydenus B go3e 0,5—1,5 I'p e npuBoaut
K JIOCTOBEPHBIM U3MEHEHUSIM B onyJisiiiun. [Tpu sTom
BO3J/ICHICTBUE MTUPYBaTa JINTUS IPUBOJIUT K JOCTOBEP-
HOMY TIOBBIIIIEHUIO JKU3HECTIOCOOHOCTH 10 CPABHEHHIO
¢ 00Ty9eHHO KOHTPOJIHHOM TPYIIITOH TOIBKO B 103aX
3u5Ip (puc. 2). OrmMedaeTcs 10303aBUCUMOCTH 3TOTO
(henomeHa c Oosee BIpaskeHHBIM AP PEKTOM P KOH-
neHTpanuu nupysara 1,2 MM, Toraa kak npu 0,6 MM
3HAYMMBIX OTIWYUN HE BBISBICHO. AHaIOTUYHOE
Jy4eBOe BO3JICHCTBHE HA MOHOHYKIICApHBIC KICTKU
KPOBHU BBISIBUIO OOJIBIIYIO PaiOYyBCTBUTEIBHOCTh
KJIETOK, OTMEUEHO CHMYKECHHUE YKU3HECIIOCOOHOCTH
o 76 = 3 % yxe npu nomoieHHoi noze B 1,5 I'p
u 10 23 £ 4 % npu 5,0 I'p. [lupysar nmutus moxaszan

Em KoHTtpornb / Control
3 Mupyeat nutusa 0,6 MM / Lithium pyruvate 0.6 mM
= Mupysat nuTna 1,2 MM / Lithium pyruvate 1.2 mM

—
(=
o
= gl
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Viability, %
(2] (=]
o o

405y T T T
00 05 10 15 3.0 5.0

MornoweHHas po3sa, 'p / Absorbed dose, Gy

Puc. 2. 2KnanecnocobHOCTb HOpMarbHbIX 3MOPUOHanbHbIX K-
6pobnactoB mbiwm nuHMKM 3T3L1 Npy peHTreHOBCKOM 0By4YeHnmn
(0-5 I'p) 1 BO3AENCTBUM NUpyBaTa NUTUSA B KOHUEeHTpauun 0,6 n
1,2 MM. Mpumeyanns: * — pasnnymsa 3Ha4nMbl MO CPABHEHUIO C
rpynnou koHTpons (p<0,05); anarpamma BbINOMHEHa aBTopamu
Fig. 2. Viability of normal mice embryonic fibroblasts 3T3L1 line
under X-ray irradiation (0-5 Gy) and lithium pyruvate exposure at
0.6 and 1.2 mM.

Notes: * — significant differences vs control (p<0.05); created by
the authors
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KoHTponsb / Control
MupysaT nutua 0,6 MM / Lithium pyruvate 0.6 mM

ooan

Mupysat nutna 1,2 MM / Lithium pyruvate 1.2 mM
100 a +
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»XusHecnocobHocTtb, %
Viability, %

[y | T T T
00 05 10 15 3.0 5.0

MornoweHHas nosa, p / Absorbed dose, Gy

Puc. 3. >KusHecnocobHOCTb MOHOHYKIeapHbIX KMETOK nepude-
pVYECKOI KpOBU YeroBeka Nnpu PeHTFEHOBCKOM OGMyYeHUm 1
BO34ENCTBMUN NUpyBaTa NuTusi B KoHueHTpaumm 0,6 n 1,2 mM.

MpumeyaHus: * — pasnuyms 3Ha4YMMbl MO CPABHEHMIO C FPYNMoW

koHTpons (p<0,05); amarpamma BbINoNHeEHa aBTopamMu
Fig. 3. Viability of human peripheral blood mononuclear cells
under X-ray irradiation and lithium pyruvate exposure
at 0.6 and 1.2 mM.

Notes: * — significant differences vs control (p<0.05); created by

the authors

PaAMONPOTEKTOPHOE JeMCTBHE B OTHOIIEHUH MOHO-
HYKJICapOB, YTO MPOSIBUJIOCH B MOBBIIICHUHU JKU3HE-
CHO0COOHOH (ppaKMK KIETOK B OMyJIsinuu Ha 5—7 %
pu 00 TydeHnH B auama3one 1-3 I'p 1o cpaBHEHUIO C
00JTy4eHHON KOHTPOJIBHOM IPYIION 0e3 BO3IeHCTBHIS
npenapara (puc. 3). [Ipu 5ToM B 60bIHX 103X 00-
JIyYdCHUS HE BBISIBIICHO CTaTUCTHYECKH 3HAYNMOT'O OT-
JIMYMS OT KOHTPOJIBHOM Ipyniibl. BaxkHo oTMeTHTS, 4TO
TepaneBTrHueckas 3QHEeKTHBHOCTD JTyYEBOM Tepari,
OMHUMO (PU3UYECKUX PaKTOPOB (IIOMIONICHHAsI /103,
THUI U3ITy4eHHs, QPAKIMOHUPOBAHKE U T.I1.), 3aBUCHT
oT Oumoyornueckux (pakTopoB, B MEPBYIO O4YEPENb
PaauoyCTONYMBOCTH 30POBBIX TKAHEW U pailoyyB-
CTBUTEIBHOCTH omyxonei [1]. D1o TpeOyeT moucka
ONITUMAJILHOTO OajlaHca MEX Iy MaKCUMH3aIHEH 1036
oOy4eHus UIsl YHUUTOKEHUS! PAKOBBIX KIETOK U
MUHHMMU3ALUEN 03bI O0IyUYEeHUs 300POBBIX KIETOK.
OG6bIYHO HOpPMAaJIbHBIE KJIETKH 00Jiee yCTOWYNBHI
K JEHCTBUIO OOJNyYeHHs, YeM aKTHBHO JAEJSIIuecs
KJIETKH OIYXOJH. PaguodyBCTBUTENBHOCTD KIIETOY-
HOM MOMYJISILIUN OTIPENEIIeTCsl PAIOM IapaMeTPOB, B
MIEPBYIO OYEPEIb YPOBHEM pemapaluu (CrmocoOHOCTh
BoccTanaBnuBarh nospexaenust JJHK, Boi3zBanubie
00JydeHHEeM), CKOPOCTBIO PENOMYIISIIUU (CTEICHb
riposepaItiy KIIETOK B OCHOBHBIX CYOITOITYJISIINAX ),
nepepacnpesielieHueM KIIETOK 1o (azaM KIeTOYHOTO
LMKJIa (HauMeHee YCTOHYMBBIE K OOIY4YEeHHIO KJIET-
KH B MUTO3€, B TO BpeMsl KaK KJIETKH S-(a3bl Ooiee
YCTOWYMBBI), OKCUTCHALIEH (1yBCTBUTEIBHOCTD KJle-
TOK K OOJTYYCHHIO MOBBINIACTCSI B OKCHTCHUPOBAHHON

CUBUPCKIY OHKONOTMMYECKW XXYPHAT. 2024; 23(4): 6676

Cpezie) ¥ NHANBUAYaTIbHOM paiioqyBCTBUTETLHOCTHIO
BBH/Ty OIIPEJICIIEHHBIX TeHETUYECKUX CBONCTB U MY-
Tauuii [28, 29]. B 3ToM KOHTEKCTE Ba)KHO MPOBECTU
OIIEHKY OCHOBHBIX MEXaHM3MOB KJIIETOYHON THOEIH.
Ha nmpumepe MOHOHYKJI€apHBIX KJIETOK KPOBH yCTa-
HOBJICHO paclpe/iejieHue BapuaHTOB I'MOENN KIETOK
MIPH Pa3IMYHBIX MTOTJIOIEHHBIX J103aX B COYETAHUU C
MUpyBaToM JINTHUS (puc. 4). BRISIBIIEHO 3HAUYUTENFHOE
CHIDKEHUE JIONTU KIIETOK B aIllOIITO3€ TIPH BO3/IEHCTBUH
MUpyBara JUTHA, TpUYeM HaOMIogaeTcs yMEeHbIIIEHHEe
9TOH (pakuK BO BCEM AMANa30HE MOIVIOMIEHHBIX 103
M0 CpaBHEHUIO ¢ KOHTpojeMm. HaOmomaercs peskoe
HapacTaHWE YPOBHs OOIIeH (pakIuu amomnTo3a Ha
2-3-u cyT nocne obmyueHust 10 29, 63 u 71 % ansa
nomomeHusix 103 1,5, 3,0 u 5,0 I'p coorBeTcTBEH-
HO. [Ipu coueTaHHOM NPUMEHEHUU MUPYBATA JIUTUS
YPOBEHb alONTOTHYECKUX KJIETOK OB MEHbIIE Ha
4-8 % g aHAJIOTUYHOTO JHaIla30Ha IMOIVIOM[EHHBIX
J103. AKTHBAIIMS arloNTo3a PU 00Ty4eHHN HATPIMYIO
CBs3aHa C OKUCIUTENIbHBIM NoBpexaeHueM JJHK kak
OCHOBHOW OHMOJOTHYECKOW MUIIEHBIO BBHUIY KPH-
TUYECKUX TOCIEACTBUN I KIETKH, IPUYEM OHO-
[[EMOYEYHBIE M JBYXIIETIOUEUHBIE PAa3pBIBbI BIMSIOT
Ha JKM3HECIIOCOOHOCTh KIIETOK mo-pasHomy [30].
[Ipu 3HaYUTENFHOM HAKOIJICHUH IBYXIIENIOYEUHBIC
pa3pbBIBEI HE MOTYT OBITH BOCCTAHOBIIEHBI, U 3TO TIPH-
BOJIUT K Tubemy kiieTok. OHOIeTIOueqHbIe Pa3phIBbI
MOTYT OBITh BOCCTAHOBJICHBI KJICTKAMH MPU HATUIHN
BTOpOi HeTpoHyToM HUTH JJHK. AkTHBHAs penapanys
JIHK mo3BosisieT kjieTke HUBEJIIUPOBATh MMOJIyUYEeHHbIE
pasvalMoOHHbIe TTOBPEXKICHUS, HE YXO/Is B aronTo3.
IIpeBsbllIeHNE penapauuOHHbIX BOBMOKHOCTEH KIIET-
KM, KaK MpaBUJIO, 3allyCKaeT MEXaHMW3M aIoNTo3a.
BripakeHHBII OKHCIHUTEIbHBIA CTPECC BCIEICTBHE
WHTEHCHBHOTO OOJTydeHHs] MOXKET ITPUBOANTH K TIep-
BUYHOM HEKPOTUUYECKOH rubenu kieTku. B manHOM
9KCIEPUMEHTE YPOBEHb HEKPOTHUYECKOH rubenu
KJIETOK He TpeBbIian 9 % naxe B MaKCUMAaJbHBIX
MOTJIOMIEHHBIX 7103aX, @ OCHOBHBIM BBISIBICHHBIM
myTeM THleNn KIeTOK sBJsuics anonTto3. Ha ocHoBa-
HUU TONYYEHHBIX NAHHBIX MPEIJIOKEHA KOHIECIIINS
PaIMOTIPOTEKTOPHOTO JICHCTBUS MUpYyBaTa JUTHS, B
OCHOBE KOTOPOH JISKUT IUTOMPOTEKTOPHOE ICHUCTBHE
MUpyBara Mpyu OKUCIUTENBHOM cTpecce. CHIDKEHHe
ypoBHA nponaykiuun ADPK npu neficTBuu nmupyBata
MOXKET 00ecleynBarh CHMKEHUE KPUTHUYECKHX I10-
BPEXJIEHUA W JIOTIOIHUTEIIEHOE BpeMs IS pernapa-
IIUU TIOBPEXKIACHUN B KJIETKe 0e3 3aIlycKka aronTosa,
YTO MOATBEPKIAeTCS CHUKEHHEM YPOBHS aIoITo3a
Y TIOBBILICHUEM JI0JIU KU3HECIOCOOHBIX KIIETOK B
00TydYeHHOW TIOMYINSINY TIPU TEeHCTBUH MUpYyBaTa
TuTUS B KOHIeHTpamuu 1,2 MM (puc. 4). Jlns mox-
TBEP)KJICHHSI MEXaHU3Ma JICHCTBHS Yepe3 CHIKEHUE
nponykunu ADK Obuia BBITIONHEHA CEpusi TECTOB MO
OIIEHKE YPOBHS OKUCIUTEIEHOTO CTPECCa B KJIETOYHOM
TTOMYJISITINY TTocie oomyderus u npumenenus [ TITh
(XMMHUYECKOTO HHAYKTOPA OKUCIIUTENIHOTO CTPecca).
OKCNepUMEHTaNbHO TOKa3aHO PEe3Koe HapacTaHHe
A®K-1103UTHBHBIX KIIETOK (MTOBBIIICHHAS] TTPOIYK-
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Puc. 4. PacnpegeneHne BapnaHTOB KIETOYHON rMbeny MOHOHYKNeapHbIX KIETOK nepudepmnyeckon KpoBn Yyepes 72 4 nocrne peHTreHoB-
ckoro obny4veHunsi 0-3 'p n Bo3gencTeusa nupysata nutusa 1,2 mM. MpumeyaHue: guarpammbl BbINOMHEHbI aBTOPaMu
Fig. 4. Distribution of cell death variants of peripheral blood mononuclear cells 72 hours after exposure 0-3 Gy X-ray irradiation and 1.2
mM lithium pyruvate. Note: created by the authors

IIUsl AaKTUBHBIX ()OPM KHCIIOPOJa), T. €. HapacTaHUEe
OKHCIIUTEIIEHOTO CTpecca MPH TOBBIIIEHUH JI03bI 00-
myaenus (puc. 5). IlpenBaputenbHas HHKyOaIus Kiie-
ToK ¢ upyBaroM jutus (1,2 MM) cHMKaeT ypoBeHb
OKHUCJIUTEIBHOIO CTPECca, HO yiKe MPU KOHIECHTPALUU
nupyBara autus menee 0,6 MM MOXXHO OTMETUTH
TOJIHKO HEKOTOPBIA TPEeHJ Ha CHIKEHHE OKHCIIH-

72

TEJILHOTO CTpecca B MOMYJISIIKHU, 0e3 TOCTOBEPHBIX
omimmuuii (puc. 5). Hanbomnee BrIpakeHHOE ITUTOIIPO-
TEKTOPHOE JEeHCTBUE NMUPYyBATa JUTHUS yCTAHOBJIECHO
pY XUMHAYECKH-UHIYIIHPOBAHHOM OKHCIHTEIBHOM
ctpecce (puc. 6). Bozaetictue I'TITh B koH1IeHTparmm
40 mxM npuBozmio x rudenn 1o 80 % xietok B 1-e
cyt. JletictBue nupysara autus (1,2 MM) B iepBbie
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Puc. 5. OkucnutenbHbii cTpecc (ypoBeHb APK-No3nTUBHbIX
KNeToK) B NMOMyNALMN MOHOHYKNEapHbIX KNeTok nepudepunyeckomn
KpOBM Yepes 72 Y4 nocre peHTreHOBCKOro 0bmnyyYeHus 1 Bo3aen-
cTBMA NupyBaTta NUTKA. Npumeyanns: * — pasnuymsa 3Ha4uMbl No
cpaBHeHWIo ¢ rpynmnow koHTpons (p<0,05); gnarpamma
BbINOSIHEHA aBTOpamu
Fig. 5. Oxidative stress (level of ROS-positive cells) in the popula-
tion of peripheral blood mononuclear cells 72 hours after X-ray
irradiation and lithium pyruvate exposure. Notes: * — significant
differences vs control (p<0.05); created by the authors

24 4 TIOBBINIATIO BBDKMBAEMOCTh KJIETOK Oojiee 4yem
BIBOE. AHAJIOTHYHOE JOCTOBEPHOE CHIYKEHUE YPOBHS
OKHCIIUTENIFHOTO CTpecca B KJIeTKax Haboiasach Ha
BCEX BPEMEHHBIX TOUYKaX BO BCEM JIMAa30He KOHIICH-
Tpanmii nupyBata jutus (puc. 6). Takum oOpazom,
MaKCUMaIbHO d((EKTUBHAS peanu3anus ACHCTBUS
HUTONPOTEKTOPA MOXET JOCTUTAThCSI CHUIKCHHEM
YPOBHSI OKUCITUTEIBHOTO CTpecca (aHTHOKCHIAHTHOE
JeiCTBUE U MPSIMOE CHM)KEHHE MOBPEXKICHUHN), WH-
rUOMPOBAHNUEM aIoNTO3a KIETOK (M TMOTEHIHAIBHO
yBEIMUEHUEM BPEMEHH penaparifu 10 KpUTHYECKOTO
MOMEHTA MHUIIUAIIAN THOCIH KJIETKH ). DTH MPOIECCHI
SIBJISTIOTCSI KJTIOUEBBIMH B 3aIIUTE KJIETOK MPH JIyYEBOM
BoznericTBun. [lomydyeHHbIe pe3ynbTaThl BHISBUIH,
YTO WCIOJIF30BAHWE MUPYBATa JUTHUS MPUBOIUT K
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Puc. 6. LinTonpoTekTopHOEe AencTBre nupyBaTa NNTUs B OTHO-
LLIEHUN MOHOHYKIEPHbIX KIIETOK NMPU MHAYLMPOBAHHOM OKWUCIU-
TenbHoMm cTpecce (40 mkM MITB-rngponepekuck TpeT-6yTuna).
MprMeyaHus: * — pasnuums 3Ha4Mbl MO CPABHEHUIO C IPYMMon
KoHTporns (p<0,05); aMarpaMma BbINOIHEHA aBTOpPaMM
Fig. 6. Cytoprotective effect of lithium pyruvate for mononuclear
cells against induced oxidative stress (40 uM HPTB-tret-butyl
hydroperoxide).
Notes: * — significant differences vs control (p<0.05); created by
the authors
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EVALUATION OF THE CYTOTOXIC EFFECTS AND APOPTOSIS
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ON ESOPHAGEAL SQUAMOUS CELL CARCINOMA
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Abstract

Background. Esophageal cancer is the eighth most common cancer in the world. The antitumor effects of
medicinal plants have been shown as a therapeutic strategy to treat esophageal cancer. This study aimed
to evaluate in vitro effects of Cuscuta epithymum extract on the survival and apoptosis of esophageal cancer
cell line. Material and Methods. Here, the hydroalcoholic Soxhlet extract of C. epithymum plant was prepared.
The cell viability of esophageal cancer cell line KYSE-30 was evaluated by MTT assay after 24 h treatment
with concentrations of 50, 100, 200, 400, 600, 800 and 1000 ug/ml of the extract. Then, the apoptotic effect
of extract was evaluated by flow cytometry using Propidium lodide (PI) staining and sub-G1 peak analysis,
and Annexin V-FITC/PI staining in cells treated with concentrations of 125, 250, 500 and 750 pg/ml as well as
morphological change of healthy cells to apoptotic and necrotic form. Results. The hydroalcoholic extract of
C. epithymum decreases the viability of KYSE-30 cells in a dose-dependent manner with an IC,; of 646 g/
ml at 24 h. A significant increase was observed in the percentage of sub-G1 phase in cells treated with 500,
750, and 1000 pg/ml of C. epithymum extract for 24 h compared to the control group (p<0.01 and p<0.001).
The results also showed a significantly enhanced the percentage of primary and secondary apoptotic cells
compared to untreated cells. At concentrations of 250, 500, and 750 ug/ml, approximately 17, 33 and 45 %
of cells was apoptotic. The apoptotic and necrotic cells morphology after treatment with 250 and 500 pg/ml of
the extract was also confirmed by fluorescence microscopy. Conclusion. The findings showed the apoptotic
effect of the hydroalcoholic extract of C. epithymum on KYSE-30 cells in vitro. The effect of this extract on the
genes involved in apoptosis as well as the mechanism of action of this extract are recommended.

Key words: Cuscuta extract, Cuscuta epithymum, MTT, esophageal cancer, apoptosis.
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AHHOTauuA

AkTyanbHocTb. Pak nviLeBoaa 3aHMMaeT 8-e MecTo cpeum BCEX OHKOMOrMYeckmx 3abonesaHnii B Mupe. B cta-
Tb€e NPOAEMOHCTPMPOBaHbI MPOTUBOOMYXONEBbIE CBOMCTBA NTEKAPCTBEHHbBIX PACTEHUI B OTHOLLEHUM MITOCKO-
KneToyHoro paka nvwesoga. Llenb nccnegoBaHus — oueHka in vitro BnnaHus akctpakta Cuscuta epithymum
Ha BbPKMBaeMOCTb 1 anonTo3 KneTok paka nuwesoda. MaTtepuan u metogbl. B nccnegoBaHum oueHmBancs
BOOHO-CMUPTOBOW 3KCTpakT CokcneTa, NpuUroToBneHHbIV 13 pactenuns C. epithymum. XXunsHecnocobHocTb
knetok paka nuwesoga KYSE-30 uccnegoBanacb ¢ noMmollbto MTT-Tecta nocne 24-4yacoBoli o6paboTku
3KCTpaKTOM B KOoHLeHTpaumm 50, 100, 200, 400, 600, 800 n 1000 mkr/mn. OueHka anontoTnyeckoro addekTa
3KCTpakTa npoBoguiacb METOAOM NPOTOYHON LMTOMETPUM C OKpaLLMBaHMEM KIETOK MoaMaOoM-Nponuans u
aHanuaa nuka sub-G1, a Takke ¢ NoMOLLb okpalumBaHusa aHHekcuHom V-FITC/PI B kneTkax, obpaboTaH-
HbIX 9KCTPaKTOM B KOHUeHTpauun 125, 250, 500 n 750 mkr/mn. Pe3ynbTaTtbl. BogHO-CNMPTOBOMN 3KCTpaKT
C. epithymum cHwxaeT xunsHecnocobHocTb knetok KYSE-30 B 3aBucumocTtu ot o3bl ¢ IC50=646 mkr/mn
3a 24 4. 3HaunTenbHOe yBenuYeHne Habnganock B NPOLEHTHOM COOTHOLWEeHUN cy6-G1 dasbl B kneTkax,
obpaboTtaHHbIx akcTpakToM C. epithymum B koHueHTpauum 500, 750 1 1000 mkr/mn B Te4eHue 24 4, no cpas-
HEHUIo ¢ KOHTponbHow rpynnon (p<0,01 n p<0,001). lNMoka3aHo 3Ha4UTENbLHOE YBENUYEHE 40U NEPBUYHBIX
N BTOPUYHbIX anonTOTUYECKMX KINETOK Mo CpaBHEHMIO ¢ HeobpaboTaHHbIMK kneTkaMu. [pu KOHLEHTpaLUMsX
250, 500 1 750 mkr/mn npubnuantensHo 17, 33 n 45 % knetok 6binv anontoTudeckumn. Hanvumne anontoTu-
YECKMX N HEKPOTUYECKUX KIeTok nocrie o6paboTkm 250 1 500 MKr/mn aKCcTpakTa Takke NoATBEPKAEHO METO-
OoM dpriyopecLeHTHON MUKpockonun. 3akntoveHue. BogHo-cnupTtoson akcTpakT C. epithymum okasbiBaeT
anonTtotudeckuin adbdekT Ha knetkn KYSE-30 in vitro. HeobxognMmo ganbHelillee nccnegoBaHne BAnsSHUS

akcTpakTa C. epithymum Ha reHbl, BOBMEYEHHLIE B anOMNTO3, a Takke MexaHu3Ma ero 4eNCTBuS.

KnroyeBble crioBa: 3KCTPaKT NOBUINUKU TUMbSAHHOM (Cuscuta epithymum), MTT, pak nuweBopaa,

anonTos.

Introduction

Esophageal cancer (EC) is the eighth most common
cancer and the chance of getting of EC increases with
age. EC is the sixth most common cause of cancer-
related death in the world [1, 2].Worldwide 5-year
overall survival rates range from 15 % to 25 % [3].
According to the morphology of malignant cells and
the kind of cells involved, EC can be classified into
several forms. Esophageal adenocarcinoma (EAC) and
squamous cell carcinoma (ESCC) are the two most
common types of EC. EAC begins in the glandular
cells while ESCC develops from the squamous
epithelial cells in the esophagus [4, 5]. ESCC is the
predominant histological type of EC worldwide [6, 7].
When the esophageal mucosa is exposed to associated
risk factors such as tobacco and alcohol consumption,
poor diet, lack of excise, and obesity, epithelial cells
proliferate abnormally and eventually develop into
invasive EC [8].

EC is extremely malignant cancer and its mortality
is increasing rapidly worldwide and its treatment
is important. Chemotherapy, esophagectomy, and
radiotherapy are the most common approaches
for EC therapy [9]. Although esophagectomy and
postoperative chemotherapy are considered the main
choices for EC treatment, the surgical technique is
very invasive and is associated with high rates of
mortality and morbidity, and several side effects are
may raise from chemotherapy [10, 11]. Accordingly,
the cytotoxic and anti-apoptotic effects of natural
compounds and medicinal plants with low adverse
effects is currently receiving great attention for EC
treatment [12, 13].

Cuscuta spp., also known as dodder is one of the
medicinal plants consists of 100-170 species that
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assigned to the Convolvulaceae family [14]. Cuscuta
are mainly yellow, orange, red or rarely green parasitic
plants. C. epithymum is one of the species of Cuscuta,
which is named in different countries with the names
of Kashout, Pittimo, Aftimoon,, crop parasite, etc [ 15,
16]. C. epithymum is a parasitic plant with several
secondary metabolites such as glycosides, saponins,
quercetin, tannins, steroids, and kaempferol [16, 17].
C. epithymum have been frequently used in traditional
medicine due to main biological and pharmacological
activities, such as antioxidant, anti-bacterial, anti-
fungal, and anticonvulsant activities, urease inhibition,
and cytotoxicity [14, 18]. This plant is routinely used
for treatment of insanity (Iran), diabetes (Morocco),
burn injuries (India), psychometric disorders (India),
liver disorders (India), vision improvement (Greece),
and rheumatism (China) [17, 18]. Recent studies
attribute the anti-cancer effects of the extract of this
plant [19].

Given the above evidence, in this study, we have
evaluated in vitro anticancer effects of hydroalcoholic
extracts of C. epithymum on the survival and apoptosis
of EC KYSE-30 cell line.

This study aimed to evaluate in vitro effects
of Cuscuta epithymum extract on the survival and
apoptosis of esophageal cancer cell line.

Material and Methods

Preparation of Cuscuta extract

C. epithymum plant was collected from Namin
(Ardabil province) and were identified by the research
herbarium of University of Mohaghegh Ardabili,
Ardabil, Iran (Voucher No. 42,082). The plants were
air-dried at room temperature and 50 g of root powder
was mixed with 500 mL of 70 % hydroalcoholic
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solvent by a Soxhlet extraction method. Then, the
resulting mixture was evaporated in several stages
by rotary evaporator and the extract was dried in the
room temperature away from light and stored at 4 °C
until use [17, 20].

Cell lines

ESCC cell line (KYSE-30) and HDF nan-cancerous
cell line were achieved from National Bank of Iran,
Pasteur Institute, Iran. The cells were cultured in 75
cm? flasck (Bioldea, Iran) in RPMI-1640 medium
(Gibco; Darmstadt, Germany) supplemented with 10 %
FBS and 1 % penicillin/streptomycin (pen/strep)
and incubated in a humidified condition at 37 °C
and 5 % CO,. The media was changed twice a week.
When cultures reached confluence, the cells were
detached from the culture flask by 0.25 %Trypsin-
EDTA solution (Gibco; Darmstadt, Germany).Cell
counts were performed by Trypan blue (Sigma-
Aldrich; Munich, Germany) exclusion method using
haemocytometer slide.

Cell viability assay

The Cytotoxicity of C.epythimum extract on KYSE-
30 cells was investigated using MTT method. Briefly,
5x10° cells/well were cultured in RPMI-1640 medium
with 10 % FBS and 1 % pen/strep and incubated 24
hat 37 °C and 5 % CO, in 96-well plates. Then, cells
were treated with concentrations of 1000, 800, 600,
400, 200, 100, and 50 pg/ml of C. epithymum extract
for 24 h. Then, the culture media were exchanged
with fresh medium and added a 20 pL of 5 mg/mL
MTT solution (Sigma-Aldrich; Munich, Germany) to
each well and a further incubation was carried out ~
4 h. Then, MTT was replaced with 100 L of DMSO
(Gibco; Darmstadt, Germany) as a formazan solvent
to dissolve formazan crystals at room temperature.
After the crystals were dissolved, the absorbance of
each well of the plate was detected at 570 and 630 nm
using a microplate reader (BioTeK, USA) [21].

Propidium iodide assay

Cell staining using the fluorescent dye propidium
iodide (PI) and assessing the Sub-G1 Peak by flow
cytometry are used to assess cell viability or DNA
content in cell cycle analysis. For this purpose, 5 x 10*
cells were seeded in a 24-well plate and incubated for
24h. After 24 h, cells were treated with concentrations
0f250, 500, and 750 pg/ml of C. epithymum extract and
were again incubated for 24h. The cells were harvested
and washed in PBS, fixed in cold 70 % ethanol and
leftat 4 °C for 2 h. Then, cells were washed twice with
PBS and resuspended cell pellet in 1 ml of hypotonic
buffer containing PI reagent (Sigma-Aldrich; Munich,
Germany) (100 pg/ml of PIin 0.1 % Triton X-100) and
RNase A (Sigma-Aldrich; Munich, Germany) and were
incubated for 30 min at 37 °C. Then it was analyzed
by FAC Scan flow cytometer [22].

Apoptosis assay

Evaluation of apoptotic and necrotic cells was
done by Annexin V-FITC/PI kit staining method (IQ-
products; Netherlands). In this reaction, Annexin-V
binds to phosphatidylserine (PS) in a specific and
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calcium-dependent manner, which is used to detect
early apoptosis. Separation of early apoptosis from
lately apoptosis is done with the help of PI dye
reaction. To perform this test, about 5 x 10° cells/
well were cultured in 6-well plates containing RPMI-
1640 medium and incubated overnight at 37 °C and
5 % CO,. Cells were exposed to concentrations of
125,250, 500 and 750 pg/ml of C. epithymum extract
and incubated for 24 h. Then, the adherent KYSE-30
cells were trypsinized with trypsin/EDTA and washed
with serum-containing media and collected cells by
centrifugation at 1500 g for 5 mins. The cells pellets
were resuspended in 90 pL of 1X Annexin V binding
buffer. 10 pl of Annexin V-FITC solution and 10 pl of
PI solution were added to the solution, gently mixed
and incubated at room temperature in the dark for 20
mins. Finally, the reaction suspension was replaced
with 400 pl of 1X binding buffer and analyzed by
FAC Scan flow cytometer. To set up compensation
and quadrants of flow cytometry, unstained cells, cells
stained with Annexin V-FITC without PI, and cells
stained with PI alone (no Annexin V-FITC) were used
as controls [23].

Assessment of changes in cellular morphology

The morphological changes of the treated cells
were investigated by overnight treatment of 5 x 10°
cells with 250 and 500 pg/ml C. epithymum extract in
6-well plate using an inverted microscope compared
to untreated cells. In addition, apoptotic and necrotic
cells morphology were investigated using fluorescent
microscope after Annexin V-FITC/PI staining.

Statistical analysis

Statistical analyzes were performed using GraphPad
Prism version 8 software. One-way variance test and
Tukey’s multiple comparisons test were used to
perform comparative tests. P-value<0.05 was also
considered as the level of significance and the results
were reported as mean + standard deviation (SD).

Results

Effect of C. epithymum on the viability

of KYSE-30 cells

In vitro cytotoxicity of different concentrations of
hydroalcoholic extract of C. epithymum on KYSE-30
cells by MTT assay demonstrated that the cytotoxicity
of this extract was evaluated in a dose-dependent
manner after 24 h since the concentration of 1000
png/ml showed the most cytotoxic effects (67.7 %)
on the esophageal squamous cell line. According to
the results of a dose-escalating experiment, IC,, of
hydroalcoholic extract of C. epithymum on KYSE-30
cell line was obtained 646 pg/ml. However, in HDF
nan-cancerous cell line, the different concentration of
extract was not shown significant difference in term
of cytotoxicity (p>0.05) (Fig. 1).

Effect of C. epithymum on cell cycle

in KYSE-30 cells

The flow cytometry results of PI assay showed a
significant increase of the sub-G1 percentage in cells
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Fig. 1. Cell viability assessments of concentrations of 50-1000 pg/ml of C. epithymum extract in KYSE-30 and HDF cell lines after 24 h
of incubation at 37 °C. Data are shown as mean * SD in triplicate. Note: created by the authors
Puc. 1. OueHka xun3HecnocobHOCTM KneTok npu koHueHTpaummn 50—1000 mkr/mn akcTpakTa C. epithymum B KNETOYHbIX MUHUAX
KYSE-30 n HDF nocne 24 4 nnky6auun npu 37 °C. [laHHble NpefcTaBneHbl Kak cpeHee 3HavyeHne + SD B TpexKpaTHOM NOBTOPEHUN.
MpuMeyaHne: anarpaMmbl BbIMOMHEHbI aBTOPaMu
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Fig. 2. a) Flow cytometry cell cycle histograms show a significant increase of the sub-G1 area of KYSE-30 cells treated with 500, 750,
and 1000 pg/ml of C. epithymum extract for 24 h compared to the control group; b) Sub-G1 population percentage of cells treated with
same concentration of C. epithymum extract for 24 h. (**~ p <0.01 and *** — p <0.001 compared to the control group)

Note: created by the authors
Puc. 2. a) rmuctorpamMmmbl KNETOYHOTO LMKMa, MOMyYeHHbIE C MOMOLLbIO MPOTOYHON LITOMETPUM, NMOKa3bIBaOT 3HAYUTENBHOE yBENMYeHne
obnactu cy6-G1 knetok KYSE-30, o6pabotaHHbix 500, 750 n 1000 mkr/mn akctpakta C. epithymum B TedyeHne 24 4, N0 CPaBHEHMIO C
KOHTPOMbHOW rpynnow; 6) npoueHT nonynsuun cy6-G1 knetok, obpaboTaHHbIX TOM e KOHUeHTpauuen akctpakta C. epithymum B Teve-
HMe 24 4 (3HAaYMMOCTb Pasnuynii MO CPABHEHUIO C KOHTPOMbLHOW rpynnow: ** — p<0,01 n *** — p<0,001).

MpumeyaHve: gyarpamMbl BbINOSHEHbI aBTOpPaMu
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treated with 500, 750, and 1000 pg/ml of C. epithymum
extract for 24 h compared to the control group (p<0.01
and p<0.001). Fig. 2a, b shows the flow cytometry
histograms and sub-G1 population percentage in
different concentration of C. epithymum extract.

Apoptosis analysis

Based on Annexin V-FITC/ PI double staining and
results of flow cytometry, treatment of KYSE-30 cells
with 125, 250, 500, and 750 pg/ml caused a higher
apoptosis rate than that of untreated cells. As revealed
in dot plot of four quadrants (Q1-Q4) images observed
by flow cytometry assay (Fig 3a to 3f), there was more
viable cells in the untreated group (3b) compared to
the treated cells (Q3). In the untreated group, apoptotic
and necrotic cells were about 2.5 %, while after the
treatment of the cells, an increase in the apoptotic
cells was observed in a dose-dependent manner. At
the concentration of 125 pg/ml, about 9 % of the cells
had undergone apoptosis (early and late apoptosis)
(Q2 + Q4) and at the concentration of 250, 500, and
750 pg/ml the apoptotic cells (early and late
apoptosis) were 17, 33, and 45 %, respectively,
which was significant compared to the untreated group
(p<0.001).

Morphological analysis

Morphological assessment of KYSE-30 cell line
treated with 250 and 500 pg/ml hydroalcoholic extract

of C. epithymum after 24 h by an inverted microscope,
represented the membrane bubbles, formation of
apoptotic bodies, cell aggregation, and dissociation
of cell connections. Fluorescence microscopic images
of Annexin V-FITC/PI double staining showed
the apoptotic and necrotic cells morphology after
treatment with 250 and 500 pg/ml of C. epithymum
extract (Fig. 4). Despite normal morphology and
the uniformly green cell membrane of the live cells,
early apoptotic cells indicated by green to yellow.
Cells with green membrane and red nucleus were
late apoptotic cells, and orange to red cells indicated
disintegrated morphology of necrotic cells (dead cells).
The quantitative average percentage of early and late
apoptosis, and necrosis in KYSE-30 cells treated with
different concentrations of C. epithymum extract was
shown in Fig. 5.

Discussion

Nowadays, with the increasing acceptance and
public interest in the use of constituents of medicinal
plants (herbal medicine) as natural alternatives to
chemical-based treatments. Regarding this concern,
many studies have shown their cytotoxicity potential
as a therapeutic strategy to control the progress of
various cancers via apoptosis or necrosis [24, 25]. In
the present study, the effect of hydroalcoholic extract
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Fig. 3. Flow cytometry analysis of apoptosis of KYSE-30 induced with different concentrations of C. epithymum extract using Annexin-
FITC/PI. Dot plots show apoptosis ratios of a) unstained control cell, b) untreated cell and stained with Annexin/PI, ¢c) 125 pg/ml,

d) 250 pg/ml, €) 500 ug/ml, and f) 750 ug/ml of C. epithymum extract. The Q1 quadrant represents unviable cells (PI*/AV"). The Q2
quadrant shows late apoptosis or necrosis (PI*/AV*). The Q3 quadrant represents viable cells (PI/AV"). The Q4 quadrant represents cells
in early apoptosis (AV*/PI). Note the remarkable increase in apoptotic cells number (Q2+Q4) in the C. epithymum extract groups. Note:

created by the authors

Puc. 3. BoipaxkeHHocTb anonto3a KYSE-30, MHAYLMPOBaHHOIO pasnuyHbIMy KOHLEHTpaumsamu akcTpakta C. Epithymum, oueHeHa

METOAOM NPOTOYHOW LIUTOMETPUM C Ucnofnb3oBaHneM AHHekcrHa-FITC/Pl. KoadhdumumeHTsl anonTo3a B HEOKpaLLEHHON KOHTPOSbHOWM
kneTke (a), B HeobpaboTaHHOW KrneTke, okpalleHHon AHHekcHOM/PI (b), B kneTkax, 06paboTaHHbIX akcTpakTtom C. epithymum B pas-
NWYHBIX KOHUEeHTpaumsax: 125 mkr/mn (c), 250 mkr/mn (d), 500 mkr/mn (e), 750 mkr/mn (f). KeagpaHT Q1 nokasbiBaeT HeXW3HECNOCOOHbIe
knetku (P1+/AV-); Q2 — no3gHui anonto3 unu Hekpo3s (PI+/AV+); Q3 — xun3HecnocobHble knetku (PI-/AV-); Q4 — kneTkn Ha paHHem anon-
To3e (AV+/PI-). OTMevaeTcst 3HauMTENbHOE YBENUYEHME Ynca anonToTnyeckux knetok (Q2 + Q4) B rpynnax, nonyyaBLUMX SKCTPaKT
C. epithymum. TMpumeyaHune: guarpammbl BbINONIHEHbI aBTOpamu
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Fig. 4. Microphoto. Fluorescence microscopic images of apoptotic morphology of KYSE-30 cells treated with C. epithymum (250 and
500 pg/mL) for 24 h using Annexin V-FITC/PI staining. The earlier apoptotic cells turn green. Cells stained as membrane green and the
nuclei red turn orange indicates the late apoptotic phase. The red stained cells indicate the dead cells. (The magnification is x200. EA:

early apoptosis, LA: late apoptosis, Ne: necrotic cells). Note: created by the authors

Puc. 4. Mukpodoto. PnyopecueHTHas mukpockonusi. Anontos knetok KYSE-30, o6pabotanHbix C. epithymum (250 n 500 mkr/mn) B
TeyeHue 24 4, okpacka Annexin V-FITC/PI, x200. Mpwu paHHewn dase anontosa (EA) kneTkv ctaHOBATCS 3eneHbiMu. MembpaHb! KneTku,
OKpalleHHble B 3eMeHbl LBET, a KpacHble sapa, CTaHOBALLMECH OpaHXeBbIMU, YKa3biBaloT Ha No3aHio dasy anontosa (LA). Hekpotu-

3npoBaHHble (Ne) KneTkv okpalleHbl KpacHbIM. MNprMedanme: MUKPOdOTO BbIMOSTHEHbI aBTOpamu
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Fig. 5. Bar graph of average percentage of early and late
apoptosis, and necrosis in KYSE-30 cells treated with different
concentrations of C. epithymum extract. The values are
presented as means+SD. (*- p<0.05, ** — p<0.01 and
*** — p<0.001 compared to the untreated group). Note: created by
the authors
Puc. 5. CpeaHen NpoueHT paHHero 1 No3AHero anontosa u
Hekpo3sa B knetkax KYSE-30, obpaboTaHHbIx akcTpakTom C.
epithymum pa3anu4HON KOHLEeHTpaLmmn. 3Ha4YeHNs NpeacTaBneHbl
Kak cpefiHee 3Ha4eHue + SD. (3HaYMMOCTb pasnunynii Mo cpaBHe-
HUIO C KOHTpOMbHOM rpynnon: * — p<0,05, ** — p<0,01,

*** — p<0,001). NpumeyaHue: gnarpamMmma BbINONHEHa aBTopaMu
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of C. epithymum on the in vitro survival and apoptosis
of KYSE-30 esophageal squamous carcinoma cells
was investigated. After treating the cells with different
concentrations of C. epithymum extract, a significant
decrease in cell viability and a significant increase
in the number of apoptotic cells were observed in a
dose-dependent manner.

C. epithymum has been used in traditional medicine
for many years and recently, its anti-tumor properties
have been reported. Its therapeutic and protective effects
arise from bioactive compounds such as flavonoids,
alkaloids, and saponins. However, the apoptosis
induction of esophageal cancer cells has not been
investigated so far. Herein, we confirmed a significant
toxic effect of its extract on the viability of KYSE-30
cells with the MTT assay. In previous studies, the
toxicity of the extract of this species and other species
of Cuscuta has been shown against different types of
cancer. In a study reported by Ghazanfari ef a/,. the
cytotoxic effect of Cuscuta extract was found on the
viability of lymphoma and melanoma cancer cells in a
dose- and time-dependent manner since its cytotoxicity
was 80 % and 81 % on SK-MEL-3 and Raji cell lines
withaIC, value of 3.53 mg/ml and 2.95 mg/ml at 24 h,
respectively [26]. In another study, the hydroalcoholic
extracts of C. chinensis significantly reduced the
viability of HT29, Hela and MDA-MB-468 cells as
well as the hydroalcoholic extract of C. epitymum could
significantly decreased the viability of MDA-MB-468
cells (IC,, = 340 pg/ml) [27]. Moradzadeh et al,. also
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showed that the hydroalcoholic extract of C. campestris
could inhibited the cell viability with values of IC, =
=23.9 pg/ml for HL60 and IC, = 60.3 ng/ml for NB4
cells after 72 h post-treatment [28]. The comparison
of previous findings and our received IC, | values (646
png/ml), suggesting that the epithelial cells of breast
adenocarcinoma (MDA-MB-468) are more sensitive
than the esophageal epithelial cells, melanoma and
Burkitt's lymphoma to the Cuscuta extract.

Among the various alcoholic extracts of C.
epithymum, methanolic and dichloromethane extracts
have been shown the high toxicity, so that the lowest
IC, for 4T1 and MDA-MB-231 cells was obtained at
a concentration of 72.83 pg/ml and 24.53 pg/ml from
methanolic extract after 48 h [29]. The difference
between the results of present study and these studies
related to the type of extraction method, duration of
treatment, and target cell line. In this study, we used
the hydroalcoholic extract that it has been found an
almost similar output with alcoholic extracts, however,
a low cytotoxicity has been reported for hydraulic
extract [30]. It has been demonstrated that most
anticancer properties of Cuscuta species related to the
bioactive compounds. Therefore, in the future studies,
their cytotoxicity effects of the different fragments of
species of this plant should been investigated.

Apoptotic cells are recognized either on the basis
of their reduced DNA-associated fluorescence as
cells with diminished DNA content (sub-G1) or
morphologic changes. Here, a significant increase
in the percentage of sub-G1 in flow cytometry
histograms and DNA fragmentation was observed in
the toxicity caused by the hydroalcoholic extract of
C. epithymum in esophageal cancer cell line, which
indicated the in vitro anticancer properties of C.
epithymum extract. In addition, a significant increase
in the percentage of early and late apoptotic cells after
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WHTErPUHOBbIA NPO®UNb LUUPKYNUPYIOLLUX
ONYXONEBbIX KNETOK Y BOJIbHbIX PAKOM MOJIOYHOM
XENE3bI

E.C. 'puropbeBa, J1.A. Tawupesa, B.B. AnucdaHos, M.B. 3aBbsinosa,
B.M. MNepenbmyTep

Hay4Ho-nccnegoBaTenbCKuii MUHCTUTYT OHKOMOrMK, TOMCKUI HaUMOHarbHbIN
nccnenoBaTenbCKM MeguUMHCKIMI LeHTp Poccuiickon akagemmmn Hayk
Poccus, 634009, . Tomck, nep. KoonepatnsHbIn, 5

AHHOTauuA

VIHTerpuHbl kKak MONeKyrbl aare3uy UrpatoT KIMFYEBYHO POIb BO B3aMMOLENCTBUM KIETOK € 6asanbHon membpa-
HOW 1 MEXKIETOYHbIM MaTPUKCOM. MHOro4YMCneHHble ccrnefoBaHns CoobLLakoT O MOBBILLEHHOW 3KCMPECCHM
WHTErPUHOB Ha OMyXONeBbIX KNeTKax Mpu pasnnyHbIX TUNax paka. Tak, MHTerpmHbl B3 n aV accoumMmnpoBaHbl
CO CTBOMOBbLIMY NPM3HaKaMM OMyXoneBbIX KMETOK, MHTErpuH 34 B cocTase reTepoavmepa abB4 obecneunsaet
SIKOpPb-HE3aBMCMMOE BbPKUBAHMWE 3M10Ka4YEeCTBEHHbIX ANUTENUarnbHbIX KNETOK MONOYHOM xenesbl. OgHako Bce
onucaHHble PYHKLN MHTENPUHOB MCCEeA0BaHbI NCKITKOYUTENBHO Ha KIeTKax NepBUYHbIX ONyXornew, Toraa Kak
byHKUMOHANbHOE 3HAaYEHNE N XapaKTep IKCMPECCHN MHTETPUHOB Ha LIPKYNMPYIOLLMX OMyXONeBbIX KNeTKax
(JOK) ocTtatotcs HesicHbiMU. Llenb uccnegoBaHusi — oLeHka aKcnpeccumn nHterpmHoB B3, B4 n avB5 Ha
LIOK npwu pake monouHow xxenesbl (PMXX) n ee cBs3n ¢ nposiBneHnsMmn onyxoneson conesHn. MaTtepuan
M meToAabl. B nccrnegoBaHue BOLWIO 22 NauMeHTKU C MHBa3MBHOW MPOTOKOBOW KapLUMHOMOW MOMOYHOM
xenesbl T1-4N0-3MO ctagun. BeHo3Hyto KpoBb Gpanu y 60mbHbIX 63 HeoaabIOBAHTHOW XMMMUOTEPann
(HAXT) (rpynna 1) n nonyumBwmx HAXT (rpynna 2) yTpom HaTowak B 06beme 12 MmN B BaKyyMHbIe NMPOOUPKA
¢ OOTA. Skcnpeccuto nHTerpuHoB LIOK ¢ yueTom npusHakoB ctBonoBocTn CD44/CD24, CD133 n ALDH1 n
anuTenuanbHo-me3eHxnmanbHoro nepexoga (AMI) (N-cadherin) oLeH1Ban“ MeTogoM NPOTOYHOW LUTOMNyo-
pumeTpun. PesynbTathl. LinpkynvpytoLime onyxonesblie Knetku ¢ deHotunamu B3+B4-avp5- n f3-p4+avps+
B COYETaHWM C Npu3HakaMu CTBOMIOBOCTU Bbinu accouumnpoBaHbl ¢ 6onbimm pasmepom onyxonu (T4). Mpu
3TOM 3Kcnpeccus nHTerprHa B3 6bina ceadaHa ¢ 6onee HebnaronpUATHBIMU MOMNEKYAPHO-GMONOrMYeckum
nogtTunamu PMXK. MNpoBeaneHne HeoaabloOBaHTHOW XMMMUOTEPaANUM He BIMSNO Ha XapakTep 9KCnpeccuu
uHterpuHoB B3, B4 n avpd B LIOK. 3akntoyenue. bonbwmHeteo LLOK npu PMXX akcnpeccupytot B3, B4 u
avp5, HeCMOTpPS Ha OTCYTCTBUE CBA3M C 6a3anbHON MeMBpaHOl 1 MEXKIETOYHBIM MaTPUKCOM. JKCNpeccus
n3y4YeHHbIX nHTerpmHoB Ha LIOK conpsikeHa ¢ nposiBNeHnsIMM oy xoneBoi 60nesHu, B CBA3U C YEM ee OLieHKa
MOXET paccmaTpuBaTbCs B KQUeCTBE OAHOW 13 3a4ad MCCrneaoBaHUs XXUOKOCTHON Broncuu.

KntoueBble cnoBa: pak MONIOYHOW Xene3bl, LMPKYNUpYLoLiue onyXorneBble KNeTKU, UHTErPuHbI,
HeoaabOBaHTHasA XMMMUOTEpPanus.
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Abstract

Background. Integrins, as adhesion molecules, play a key role in the interaction of cells with the basal mem-
brane and intercellular matrix. Numerous studies demonstrate evidence of increased expression of integrins
on tumor cells in different types of cancer. Thus, 3 and aV integrins are associated with stem-like features
of tumor cells, and B4 integrin as a6B34 heterodimer provides anchorage-independent survival of malignant
mammary epithelial cells. However, all the described functions of integrins have been investigated exclusively
on primary tumor cells. The functional significance and expression pattern of integrins on circulating tumor cells
(CTCs) remains unclear. The aim of the study was to evaluate the 33, 4 and avp5 integrin expression on
CTCs and its association with molecular subtype, stage and lymph node metastasis in breast cancer patients
Material and Methods. The study included 22 patients with T1-4N0-3MO invasive ductal breast carcinoma.
Venous blood was taken from patients without neoadjuvant chemotherapy (group 1) and after neoadjuvant
chemotherapy (group 2) in the volume of 12 ml into vacuum tubes with EDTA. The expression of CTC inte-
grins including stemness features CD44/CD24, CD133 and ALDH1, and epithelial-mesenchymal transition
(EMT) (N-cadherin) was evaluated by flow cytometry. Results. CTCs with 3+p4-avB5- and 33-B4+av5+
phenotypes and stemness properties were associated with larger tumor size (T4) in breast cancer patients.
The B3 integrin expression was associated with more aggressive molecular subtypes of breast cancer. Ad-
ministration of neoadjuvant chemotherapy did not affect the expression pattern of 33, 4 and av5 integrins
in CTCs. Conclusion. In breast cancer, most CTCs expressed 33, 34 and av5 integrins despite the lack of
attachment to the basal membrane and intercellular matrix. The expression of the above integrins on CTCs
was associated with breast cancer molecular subtype, stage and lymph node metastasis, and therefore its

evaluation can be considered as one of the objectives of liquid biopsy study.

Key words: breast cancer, circulating tumor cells, integrins, neoadjuvant chemotherapy.

AKTYyaJIbHOCTH

WHTErpuHbI MPEACTABISIOT COO0H MOJEKYIIbI a1
T€3HH U SIBJIAIOTCS TETEPOAUMEPHBIMU PELENTOPaMU
JUTSL MOJIEKYJT Oa3aibHON MEMOpaHbl M MEXKIIETOUHOTO
MaTpukca. brarogaps WHTErpuHaM OCYIIECTBISETCS
B3aUMOJICHCTBUE MEK]TY DITUTEINEM U MEKKIIETOUHBIM
MaTpPUKCOM, KOTOPOE HEOOXOIUMO /ISl OCYIIECTBIIe-
HUSI MHOTOOOpPAa3HbIX KJIeTOYHbIX (yHkmmid [1]. U3
ATOTO CJIENYeT, YTO (YHKIHH WHTETPHUHOB MOTYT
OCYIIECTBIISITECS Oyarogapsi B3aWMOJIEHCTBUIO C
BHEITHUMHU CUT'HAJIAMU — JTIUTAH/IaMH BHEKJIETOYHOTO
Marpukca. Mo>KHO ObLIO OBl 0KHMJATh, YTO HKCIIPEC-
CHUSl MHTETPUHOB ITUPKYIUPYIOITUMH OITyXOJEBBIMH
xietkamu (LIOK), oTkperieHHBIME OT MaTpHKCa, HE
nmeeT (DYHKIMOHAIBHOTO 3HAYCHUS JJISI COCTOSTHHS
camux [{OK, ognako 3to He Tak. [lokazano, 4to kpo-
M€ BHEIIIHEH aKTHWBallMW CUTHAIBHBIX IyTeH depes
WHTETPUHOBBIE PELIENITOPHI CYIIIECTBYIOT BHYTPEHHHE
MyTH akTUBanuu. HanpuMep, IMEIOTCsI, JaHHbIE, YTO
CTBOJIOBOCTH OITyXOJIEBBIX KJIETOK MOXKET HHULIUHPO-
BaThCS HE3aBUCHUMO OT B3aMMOACHCTBHUS C MATPUKCOM.
[Ipruem 3TH He3aBUCUMBIE OT aJre3un (PyHKITNH WH-
TErPHHOB 3aTyCKAIOT MYTH, OTIIMYHBIC OT THITUIHOTO
CUTHAJIBHOTO Kackana [2]. AGeppaHTHas SKCIIPECCHUs
HHTETPUHOB CIIOCOOCTBYET BO3SHHKHOBEHHUIO, POCTY
Y METAcTa3MpPOBAHUIO OMyXoJiel. MHOTO4HCIICHHbIE
JAHHBIE TIOKA3aJId, YTO DKCIPECCHs] MHTETPUHOB Ha
OITYXOJIEBBIX KJIETKAX TIOBBIIIACTCS IIPH MHOTUX THITAX
paxa [3]. UnTerpun avp3 npusHaH MapKepoM CTBOJIO-
BBIX KJIETOK BO MHOTUX THIAX COJIMAHBIX OIMyXoJei [4].
WuaTerpun f4 B cocTaBe rerepoaumepa 0634 sBisieTcst
penenTopoM IS JAMUHIHA U MOYKET OTIOCPEI0BATh
HE3aBHCHUMOE OT MPUKPETJICHUs BEDKUBAHUE 3JI0Kaue-
CTBEHHBIX UTEIUATLHBIX KIIETOK MOJIOYHOM JKEIE3bI
[5]. Dxcnpeccust MATErpUHA 0LV CBs3aHa ¢ PEHOTUIIOM

CUBUPCKIY OHKONOTMYECKW XXYPHAT. 2024; 23(4): 86-95

cTBOsIOBOCTH [2]. OnncaHHble GYHKLIUN HHTETPUHOB
WCCIIEZIOBAHBI HA KJIETKAX MEPBUYHBIX OIryxonei. Hc-
crienoBannii nHTErpuHOBOTO Npodrst LIOK memHuoro.
B uccnenosanuu M. Sharifi et al. (2023) [6] y Bcex
MAaIMEHTOK C HAJIMYMEM TeMaTOreHHBIX METacTa3oB
TIpH paxe MoJIogHOH ere3nl (PMIK) ObLTH BBISBIIEHBI
HOK. ITpn 3Tom Ha 3HaunTenbpHOM yacT LIOK (61 %)
oOHapysxeHa skcnpeccus 4. He Obuto oOHapykeHO
KaKOW-IM00 CBS3M IKCIIPECCHH 3TOTO WHTETPHHA C
JpYTUMH HapaMeTpaMu OIyXO0JIeBOI OOJIE3HH.

Iesbio Hcc/ie0BAHNUS SIBUJIACH OLIEHKA YKCIIPEC-
cun uHTerprHOB B3, B4 u avpS va LIOK npu PMXK n
ee CBSI3U C MPOSIBICHUSMH OIYXOJIEBOH OOJIC3HH.

MarepuaJj u MeTObI

B nccnenoBanue BKiIroueHO 22 MaMeHTKY ¢ MHBA-
3UBHOU IIPOTOKOBOM KaPLIMHOMOM MOJIOYHOM KEJIE3bI
T1-4N0-3MO, nony4aBIIuX jIeueHe Ha 0a3e KIMHUKN
HUU onkonoruun Tomckoro HUMI] B nepuox ¢ 2019
nmo 2022 r., y koTopbix Ob1mu oO0Hapyx)eHbl [[OK.
Beno3Hyto kpoBb Opanu y OONBHBIX 0€3 Heoablo-
BanTHOU xumuortepanuu (HAXT) (rpynmna 1) u nocne
HAXT (rpymma 2) yrpoM HaTomiak B oobeme 12 mi
B BakyymHbIe poOupku ¢ JJITA. U3 Bcero oovema
KPOBU TOTOBWJIM KJICTOUHBIH KOHIIEHTPAT IyTEM OT-
crauBanus mipu 37 °C B Teuenne 90 MUH Moa yIiioMm B
45° ¢ mocnemyronM cOOpOM OeIToro KolbIia ¢ KJIeTKa-
MH Ha TPAHULIE 0CAIKA IPUTPOLIUTOB U OTAEJIUBILEHCS
TUTa3MBbl KPOBH, a TaK)Ke BCErO HA/I0CaJKa, COMTACHO
meroauke P.A. TTocrienosoii [7].

LlurodmyopumeTpryecKrii aHaIU3 TPOBOIMIIH Clie-
OyromuM odpazoM. [l TU3UpOBaHUS IPUTPOLIUTOB
K obpasmam godasisumm 500 mxit Oydepa OptiLyse C
(Beckman Coulter, @paniust) 1 OTMBIBAIHN B 2 MJI pac-
tBopa CellWASH (BD Biosciences, CLLIA) B Teuenue
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10 mun nipu 300 g ¢ mocyeAyoUIMM yIaleHueM Hal0-
cazxa. [Tocie OToknpoBaHMs HECTIEITU(DUIESCKOTO CBsI-
3p1BaHus Fc-pernentopos pactBopom Human TruStain
FcXTM Fc Receptor Blocking Solution (Biolegend,
CIIIA) B KJI€TOYHBIH KOHIIEHTPAT JOOABIISUIIN MO 5 MK
MOHOKJIOHAIBHBIX aHTuTeN BV 570 anti-human CD45
(xmon HI30, Sony Biotechnology, CIIA), BV650
anti-human CD326 (EpCAM) (xinon 9C4, Sony
Biotechnology, CIIIA), BV510 anti-human CD44
(kmor G44-26, BD Horizon, CIIIA), PerCP/Cy5.5
anti-human CD24 (xion ML5, Sony Biotechnology,
CIIIA), PE/Cy7 anti-human N-Cadherin (ksou 8C11,
Sony Biotechnology, CLLIA), BV 421-anti-f3 integrin
(xmon VI-PL2, BD Biosciences, CII1A), Alexa Fluor
488-anti-B4 integrin (xron 422325, R&D Systems,
CIIIA), BV Alexa Fluor 750-anti-a V5 integrin (ki10H
P5H9, R&D Systems, CILIA) 1 uHKyOHpOBaJIH B TEM-
Hote 20 MMH IIpu KOMHATHOM Temneparype. [locrne nn-
KyOaInu, Ha dTare BHY TPUKIETOYHOTO OKPAITHBAHU
K K2KJIOMY HEOKPAIICHHOMY 1 OKpaleHHOMY 00pasity
no6asmsiu 250 Mk pactBopa BD Cytofix/Cytoperm
(BD Biosciences, CLLIA) 1 nHKyOUpOBaIu B TEMHOTE
20 muH npu 4 °C, 3areM ABaXKIbl OTMbIBAJIU B 1 M1
oydepa BD Perm/ Wash (BD Biosciences, CIIA),
ueHtpudyrupys npu 300 g 6 mun. K npobdam nodas-
nstma 50 Mt 6ydpepa BD Perm/Wash (BD Biosciences,
CIIA), B okpaieHHYI0 Tpo0y 100aBIsUIN 10 5 MK
aatuten BV650 anti-human CD326 (EpCAM) (xi10H
9C4, Sony Biotechnology, CIIIA) u uakyOupoBaiu
ripu 4 °C B Teuenue 20 MuH. 3aTeM OTMBIBAIU KAXKIYIO
npoOy B 1 M Oydepa CellWASH (BD Biosciences,
CIIA) nentpudyruposanuem npu 300 g 6 mun. Ha
3aKITIOYUTENIFHOM ATare K ocaiky 1o0asmsn 500 MK
Cell Staining Buffer (Sony Biotechnology, CILIA)
U pecycrneHaupoBain oOpasel. AHajau3 oOpasloB
MPOBOJMIN Ha MPOTOYHOM LHTOMETpe Novocyte
3000 (ACEA Biosciences, CIIIA) ¢ momMompo mpo-
rpammHoro ooecredenus NovoExpress 1.3.0 (ACEA
Biosciences, CIIA). Komnuectso [LIOK paccuutbiBanu
Ha | Mt mepudepudeckoit KpoBH.

Crartuctideckas 00paboTKa pe3yTbTaToOB IPOBOIN-
nach ¢ mpuMeHenneM nakera nporpamm STATISTICA
10.0. IIpoBepka HOPMATBHOCTH paACIpENEICHUS T0-
KazareJiell OCYIIECTBISIIACh C MOMOIIBIO KPUTEPHUs
[[Tanupo—Bwiika. YuuTeiBas HEHOpMaJIbHOE pacipe-
JIeTICHUE N3y4YaeMbIX ITPU3HAKOB, OIIEHKA JIOCTOBEPHO-
CTH Pa3IMuUil MeIMaH JJisi CpAaBHEHUS HE3aBUCHMBIX
BBIOOPOK MPOBOIMIIACH C MCIOJIB30BAaHUEM Hemapa-
MEeTpUYecKoro kpurepus Manna—YutHu. CpaBHEHHE
YacTOTHI BBISIBIICHHSI IPH3HAKOB BBITIONHSIIOCH C UC-
MOJTE30BaHUEM MAPHOTO PA3HOCTHOTO TecTa. Pasmmyms
CUUTAJM CTaTUCTUYECKH 3HAYUMbIMH Tipu p<0,05.

Pesyabrarsl

Knunuko-naromornyeckue mapaMeTphl TarMeHTOK
npencrasiensl B Ta0i. 1. B CD45-EpCAM+ 1HOK
oTpeieieHa KOIKCIIPECCHs TPEX THITIOB HMHTETPUHOB —
B3, p4 m avP5, B KaXKI0H MTOMYIISIITINH OIEHEHBI TIPH-
3HAaKW CTBOJIOBOCTH 1O 3kcrpeccun CD44/CD24,
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CD133 u ALDHI, a taxxe nposienenus OMII no
Hannuwio dkcupeccun N-cadherin. CBa3bs uHTe-
TPUHOBOTO TPOQHIIS ¢ KIMHHKO-TIATOJIOTUYECKIMHU
XapaKTepUCTUKaMH olleHnBaiu B rpynne 1. OueHky
BiusiHust HAXT npoBoauiiu y GONBHBIX C IIEPBUYHO
omepabenpHbIM PMOK B rpymmax 1 u 2.

Bce manueHTKH XapaKTepU30BAJIHCH HAIHYH-
eM [IOK ¢ pa3nuuHbIMH BapHaHTaMHU 3KCIIPECCHU
TpeX TUIIOB UCCIEAYEMbIX WHTEIPUHOB, MPU 3TOM
0oJpIIIas YacTh KIIETOK SKCIPECCHPOBaiIa OJUH WITH
Ooylee MHTETPUH Ha CBOCH MoBepXHOCTHU (puc. 1).
HauGonee peakuM BapuaHTOM Obliia KOIKCIIPECCHS
unterpunoB B3 u B4 (B3+P4+oavp5-). Haubonee
4acThIM OBLT BApUaHT KOAKCIIPECCUU HHTETPUHOB [33
u avp5S (B3+p4-avp5+) (Tadbm. 2). O6HapykeHO, 9TO
65,81 % LHOK xapaktepn30Baauch dKCIpeccruei, Kak
MUHUMYM, OJHOTO THUNa WHTerpuHa. [Ipu anammse
JIOTIN KJIETOK, SKCIIPECCUPYIONINX UHTETpUHEI 33, 34
n ovP5 6e3 ydyera ux KOIKCIPECCHH, OKa3al0Ch, 9TO
ooupas yacts L{OK, sxcnipeccupoBana naTerput 3
u avBS — 42,8 u 43,8 % KJIETOK COOTBETCTBEHHO, B
TO BpeMsl KaK HHTETpUH 34 3KCIIPecCUpOBaIIN TOJIBKO
12,6 % LLOK.

B pesynrsrare cpaBuenus xonmndecta L{OK c¢ skce-
npeccuell UHTerpuHoOB 3, B4 u avBS B 3aBUCUMOCTH
OT pa3zMepa OIyX0JIU BBISIBIICHO TIOBBILICHHOE KOJIHYE-
cTBO B3+P4-0vB5- u B3-P4+avp5+ IIOK y 6onbHBIX ¢
OOJBIITM pazMepoM OmyxoiH (puc. 2). Tak, y 007IbHBIX
¢ T4 xonmuuectBo B3+P4-avBS- u B3-p4+avpS+ LIOK
coctaswio 8,96 (0,00-17,92) u 18,30 (0,00-36,60)
LHOK/MI1 cOOTBETCTBEHHO, TOT/Ia KaK y O0BHBIX ¢ T'1
kommaecTBO B3+B4-avp5- u B3-f4+avp5+ LIOK co-
crasuio 0,42 (0,00-2,75) u 0,00 (0,00-2,49) LHOK/mu1,
a y O6ounpHbix ¢ T2 — 0,83 (0,00—4,48) u 0,00
(0,00-0,83) LIOK/M11 COOTBETCTBEHHO.

VYrryOneHnslit ananu3 (HeHOTUTTHIECKIX XapaKTe-
PHUCTHK MO3BOJIMJI YCTAHOBUTH HAJMYHE MPU3HAKOB
cTBOJIOBOCTH M DMII y BBISIBICHHBIX MOMYJIALNN
kietok. [Tokazano, uto B3-B4+avp5+ LHOK obnamanm
npu3HakaMu ctBosioBocty o CD133 n ALDH1 u me-
3eaxuMHOTO (heHoTuma IMII (N-cadherint) (puc. 3).
Komuuectso B3-f4+avp5+ LIOK ¢ penorunom CD44-
CD24+ CD133+ALDHI1+N-cadherint+ Toxe ObLI0

B 2.36% B3+B4+AvB5+
M 0.37% B3+B4+AvB5-
B0 20.48% B3+B4-AvB5+
19.62% B3+B4-AvB5-
7.84% B3-B4+AvB5+

2.05% B3-B4+AvB5-

13.08% B3-B4-AvB5+
34.19% B3-B4-AvB5-

Pwuc. 1. fonu akcnpeccumn nHterpuHos 3, B4 n avp5 B LLOK
y 6onbHbIX pakom monoyHou xenesbl (Me, %).
lMpuMeyaHne: gnarpamma BbINOHEHA aBTOpamMu
Fig.1 Proportion of CTCs with 3, 4 and avf5 integrin expres-
sion in breast cancer patients (Me, %).

Note: created by the authors
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XapakTtepucTtuka rpynn 605nbHbIX
Characteristics of the groups of patients

Ta6nuua 1/Table 1

Yacrora/Frequency
I'pynna 1 I'pynmna 2
IMTapamerp/Parameter (6e3 HAXT)/ (c HAXT)/ p-value
Group 1 Group 1
(no NACT) (NACT)
<35 5,9 % (1/17) 0,00 % (0/5)
Bo3spact/Age 35-50 41,2 % (7/17) 60,0 % (3/5)
>50 52,9 % (9/17) 40,0 % (2/5)
T1 47,1 % (8/17) 0,0 % (0/5)
Pasmep omyxomnu/Size of tumor T2 41,2 % (7/17) 100,0 % (5/5) 0,04
T4 11,8 % (2/17) 0,0 % (0/5)
BogieuennocTh UM (Oy310B/ NO 70,6 % (12/17) 60,0 % (3/5)
Lymph node involvement N1 29,4 % (5/17) 40,0 % (2/5)
JlromunaneHbIit A/Luminal A 47,1 % (8/17) 40,0 % (2/5)
y i ) / Hw“{ﬁ‘:ﬂﬂ‘;’;‘]’;"(géggz'y 17,6 % (3/17) 20,0 % (1/5)
OJIEKYJISIPHO-OMOIOTHYCCKHUI TTOATHIT .
g K/lolecular subtype H‘O”ﬁﬁﬁi‘;‘fiﬂ(géﬁf}zﬂ/ 17,6 % (3/17) 0,0 % (0/5)
TH/Triple negative 11,8 % (2/17) 40,0 % (2/5)
HER2+ 5,9 % (1/17) 0,0 % (0/5)
. Ja/Yes 82,4 % (14/17) 60,0 % (3/5)
Okcenpeccust ERa/ERa expression Het/No 16.7 % (3/17) 40.0 % (2/5)
. Ha/Yes 64,7 % (11/17) 60,0 % (3/5)
Okcnpeccust PR/PR expression Het/No 35.3 % (6/17) 40.0 % (2/5)
HERO+ Ja/Yes 23,5 % (4/17) 0,0 % (0/5)
Het/No 76,5 % (13/17) 100,0 % (5/5)

IIpumeuanue: Tabnuia COCTaBICHA aBTOPAMH.

Note: created by the authors.
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Puc. 2. Konnyectso LIOK ¢ akcnpeccuei nHterpmHos 3, B4 u
avB5 y 6onbHbIX C y4eTOM pasmepa NepBUYHON OMyXxonu (Kpute-
puii T). NprmevaHne: gnarpaMmmMa BbINOSIHEHA aBTOpamMu
Fig. 2. The number of CTCs with 3, 4 and avp5 integrin
expression in breast cancer patients in relation to stage T. Note:
created by the authors
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BbIIlIE Y ManueHTok ¢ T4 mo cpaBHenuto ¢ T1 u T2
(p<0,0001 1 p<0,0001 COOTBETCTBEHHO) U COCTABIISIO
0,00 (0,00-18,30), 0,00 (0,00-0,00) 1 0,00 (0,00-0,00)
IIOK/Ma COOTBETCTBEHHO.

Hpyroii cyononymsiuueir LIOK, cBszannoit c
kputepueM T, ObUTM KJIETKH C UHTETPUHOBBIM (e-
HotunoM [3+B4-avpB5-. Ilpu T4 takume 1{OK game
JIEMOHCTPHPOBAJIM CTBOJIOBBIE CBOMCTBA IT0 MapKepam
CD44+CD24- u CD133, a Takke 3MUTeIHaIbHBINA
¢denorun SMII (puc. 4).

[Ipu onenke xonuuectBa LIOK ¢ skcnpeccueit
W3y4aeMBbIX WHTETPHHOB C Y4eTOM JTUM(POTCHHON
pacnpocTpaHeHHOCTH 00HAPYKEHO, YTO KOJINYECTBO
B3-p4-avp5+ LOK 6bu10 HUXKE y 601bHBIX ¢ N1
no cpaBHeHuto ¢ NO (p=0,01) (puc. 5). KonuaectBo
B3-p4-avp5+ HOK mpu NO u N1 cocrasmso 3,74
(1,45-9,13) u 0,0 (0,0-0,92) [ITOK/mn cooTBeTCTBEH-
HO. JleTanpHbIi aHan3 GEHOTUITHYECKUX XapaKTepH-
cTuK 3-B4-avp5+ LIOK BbIsiBII, YTO OOHAPYKEHHBIC
pasmuawst OputH cBsi3aHbl ¢ [IOK 6e3 mpr3HakoB cTBO-
nosoctu o CD44/CD24, CD133 u ALDHI1 (p=0,04,
p=0,03, p=0,03 cooTBeTcTBEHHO) (pHC. 6).

Janee Mbl onleHnM pasnuuud B konundectse [IOK
C y4€TOM HHTETPUHOBOTO PO I y OOIBHBIX C pa3-
JIMYHBIMU MOJICKYIISIPHO-OHUOIOTHUECKOTO TIOJITHITAMU
PMIXX (ta6n. 3). BonbHble ObLIN pa3neicHbl HA 2
rpyIbL: nepsas — ¢ moMuHadbHeIMU (HER2-) moaru-
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Ta6nuua 2/Table 2

KonuyectBo LLOK ¢ akcnpeccuen unterpmHoB (33, 4 n avp5 y 60NnbHbIX pakoM MOJIOYHOW Xerne3bl
The number of CTCs with 33, p4 and avp5 integrin expression in breast cancer patients

Z

®enotun/Phenotype

B3+B4+avps+
B3+p4-+avps-
B3+p4-avp5+
B3-+B4-avBs-
B3-B4+avps+
B3-p4+avps-
B3-p4-avp5+
8 B3-B4-avps-

Ipumeyanue: Tabnuia COCTaBICHA aBTOPAMH.

N O R W N =

Note: created by the authors.

Me(Q1-Q3), HOK/Ma/CTC/ml

0,00 (0,00-0,00)
0,00 (0,00-0,83)
0,00 (0,00-1,68)
0,83 (0,00-3,49)
0,00 (0,00-0,83)
0,00 (0,00-0,83)
1,66 (0,00-5,81)

8,30 (2,08-19,11)

CD44-CD 24-N-cadh+ |
CD133+ ALDH-—

CD44-CD 24+N-cadh+
T

W 2

CD133+ ALDH-~

CD133+ALDH+ | CD133+ALDH+

o 14

—1<0,0001 ~]<0,0001

CD133-ALDH+ o CD133-ALDH+

CD133-ALDH-
CD44-CD24-N-cadh- |
CD133+ ALDH-

CD133-ALDH-—
CD44-CD 24+N-cadh--|
CD133+ ALDH-

CD133+ALDH+ | CD133+ALDH+

CD133-ALDH+ CD133-ALDH+

CD133-ALDH-—|
CD44+CD24-N-cadh+—
CD133+ ALDH- |

CD133-ALDH-
CD44+CD 24+N-cadh+-|

CD133+ ALDH-
CD133+ALDH+ - CD133+ALDH+
CD133-ALDH+ - CD133-ALDH+

CD133-ALDH-
CD44+CD 24-N-cadh- |

CD133-ALDH-|
CD44+CD 24+N-cadh-

CD133+ ALDH-~ CD133+ ALDH-

CD133+ALDH+ CD133+ALDH+
CD133-ALDH+ - CD133-ALDH-~

CD133-ALDH-~ CD133-ALDH+ |

Puc. 3. MNMpusHaku cTBOMOBO-
cti n AMIM B B3-B4+avp5+
LIOK B 3aBrcMMOCTY OT
kputepusa T. MNpumevaHne:
avarpaMMbl BbIMOMHEHbI
aBTOpamMu
Fig. 3. Features of stemness

T T T 1
0.0 0.1 0.2 0.3 0.4 0

LIOK/ ma kposu /
CTC/ ml

and EMT in B3-p4+avp5+
CTCs in breast cancer pa-
tients in relation to stage T.
Note: created by the authors

T T T 1
5 10 15 20

TIOK/ ma xposu /
CTC/ ml

namu; Bropasi — ¢ HER2+ nmoarunamu (JroMUHaIbHBIHN
b (HER2+), HER2+) u Tpwxnabl HeraruBHabiM (TH).
Oxa3ajioch, YTO B IpyIe OOJbHBIX ¢ MOJIEKYJISIPHO-
OMOIOTMUECKUMU TOATUIIAMU, XaPAKTEPU3YIOIINMHCS
HEOJIaronpUsATHBIM TEUCHUEM OOJIC3HH, OTMEYAIOCh
6oxnee Boicokoe konnyectBo LIOK ¢ skcmpeccueit
3, 6e3 yuera coueTaHui ¢ IPyrUMH UCCIIETyEMbIMU
WHTEeTpUHAMU. boree miryOokuit aHamn3 MPU3HAKOB
ctBosioBocTH 1 OMII B LIOK B 3THX cpaBHMBaeMbIX
rpyImnax 3Ha4YMMBbIX Pa3Inuuii HE BBISBUIL

VY manueHTok ¢ mepBUYHO orepadenbHbiM PMOK
onu10 oneneno BinusHe HAXT ma mpodwis uHTE-
rpuHoB [IOK. TTockoibpKy y Bcex OONBHBIX TPYIIITHI
2 OmyxXoJb COOTBETCTBOBada cTaauu T2, B aHanu3
ObUIM BKIIOUEHBI MAIMEHTKH M3 TPYNIbl | TOIBKO
co craaueii T2. [Ipr olneHke HHTErPUHOBHIX TPOhH-
neit [IOK y GonbHBIX B Tpymmax 1m0 u mocie HAXT
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paznuunii He oOHapykeHo (Tabmn. 4). YroryOneHHbIN
aHanu3 (EHOTUITMYECKUX XapaKTEPUCTUK C YUETOM
MIPU3HAKOB CTBOJIOBOCTH W DMII kakmoit u3 morry-
nsimuun [HOK Taxoke He BBIIBUI 3HAYMMBIX Pa3IAdHil.
Takum oOpazom, nposenenue HAXT He Bnusuio Ha
xapakrep 3kcnpeccun naTerpuHoB LJOK y 0onbHBIX
PaKOM MOJIOYHOM >KeJe3bl.

Oo6cy:xneHue

[TomydeHHbIe pe3ynbTaThl CBUICTEIBCTBYIOT, YTO
okoio 31 % LIOK He skcmpeccHpyroT n3ydaembie
MHTETpHUHBI. Yare Apyrux HaOIIoqaroTCsl BAPHAHTHI
ko3kcrpeccuu B3+B4-avp5+ (20,5 %), B3+P4-avps-
(19,6 %) u f3-p4-avB5+ (13,1 %). Eciiu He yuuThiBaTh
Koakcmpeccuto, To noist LIOK, skcripeccupyrommx 3
u av3S, Hauboee BricoKa 1 cocTansieT 42,8 n 43,8 %
cooTBeTCTBeHHO. CyIIECTBEHHO peKe BBISBISIIACH

SIBERIAN JOURNAL OF ONCOLOGY. 2024; 23(4): 86-95
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Puc. 5. Konnyectso LJOK ¢ akcnpeccuen nHterpuHos 3, 4 1
aVvB5 y BOMnbHbIX C yH4EeTOM NMMEOreHHOro MeTacTa3mpoBaHus.
MpumeyaHve: guarpamMmMa BbINonHeHa aBTopamu
Fig. 5. The number of CTCs with 83, 4 and avp5 integrin
expression in breast cancer patients in relation to lymph node
metastasis. Note: created by the authors

cyobenunuia 34 (12,4 %). Ctoib BeIpaKEHHOE MHOTO-
o0pa3ue BapuaHTOB KOIKCIIPECCHUH HCCIIEyEMBbIX
unrerpunoB Ha [{OK no3Bosnser npeanonarats, 4to,
JOCTUTHYB OTAAQJICHHBIX OPraHOB M TKAHEW B Kaye-
CTBE JAMCCEMUHUPOBAHHBIX WM MOKOSITUXCS, TAKUE
KJIETKH y>K€ UMEIOT PELIENTOPHBII anmnapar, KOTOpPbIA

CUBUPCKIY OHKONOTMYECKW XXYPHAT. 2024; 23(4): 86-95

CD44-CD 24-N-cadh+ — CD44-CD24+N-cadh+-1
CD133+ ALDH- i
- T2 CD133+ ALDH-
CD133+ALDH+ 1 T4 CD133+ALDH+
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CD133-ALDH- | CD133-ALDH-
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CD133+ ALDH-+ CD133+ ALDH-
CD133+ALDH+ CD133+ALDH+
CD133-ALDH+ CD133-ALDH+
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CD133+ ALDH- CD133+ ALDH-
CD133+ALDH+ CD133+ ALDH+ —
CD133-ALDH+ CD133-ALDH+
—— Puc. 4. Hannume npusta-
CD133-ALDH-+ CD133-ALDH- KOB cTBONoBOCTU 1 OMI
CD44+CD 24-N-cadh- CD44+CD 24+N-cadh- B $3+p4-avp5- LOKy
CD133+ ALDH--1 —1<0,0001 ~]<0,0001 CD133+ ALDH- nauneHToB B 3aBMCMMOCTU
ot kputepus T.
CD133+ALDH+ CD133+ALDH+ 7 MpumeyaHue: gmarpammbl
CD133-ALDH+ CD133-ALDH- BbiINONHEHb! aBTopamu
Fig. 4. Features of stem-
CD133-ALDH-~r CD133-ALDH+T ness and EMT in 3+34-
T T T T T 1 T T T T T 1 H
o 5 10 15 20 25 o 1 2 3 4 5 avps- CtTC? in brela?_t
LIOK/ ma xposu / LIOK/ M2 xposu/ cancer patients |r1 relation
CTC/ ml CTC/ ml to stage T. Note: created
by the authors
10
= CD44+CD24-L I No
é I No 001 N1
197 = N 4 HecTBoAOBEIe IO CD44/ CD24/ | ﬁ 0.04
s £ non-stem by CD44/ CD24 [ 4
E O 57
d = CD133+
S0 f—
=
CD133-
g — 10,03
= 0
T T T T T
ALDH1+
x o x ~ x ol x ¢ ]
&‘o Q 4450 L 4‘59 L &‘o L
N\ Q,»z‘v Q,wv ¥ HF @WV’ < ALDH1 0,03
& & F PP —

N-cadh+ o

N-cadh--
[— : ,

0 5 10
HOK/ ma xposu /

CTC/ ml

Puc. 6. Hannume npusHakos ctBonosoctvt u SMIM B f3-B4-avB5+
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Fig. 6. Features of stemness and EMT in $3-f4-avp5+ CTCs in
breast cancer patients in relation to lymph node metastasis. Note:
created by the authors

criocobeH oOecreunBarh aeKBaTHOE JIJIsT Q1A TallnA
U nposiieparuy B3auMOICHCTBUE C MEKKIICTOUHBIM
MaTPUKCOM.

®enorununueckue npusHaku LIOK, Bkirouas skc-
MIPECCHUIO MHTETPUHOB, (POPMHUPYIOTCS €IIle B TEPBHY-
Ho ortyxouu, 6narofapst uemy L{OK B 3HaunTeNIBHOM
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Ta6bnuua 3/Table 3

KonunyectBo LIOK ¢ yyeToM MHTErpuHoBOro npocuns y 60nbHbIX ¢ pasfMyHbIMU MOJEKyNAPHO-
6uonorunyeckummn nogrunamm PMXK

Number of CTCs with integrin expression in patients with different molecular subtypes of breast cancer

Denorun/

No Jlromunanbubli A/B/
Phenotype Luminal A/B

1 B3+Bd-+avps+ (@)

0,00 (0,00-0,00)
2 B3+B4-+ovBs5- 0,00 (0,00-0,28)
3 B3+p4-avB5+ 0,42 (0,00-1,38)
4 B3-+B4-avps- 0,42 (0,00-1,74)
5 B3-B4+avp5+ 0,00 (0,00-1,45)
6 B3-B4+avps- 0,00 (0,00-0,83)
7 B3-B4-ovP5+ 2,49 (0,62-5,40)
8 B3-B4-avp5- 7,06 (2,63—18,68)
9 B3+ 0,83 (0,00-7,73)
10 a4+ 0,83 (0,00-2,91)
11 avp5+ 4,15 (1,68-10,58)

HpnMeanue: TabNuIa COCTaBICHA aBTOpaMH.

Note: created by the authors.

Me(Q1-Q3), LIOK/M1/CTC/ml

HER2+,
TH
(©)
0,00 (0,00-0,28)
0,42 (0,00-4,69)
0,42 (0,00-3,13)
0,83 (0,00-8,22)
0,00 (0,00-9,77)
0,00 (0,00-2,08)
0,92 (0,00-7,89)
13,63 (6,23-22,00)
4,98 (1,79-18,60)
2,08 (0,00-22,06)
7,89 (1,26-17,70)

p-value

p,s=0,04

Ta6bnuua 4/ Table 4

KonuuectBo LIOK c yueTom nHrerpuHoBoro npoduns y 6onbHbix PMXK 6e3 HAXT (rpynna 1) n

nonyunBwunx HAXT (rpynna 2)

Number of CTCs with integrin expression in breast cancer patients without NAC (group 1) and with NAC

Ne ®enotun/Phenotype
1 B3+B4+avps+

2 B3+B4+ovp5-

3 B3+P4-avps+

4 B3+B4-avp5-

5 B3-p4+avps+

6 B3-B4+avps-

7 B3-p4-avp5+

8 B3-B4-avps-

(group 2)

Me (Q1-Q3), LIOK/vn/ CTC/ml

I'pynma 1/Group 1
(a)
0,00 (0,00-0,00)
0,00 (0,00-0,83)
0,42 (0,00-1,88)
0,83 (0,00-1,74)
0,00 (0,00-0,83)
0,83 (0,00-1,74)
0,83 (0,00-2,49)
7,89 (2,63-20,13)

I'pymma 2/Group 2
(©)
0,00 (0,00-0,21)
0,00 (0,00-1,94)
0,00 (0,00-2,08)
2,49 (1,25-30,47)
0,00 (0,00-1,11)
0,83 (0,28-1,23)
0,00 (0,00-3,74)
9,96 (0,42-28.29)

Ipumeyanne: TabnuIa COCTaBICHA AaBTOPAMH.

Note: created by the authors.

CTETICHH OTPakaloT OMOIOTHYECKHE 0COOCHHOCTH
OITyXOJIM U MOTYT CITY’KHTh OOBEKTOM JJIs )KUAKOCT-
Hoit Onoricnu. B Hatrem nccnenosanuu LIOK ¢ nBymst
dbenorunamu P3+P4-avpS u B3-B4+avpS5+ Opun
ACCOIMUPOBAHBI C OOJBIIUM pa3MEPOM OITYXOJH
(T4). Tlo-Bunumomy, Takas accouMamusl BCEX Tpex
WHTETpUHOB ¢ T4 00ycioBI€HA TE€M, YTO HX JKC-
npeccus B [IOK coderanacek ¢ Hamu4reM MpU3HAKOB
ctBonoBocTH. LIOK ¢ mHTETrpHHOBBIM (DEHOTHIIOM
B3+p4-ov5- sxcpeccupoBany MapKephbl CTBOJIOBO-
ctu CD44+CD24- u CD133, LIOK ¢ uHTEerpuHOBBIM
(henotunom B3-B4+avB5+ umenn apyroe coueTanue
MapKepoB CTBOJIOBOCTH, a iMeHHO CD133 n ALDHI.
[Ipu stom B3-B4+avp5+ LIOK xapakrepu3oBaiuch
Me3eHxuMHbIM deHoturiom DMII (N-cadherint), a
B3+B4-avp5- kneTkn He uMenu npuzHakoB OMII
(N-cadherin-).
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EHIC OAHUM CBUIACTCILCTBOM COIPAKCHHOCTU
HKCIPECCUHM MHTETPHHOB CO 3JI0KAY€CTBEHHBIM IO-
TEHIIMAJIOM OITyXOJIeH OBIJI0 OONbIlIee KOTUIECTBO
HOK ¢ sxcmpeccueit unterpuHa 33 mpu TPYKIIBI
HeratuBHOM, JoMuHaibHOM b (HER2+) n HER2+
MoJneKysipHbIX noaTunax PMIXK. Acconmaums uc-
CJIEAyeMbIX MHTEIPUHOB C IPOJBUHYTON CcTaauel u
arpecCUBHBIMU MOJIEKYJIApHbIMU TojaTunamu PMIK
O6T>$ICH$ICTC$I U3BCCTHBIMHU q)YHKHI/IOHaJH)HBIMI/I
accouuanusMu. M3BecTHO, YTO MHTETPHUH B3 CBS3bI-
BACTCsI C KOMIIOHEHTaMH BHEKJIETOYHOTO MaTpHKCa,
(opMupysT KOHTAKTHI (POKATBHON aATe3nH MEKIY
OITYXOJICBBIMH KJICTKAMU U MATPUKCOM. I/IHTerpHH
avf3 BOBIICUEH B IPOLIECCHI TPOTU(EpALIH, HTHBA3UH,
BBDKMBAHMS OITyXOJIEBBIX KJIETOK B IUPKYISALUH [4].
Kpome Toro, 1o naHHBIM JIUTEPATyphl, IIOBBILLICHHAS
SKCIpeccus HHTerpuHa avf3 obmasaeT mporHocTuye-
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CKOM 3HaUMMOCTBIO B OTHOLIIEHHH METacCTa3upOBaHUs
B KOCTH [8].

deHoMeH CBSI3M IKCIPECCHH MHTErpuHa avf5 ¢
OTCYTCTBHEM JTMM(OTCHHBIX METACTa30B MOXKET OBITh
o0bsicHEeH ByMs runote3amu. [lepBas 3akmrouaercs
B ToM, uto [1OK ¢ skcripeccueii avBS, conpspkeHHbIE
C OTCYTCTBHEM JIMM(OTEHHBIX METACTa30B, HE NUMEIH
npu3HakoB cTBosioBocT o CD44/CD24, CD133 u
ALDH, xoTopas kpaiiHe Ba)kHa JUIs METacTa3upoBa-
Husl. [Ipyroe oObsCHEHHE COCTOUT B TOM, UTO MOBBI-
LIEHHAs! SKCIIPECCUSI HHTEIPUHA OLV, XOTS U B COCTaBe
rereponumepa o33, IPUBOIHT K YCHIICHHUIO B KJIETKAX
TPHWXK/IBI HeraTuBHOTO paka apdexroB TGF-P, uro, B
CBOIO 0Y€pe/ib, HapyIIaeT METIII0 00PaTHOMN CBSI3H, KO-
TOpast KATHOUpPYeT Zeb2, nuaynupys mpu 3tom SMII
1 Hapy1Iast KOJUIEKTUBHYIO MUTparuio kietok [9]. I1o-
CKOJIBKY MMEIOTCS MCCIIeIOBaHU B MOJIb3Y TOTO, UTO
MMEHHO KOJIJIEKTHBHAS MHBA3Hsl, CKOpEe, YeM HHBa3Hs
OJMHOYHBIMH KJIETKAaMH OITyXOJIH, JIG)KUT B OCHOBE
nuMporerHoro metactasuposanue [10], Hapymerue
3TOr0 MPOLECcca U MOXKET ObITh TPUYUHON OTCYTCTBUS
TMM(OTECHHBIX METACTa30B MPH KCIIPECCUH Ha KIIET-
Kax OITyXOJIM MHTErpuHa avf3S.

Y4uThIBasi KPUTUUECKOE 3HAYEHUE OTACIBHBIX
WHTETPUHOB ISl OIYXOJIEBOTO MPOrPECCUPOBAHUS,
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OTO-IVM - METOl] COXPAHEHUA ®PEPTUJIBHOCTU
NMAUMEHTKAM C ONYXOJIEBbIM MNOPAXEHUWUEM ANYHUKOB

O.E. NNaBpmHoBuy', KO.A. TatuweBa'?, U.B. Bepnes'3, M.I'. lkoBneBa',
A.MN. Kapuukun', A.C. Kanyruuna?*

'dIBY «HaumnoHanbHbIN MeguUUMHCKUIA UccreqoBaTenibCkuin LeHTp oHkonorum um. H.H. Metposa»
MuH3npasa Poccum

Poccusi, 197758, r. CaHkT-INeTepbypr, noc. MNMecouyHbin, yn. JleHnHrpagckas, 68

2KnunHuka penpoayKTMBHON MeauumHbl «CkaidepT»

Poccus, 191186, r. CaHkT-lNeTepbypr, HeBckuii np., 22—-24

3¢rbQY BO «CeBepo-3anafHblii rocyaapCTBEHHbIN MeauUMHCKUI yHuBepcuteT um. .. MeuHukosay
MwuH3npasa Poccumn

Poccus, 191015, r. CankT-MNeTtepbypr, yn. KupoyHas, 41

‘®drbOY BO «[lepsbit CaHkT-MNeTepbyprekuii rocyaapCTBEHHbIN MeAULMHCKN YHUBEPCUTET

um. akag. W.I. Maenoea» MuHsgpaea Poccum

Poccus, 197022, r. Cankr-INeTepOypr, yn. JIbBa ToncToro, 6-8

AHHOTauus

BeepeHue. Bce Gonbluee 4nucno naumMeHTOK penpogyKTUBHOMO BO3pacTa CTankmBaeTcs C OHKOMOTMYECKUM
3aboneBaHneM 1 BbICOKO 3aMHTEPECOBaHbI B COXpaHeHUN ePTUNbHOCTA. YNy4dLLaTCsa Noka3aTenm BbiXmBae-
MOCTM OHKOMOIMYECKUX NauneHToB. COBEPLUEHCTBYHOTCS METOAbI PENPOAYKTUBHbBIX TEXHOMOMIA, NO3BONSAOLLNE
COXpaHWTb CNOCOBHOCTbL AeTopoXaeHMsA. Peabunutaums ¢ Lenbto obecneyenns yaoBneTBOPUTENbHOIO KayecTa
XXM3HM NprMobpeTaeT HOBbLIN CMbICH, @ C Pa3BUTUEM HOBbIX TEXHOMOMMIN U3MEHSIETCA U YPOBEHb BO3MOXHOM
nomMoLuu. B HacTosiLee BpeMs peabunutaumoHHbIe MEPONPUATUS A1 OHKONOrMYECKMX NauneHTOK penpoaykK-
TMBHOIO BO3pacTa, HECOMHEHHO, IOSMKHbI BKIOYaTh BCE BO3MOXHbIE MEPbI MO COXPaHEHUIO 11 BOCCTAHOBMEHMIO
depTunbHOCTU. Llenb nccnegoBaHua — coxpaHeHe epTUnbHOCTU NaLMEHTOK C ONyXOrneBbIM NopaXKeHneMm
anyHukoB. MaTtepuan u meToabl. [1ocrne 0BapnosKTOMUM SUHHUKU TPAHCNOPTMpOoBanu B nabopatopuio am-
Opuonoruu, roe NpoBOAWMAM U3BMEYEHNE OOLUT-KYMYITHOCHBIX KOMMIEKCOB U X Mocnegyrllee Oo3peBaHne
metogoM OTO-IVM (Ovarian tissue oocyte in vitro maturation). MNony4eHHble 3penbie oounTsl (MeTadasa Il)
KPMOKOHCEPBUPOBanu METOA0M BUTPUUKaLIMN UK, MPY HanmMunm napTHepa, onnogoteopsany metogom MKCA
(MHTpauuTONNa3MaTMYeCckon MHBEKLMM cCnepMaTosonaa), SMOPUOHbI KynbsTUBMPOBanu A0 cTagumn bnactouuncTsl
N Takke KpMOKOHCEPBUPOBANu MeTOA0M BUTpUdukaLmmn. KpuokoHCepBUPOBaHHbIE OOLMTLI 1 SMOPUOHBI MOTYT
ObITb MCNOMb30BaHbI NOCIE N3NEYEHNA OHKOMNOrM4yeckoro 3abonesaHns B NporpaMMax BCnomoratenbHbIX pe-
NPOAYKTUBHbIX TexHonoruin. Pesynbtathl. Bcero 6bi1n0 n3sneyeHo 218 OKK, n3 Hux ooumToB ¢ gerpagaumen —
65 (29,8 %), OKK, npurogHbix ansa gospesanuns — 153 (70,2 %). Yepes 36 nnv 48 4 y 13 naumneHTok Jospenu
65 oouwnToB, 4TO cocTaBuno 42,5 % ot ooumToB 6€3 Npu3HakoB Aerpagaumun. Y 11 naumMeHToK, BKITHOYEHHbIX B
uccnenosaHue, nssneveHne OKK BbINOMHEHO 13 NOPaXKEHHOTO ONyXorbio ssudHMKa. MonyyeHo 149 oounTos, u3
Hux 50 (33,6 %) — ooumnTbl ¢ NpuaHakamu gerpagaumun. OctaneHble 99 (66,4 %) OKK — ynoBneTBopuTENbHOIO
KavecTBa, nocne nposefdeHVs fospeBaHua metadasbl || gocturnm 49 (49,5 %) oounToB. B pamkax gaHHoOM
pabotbl y 13 13 15 nauneHToK KPMOKOHCEPBUPOBAH Bronoruyeckmin matepuan: 5 aM6pnoHoB 1 60 ooLUTOB.

KnioueBble cnoBa: oHKO(epPTUIILHOCTb, COXpaHeHUe PepTUNIbLHOCTU, CO3peBaHNe OOLMUTOB in vitro,
OTO-IVM, onyxoneBoe nopaxeHue AMYHUKOB, 0BapPUOIKTOMMUS.

#=7 flkoBneBa Mapus NeoprueBHa, yakovleva.maria.g@gmail.com
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Abstract

Introduction. An increasing number of patients of reproductive age get cancer and are highly interested in
preserving fertility. Survival rates for cancer patients are improving. Methods of reproductive technologies are
being improved to preserve the ability to bear children. Rehabilitation aimed to ensure a satisfactory quality of
life takes on a new meaning, and with the development of new technologies, the level of possible assistance
also changes. Today, rehabilitation measures for cancer patients of reproductive age should undoubtedly
include all possible ways to preserve and restore fertility. Aim: preservation of fertility in patients with ovarian
tumors. Material and Methods. After ovariectomy, the ovaries were transported to the embryology laboratory,
where oocyte-cumulus complexes were extracted and subsequently matured using the OTO-IVM (ovarian
tissue oocyte in vitro maturation) method. The resulting mature oocytes (Metaphase Il) were cryopreserved by
vitrification or, if a partner was available, fertilized by ICSI (intracytoplasmic sperm injection), the embryos were
cultured to the blastocyst stage and also cryopreserved by vitrification. Cryopreserved oocytes and embryos
can be used by patients after cancer treatment in assisted reproductive technology programs. Results. A
total of 218 OCCs were recovered, 29.8 % were degraded oocytes (n=65). The proportion of OCC suitable for
ripening was 153 (70.2 %). After 36 or 48 hours, 65 oocytes matured in 13 patients, which amounted to 42.5 %
of oocytes without signs of degradation. In 11 patients the OCC was removed from the tumor-affected ovary.
149 oocytes were obtained, of which 50 (33.6 %) were oocytes with signs of degradation. The remaining 99
(66.4 %) of OCCs had satisfactory quality; after maturation, the Metaphase Il stage reached in 49 (49.5 %) of
oocytes. As a result, biological material was cryopreserved in 13 of 15 patients: 5 embryos and 60 oocytes.

Key words: oncofertility, fertility preservation, in vitro oocyte maturation, OTO-IVM, ovarian tumor,

oophorectomy.

Brenenmne

UmcI10 OHKOJIOTHYECKHUX OOJIBHBIX PEIPOTYKTUBHO-
IO BO3pAacTa 3a MOCIEAHUE ACCATUICTUSI PABHOMEPHO
YBEJIMYMBAETCSA 10 BceM Ho3zoJorusM. [lo omenkam
National Institutes of Health, 8 2023 1. 4,4 % BriepBbIc
BBISIBIICHHBIX CITy4YaeB 37I0KaUeCTBCHHBIX 3a00JICBaHHIA
MpHUILIOCh Ha Bo3pacT oT 15 po 39 ser [1]. YacTtoTa
HOBBIX CIIy4aeB paka y MOJIOABIX JIOIEH pacTeT B
cpemaeM Ha 0,3 % KaKIbIi TOM, HO TIOKA3aTeIId BbI-
skuBaeMoctu ¢ 2008 1. exxeromgHo ymyumatores Ha 1 %
Onaronapsi CHIDKEHUIO 00IIeld cMepTHOCTH [2].

Joctmxenns B 00JacT Tepanmuy 3710KaueCTBEH-
HBIX OITyXOJIeH, 0COOCHHO TEMITHl BHEIPCHUS B KITH-
HUYECKYIO MPAKTHKY HOBBIX IPOTHBOOIYXOJEBBIX
[IperaparoB, MPUBEIIN K 3HAYUTESIILHOMY YITyYIICHHUIO
ToKa3aresei BEDKHBaeMOCTH narueHToB. Oxoio 85,8 %
ITOIPOCTKOB M MOJIOZIBIX JIFOMIEH ¢ TUAarHO30M pakK Ipo-
JKUBYT 0OoJiee 5 JIeT MOCje MOCTAHOBKH ITEPBUYHOTO
JIMArHO3a, TIPU TOM OTHOCHUTENIbHASI BEDKUBACMOCTD
OHKOJIOTMUYECKHX MAIlUEHTOB MOJIOJIOTO BO3pacTa cpe-
T BCEX HO30JIOTHYECKUX (DOPM B TIEJIOM COCTABIISIET

CUBUPCKIY OHKONOTMYECKW XXYPHAT. 2024; 23(4): 96-107

81,1 %, nns my»xxuus — 76,7 %, auis sxenmuH — 84,1 %
(3, 4].

B 2006 r. HanmonanesHeiid nactuTyT paka (NCI)
npu nogaepxke @onga LIVESTRONG opranuszo-
Baj ['pynmy mo u3ydeHWIo HayYHBIX HCCIIEOBAaHUH,
MTOCBSIIIEHHBIX PaKy MOJOMBIX JIFOEH B BO3pacTe OT
15 mo 39 ner, KOTOPBIX BBIAETHI B OCOOYIO Karero-
PHUIO0 OHKOJOTHUYECKHX OOJBHBIX M3-32 YHHKAIBHBIX
po0JeM, Kak TPYIITy BBICOKOTO PUOPUTETA BBHILY
MOJIOZIOCTH W XOPOIINX MIAHCOB Ha BBI3JIOPOBICHNE,
a TakKe mpo0IIeM, C KOTOPHIMU OHU CTAJIKUBAKOTCS HA
MPOTSDKEHUM OOJIC3HU U JaJIbHEH N Ku3Hu [S5—7].

VYpoBeHb 320051€BAEMOCTH BCEMH BUIaMH PaKa y
skeHIIH Ha 38,3 % BbIme, ueM y My»duH (52,32 vs
37,82 na 100 000), uTo sBIIETCS OOJBIION COITHATH-
HOHM MpoOIeMOH, TaKk KaK MOCJIECIHUE ACCATUICTUS
OTMEYaeTCsl TeH/ICHIIUS K IIO3JHUM OCPEMEHHOCTSIM H
ponam [8]. bonee 75 % MonOABIX KEHIIUH ¢ OHKOJIO-
THYECKUM INarHO30M, Y KOTOPHIX e1rle He OBLTO POIOB,
XOTeJ M ObI UMETh JICTEH T0CIE JICUCHNUS, a TAIUCHTKHY,
KOTOpBIE YK€ poXkalli, XOTAT cAesaTh 3To cHoBa [9].
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[Ipu 3TOM arpeccMBHOCTb CHEUHMAIBHOTO JICUCHUS
(xumuoTeparnus, JiydeBasi Tepanus 1 Xupypradeckas
KacTpalus) MNPUBOJAUT K MOBPEKJICHUIO TOHAT U K
CHIKCHHIO TOKazaTeneil poxknaemoctu Ha 30-50 %
[10, 11]. Hannaue npoGieM ¢ GepTUIbHOCTBIO YBEIH-
YHBAET BEPOSTHOCTh BOSHUKHOBEHUS JACTIPECCHHU, YTO
CEpbE3HO BIMSET HA (PU3UIECKOE W SMOIMOHAIBEHOE
Onaroroirydre OOJIbHBIX, 8 TAKXKE Ha 00Iee KaueCTBO
xu3HH. Cepbe3HOCTh PENPOAYKTHBHBIX MpoOIeM
MIPSIMO TIPOTIOPIIMOHAIBHO CBS3aHA C PICKOM Pa3BUTHS
nenpeccuu [7, 12—17].

Hcxons U3 BHIIEN3I0KEHHOTO, OHKOJIOTHYECKHE
MAIUEHTKN PENpoaAyKTUBHOIO BO3pacTa ¢ BBICOKHM
PHUCKOM TIOTEpH (PEPTHIIBHOCTH JIOJDKHBI UMETh J10-
CTym K 3(()EeKTHBHBIM METO/IaM BCTIOMOTATEIbHBIX
PENPOIYKTUBHBIX TEXHOJIOTHIA, OCHOBAHHBIX HA OHKO-
Joruyeckoit 6e3onacHoctu. B mepByto ouepens npu
BBISIBJICHUH OHKOJIOTHYECKOTO 3a00JIeBaHUS JOJDKHA
OBITH PACCMOTPEHA BO3MOXKHOCTH BBITIOJTHEHHS Op-
raHoCOXpaHsIomero jJeueHus. llpu onpeneneHHbIX
YCJIOBUSIX 3TO BBIIOJHUMO IPU PAHHHUX CTAJHSIX
SMUTEIINAIBHOTO PaKa SUYHHUKOB, a TAKXKE MPHU I10-
IPaHUYHBIX U T€PMHUHOTEHHBIX OIyXOJISIX SUYHUKOB.
Ho nmaxxe B 3THX ciydasix IIaHC COXPaHUTH (PEePTHITh-
HOCTB peasin3yeTcst Aajieko He Bcerna. PazHoobOpasue
THCTOJIOTHYECKHUX (DOPM M KIIMHUYECKHX TTPOSIBIICHUI
37I0Ka4€CTBEHHBIX HOBOOOPA30BAHU SIMUHUKOB BEITH-
KO, TI03TOMY BO3MOKHOCTH BBITIOJTHEHHS OPTaHOCOX-
PAHSIIONIETO JICYCHUS IS OOBHBIX PEIIPOYKTUBHOTO
BO3pacTa, 3aMHTEPECOBAHHBIX B COXPAHEHNH I€TOPO/I-
HOW (D)YHKIIMH, TOJDKHA PACCMATPUBATHCS HHIUBUTY-
anpHO [18-21].

OcHOBHBIM U HanOoJI€E PE3YABTATHBHBIM METOIOM
coxpaHeHUsl (epTHIBLHOCTH Y KCHIIMH B PENPOIYK-
TUBHOM BO3pacTe SIBJISIETCS] KPUOKOHCEPBAIHS Ai1ie-
KJIETOK W/min aMOproHoB. [Ipennourenue otmaercs
MIPOBEICHUIO CTUMYJISILINN OBYJSIIUU C IIENBIO TI0-
JYYCHUS 3peITbIX SIMIEKIIeTOK (Ha cTaguu MeTadasbl
II) 1 uX KPHOKOHCEPBALIMU METOIOM BUTPU(DUKAITUI
WJIH, TIPU HAJTMYUH TTApTHEPA, OTUIOIOTBOPEHUS U T10-
ydeHust SMOpruoHOB [22]. Takke yCIentHo UCoib-
3yeTcs METO/l KPHOKOHCEPBALIMN KOPTUKAIBHOTO CIIOST
SIMYHUKOB C LIEJIbIO MOCIEAYIONMEH OPTOTONMHYECKON
TpaHCIUIAHTAI[MM TKaHW /I BOCCTaHOBIEHUs (dep-
THJIBHOCTH, KOTOPBIM MPEICTaBIsIeTCS B HACTOAIIEE
BpEeMs €IMHCTBEHHOW CTpaTerueil coxpaneHus Qep-
TUJIBHOCTH AJISl IGBOYEK TPEIyOepTaTHOro BO3pacTa
Y MOJIOJIBIX JKEHIIWH, KOTOPhIE HE MOTYT OTIOXKUTh
Hayaso JeYSHHsI TN HE XOTAT BCTYTaTh B TPOTOKOI
oBapuansHOi ctumyssiiun. C 2019 1. MmeTox He SIBITS-
€TCs DKCIIEPUMEHTANTBHBIM [23].

Pexe ucnonwssyercs meroxn IVM (In vitro
maturation), MpenCTaBIAIONUN COOOH MOTyUYSHHE B
XOJIe TPAaHCBAarMHAIBHOW ITyHKIIMH HE3PEBIX OOIIUTOB
1 UX TIOCTIeiytollee o3peBanue in vitro. Ilony4uus cBoe
Hayao emie B 30— 40-x ronax mpoImnioro CToJIeTHs, Kor-
Jla BIIEPBBIC YAAJIOCh M3 HE3PEIOro OOLUTA MONTYyYHUTh
3pelTbIi, CIOCOOHBIH K OTUIOJIOTBOPEHHIO, B HACTOSIIEE
BpeMs 3Ta METOAMKAa MCIOIB3yeTCs KaK ajJbTepHa-
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TUBHBIA BapUaHT COXPaHEHUs (EePTHIBLHOCTH, KOTIA
MIPOBENIEHIE CTUMYJISIIH OBYJISIIH HEBO3MOXKHO HITH
COTIPSDKEHO C OCIOKHEHUAMH, HAITPUMED C Pa3BUTHEM
CHUHJIpOMa TUIEPCTUMY/ISINNA SUYHUKOB. MeTon 1e-
HEH, TaK KakK MO3BOJISIET OTKA3aThCsl OT CTUMYJISALMU
OBYIISIIMY TOHA/IOTPOITMHAMH, OBICTPO PEAN3YeTCsl, HO
uMeeT 0osiee HU3KKE TIOKa3aTely TOIyIeHUS 3PETIbIX
OOITNTOB M X OILIOAOTBOpEHus [24].

Bce BrIIenepeuncieHHble METO/IbI TOApa3yMeBa-
IOT BO3MO)KHOCTH BBITIOTHEHHS TPAaHCBarnHAJIbHOU
MyHKIWAW (OJUTMKYIIOB M OTCYTCTBHE OITyXOJIEBOTO
nopakeHus SMYHUKOB. Ho mpu Hanmu4uu npoTuBomno-
Ka3aHUU JUTs MyHKIUH (POJUTUKYI0B, KOTOPBIMH SIBIISI-
FOTCS: IECCUMHHAITHS OTTYXOJIH 110 OPFOIITHON MOJIOCTH
(kKaHIIEpOMaTO3), OIYX0JIEBOEC ITOPAKEHNE THIHUKOB,
JIOKAJIM3aIUsl OITYyXOJIU B 30HE MMyHKINHU (OJITUKYIIOB,
WHQWIBTPALUs TapaMETPHUEB, KPECTIIOBO-MAaTOYHBIX
CBSI30K, OITyXOJTb KK MATKH, BIIArajiuiia oonee 4 cM
W JpyTHe, A0 HACTOSIIETO MOMEHTa HET JOCTAaTOYHO
3G PEKTUBHOTO METOJa COXpaHEHUs! (PEepTHILHOCTH
[25]. EanHCTBEHHO BO3MOXKHBIM METOJIOM COXpaHe-
HUsl QEePTUIHHOCTH B TaKUX CIydasX MOXET ObITh
metonx OTO-IVM (Ovarian tissue oocyte in vitro
maturation), B OCHOBE KOTOPOTO JIEKHUT IMOTydYeHUE
HE3peJIbIX OOLMUTOB M3 TKAHU SUYHUKA, YIaJeHHOIO
MIPH XUPYPrUUECKOM JIEYEHHH, C UX MOCIEAYIOUINM
JI03pEeBaHUEM B YCIOBUSX in vitro [26, 27].

IIpotokomst OTO-IVM mist neueHus OeCIionus u
coxpaHeHus! GPePTHIBLHOCTH JI0 HACTOSIIETO BPEMEHN
HE UMEIOT CTaHAapTH3ALNH, OTIINYAIOTCS IPUMEHEHU-
€M WJIM OTKa30M OT IIpaiMUpPOBaHUS (HCIIONE30BaHIE
npemaparoB @CI" u XI'U mepexn myHKIHEH ), CITocoOoM
MYHKTHPOBaHUS (OJITUKYIIOB, YCIOBUSIME TPAHCIIOP-
TUPOBKH TKaHU M3 ONEPAIMOHHON B J1a00paTopuio u
JIpyTUMU TlapameTpamu. [Ipu 3ToM MeTOI HMEeT BbI-
COKHI IMOTEHITHAN K TPUMEHEHUI0, KaK € TUHCTBEHHO
BO3MOXHBIN ISl TIOJYYEHHUS] U KPUOKOHCEPBALUH
OMOJIOTHYECKOTO MaTepuaia y OHKOJIOTHYECKHX
MAIMEeHTOK, KOrJa UCIOJIb30BaHUE APYTUX METOJO0B
HEBO3MOXKHO [28].

BonbmmHCTBO HAYYHBIX MyOIMKAIUN TTOCBSIIIEHO
peamuzanuu Mmetona OTO-IVM u3 Hen3MEHEHHOM TKa-
uu stmuHuka. Cospesanue in vitro (IVM) siilieKneTok,
MONYYEHHBIX ex vivo u3 Tkanu sudHuka (OTO-IVM),
MIPOBOJUTCST OJTHOBPEMEHHO C KPHOKOHCEpBaIHEH
tkauu simuHuKa (OTC) u obcykmaercss Kak JOmMod-
HUTENBHBIA UCTOUYHUK 3PENbIX SAHIEKIETOK C LENbI0
TIOBBIIIICHUS [IIAHCOB HA POXKJICHNE peOeHKa.

B 2020 r. omyOnmkoBaHbBI pe3yabTaThl PETPO-
CHEKTUBHOTO KOTOPTHOTO MCCIIEI0OBAHUS, B KOTOPOM
NaUEeHTKaM C LEJbl0 COXpaHeHHs (EepTUIBHOCTH
ObLiIa BBITIOJTHEHA OTHOCTOPOHHSSI OBAPUOTOMHS IS
KpUOKOHCEpBaIuu Koprekca. [Ipm stom momonHu-
TEJIHBIM METOJIOM COXpaHeHHs (PepTUIIBHOCTH I0-
ciyxun metor OTO-IVM u3 pesernypoBaHHO TKaHU
SIMYHKKA. Y 64 TIAIUEeHTOK MTPOBE/ICHA BUTPUDUKAIUS
SHATIEKIIETOK (6,7 + 6,3 SUIEKIeTKH Ha TAIUeHTKY ).
VYV 13 mamueHToK TPOBEACHO OTUIOJOTBOPEHHE JO-
3peBIKX 10 cTajauu Metadassl 11 siinexinerok MeTo-
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noM MKCU (MuaTpanuToruia3MaTiueckass HHbEKITHIS
cunepmarosonga (ICSI — Intra Cytoplasmic Sperm
Injection)), mpu 3TOM y Ka)k10# TAIIMEHTKH TOITYYEHO
u BuTpuduuuposano 2,0 + 2,0 smO6puona. s 2 na-
LIUEHTOK PaCKOHCEPBHUPOBAHBI OOLIUTHI C MTPOLIEHTOM
yCHemHo! pa3mMopo3ku 86 u 60 % cOOTBETCTBEHHO,
a K02 PHUITHECHT )KUBOPOXKICHUS HA OTHY ITAITUCHTKY
nocie OTO-IVM, UKCH u nepenoca 5MOpHOHOB
cocraBuia 43 % [29].

A. Kedem et al. [30] onyOnukoBaiu pe3yinbTaThbl
coxpaHeHus (hepTHIbHOCTH Vv 119 OHKOMOTHUYECKUX
OOIBHBIX PA3TMYHBIX HO30JIOTHYECKUX OPM B ITEPHO]
¢ 2007 o 2015 . ABTOpBI MPEICTABUIIA CPAaBHUTEIb-
HBIE PE3yJIbTaThl OLIEHKH 3()(HEKTUBHOCTH 2 CLIOCOOOB
3a00pa OOLMTOB IEpea HA4ajJOM OHKOJOTHYECKOIO
nedeHust: coop oountos (OPU) ¢ mpenBapuTeabHBIM
BBeneHueM npenaparoB @CI' B reuenue 3 nHel, ¢ mo-
CJIelyoIlel TpaHCBarnHAJIBHOW acIUpaLuel o yilb-
TPa3BYKOBBIM KOHTPOJIEM HEepe/T JIAIApOCKOIMYECKUM
3a00pOM TKaHU SIMYHUKA ¥ COOp OOIUTOB M3 TKAHU
ssmuHuKa (OTO), n3BiIe4eHHbIX BO BpeMs [TOJITOTOBKA
KOPKOBOH TKaHU SIMYHKMKA K 3aMOpakuBanuto. [Ipose-
JICHO cpaBHEHHE Y(P(HEKTUBHOCTH MOITYyYEHHUS OOLIUTOB
IIPY TPaHCBaruHaJIbHON IIHKIMHU, KOTOPAsi COCTaBUIIA
100 %, 1o cpaBHEHMIO C 3200pOM Ha J1a0O0pPaTOPHOM
JTane MpH MOArOTOBKE TKAaHM K KPHOKOHCEPBAIUH,
e OOLUTHI Moy4eHsl B 50 % ciaydaeB. DMOPUOHBL,
noiryaenHblie myteM OTO-IVM, ycmentHo packoHcep-
Buposansbl B 100 %. HecmoTps Ha 3HaunTeNnbsHO Oosiee
HU3Ky10 3P dexTuBHOCTh MeToia OTO-IVM, aBTophI
MOAYEPKUBAIOT €T0 LIEHHOCTh, TaK Kak OH He TpeOyeT
BBEICHUS TOPMOHAJIBHBIX IIPENapaToB, CHHXPOHU3a-
LMY IeHCTBIH CTICIIATICTOB Pa3IMIHBIX TPOdUIIei 1
MOXKET OBITh peaTM30BaH KakK JOTOTHUTEIBHBIA METO/,
MOBBIIAIOMNHN () ()EKTUBHOCTL MPOrpaMM COXpaHe-
HUs (PEepTHIILHOCTH OHKOJIOTHYECKHX 00ibHBIX [30].
Yuensre u3 HOxnoit Kopen B 2016 1. omyOnmukoBam
pe3ynbTaThl UCCIEA0BAHMS, TTOCBSIIEHHOTO COXpa-
HEHHIO (DEPTHUIILHOCTH MAMEHTOK C THHEKOJIOTHYe-
CKUMH 3JI0Ka4€CTBEHHBIMU Oy XoJsiMuU. [1pu 5ToM BO
BpeMsI OIlepaLuy HE3peJible OOLUThI U3BIEKAINCH U3
MaKpOCKOITMYECKH HEe M3MEHEHHON TKaHW SUYHHUKA
(ex vivo) ¢ 1enblo KyJIbTUBUPOBAHUS IS 1O3PEBAHUS
B TeyeHue 48 4. DPpPeKTUBHOCTH CO3PEBAHUS OOLIUTOB
coctaBuia 67,9 %, 9T0 3HAYUTEIILHO HIDKE, YeM TIPH
TpancBaruHabHON nyHkuuu [31]. TloTtennmmansHoe
IIpUMEHEHNE CO3pEeBaHNUS SHLEKNIeToK in vitro (IVM) B
KaueCTBE aJbTEPHATUBBI 3KCTPAKOPIIOPAIIEHOMY OITJIO-
noreopenuto (OKO) siiniexneramMn, CO3pEeBIIUMH in
vivo, BBI3BIBAET Bee 0ot naTepec. OIHAKO OTIET
0 KIIMHUYECKHX CITyYasX U HeOOIBIINX KOTOPTHBIX UC-
CJIEZIOBAHUSIX JIEMOHCTPUPYET OTHOCUTENBHO HU3KYIO
4acTOTy OIu1of0TBOopeHus oouuToB npu OTO-IVM —
35,2 %, 10 cpaBHEHUIO C OOIIUTAMH, CO3PEBAIOIIINMHU
in vivo M TIOy4aeMbIMU MPU OOBIYHONW CTUMYJISIIUH
SIMYHUKOB, KOTOpasi cocTasiseT 10 65 %. Perpocnek-
TUBHBIN 0030p 3pdextrnBHOCTH OTO-IVM cBUnerens-
CTBYET O 5 )KUBOPOXKJCHHUSX B PE3YJIbTATE IEPEHOCOB
SMOpHOHOB. B 2 cirydasx 3To ObITH 37T0KaYECTBEHHBIC
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oryxouu IMYHUKOB [32]. CoxpaHeHue GepTHIbHOCTH
MIpU paKe SSIMYHUKOB SIBJISIETCS CAMOW CJIOKHOM TTPO-
Omemoi, Koraa Hy»KHO coOMoCcTH GataHc MeXTy 1o-
pOI OTUASIHHBIM KEJIAHUEM MALIMEHTKH UMETh JIeTen
U COOITFOJICHNEM OHKOJIOTHYECKO# OezomacHoCTH. B
Hacrosimee BpeMs meron OTO-IVM, necmoTps Ha
9KCIIEPUMEHTAILHOCTE U HEOTPAOOTAHHBINA alITOPUTM
peanuzaiuy, SBIsSeTCS OCCIICHHBIM, TTO3BOJISTIOIIIM
JlaTh HAJICKIYy Ha POXKIACHUE peOCHKA KCHIIMHAM
PETPOAYKTUBHOTO BO3PACTa C MOPaKEHNUEM STIYHUKOB
TIEPBUYHON OMYXOIbIO (37I0KAYECTBEHHBIE DITUTEINH-
aJbHBIC, HEATUTEINATBHBIC, TOTPAHUIHBIC OITYXOJIH
SIMYHUKOB) WJIM METACTATHUECKUM ITOPAKCHUEM SIHU-
HUKOB TIPU paKe MOJIOYHOH JKeIJIe3bl, TOJICTON KHIIIKH,
aJIeHOKapIUHOME IIEWKH MaTKH, JielKo3e, Heupo-
6mactome u np. [33, 34]. OnHuM U3 KpaliHE BaKHBIX
ACIIEKTOB YCIICITHOTO COXPAHEHUS SUIICKICTOK JIS
UX JO3PEBaHUS, MOCIEAYIOIErO YCIEIHOro OIJIo-
JIOTBOPEHUS ¥ pa3BUTHS YMOPHOHA SBIISFOTCS YCIIOBHSI
TPAHCIIOPTUPOBKHU SIMYHUKA OT OMEPAIMOHHOU IO
naboparopuu, rie SUIEeKIeTKH OyJyT H3BJICUCHBI.
MHOXeCTBO UCCIEeIOBAaHUN MOATBEPKIAIOT MOBPEK-
JIAloIIee BIMSIHUE HU3KUX TEMIIeparyp Ha BEPETeHO
nentenust oouura. ITokasano, uro oxitaxkaenue 1o 0 °C
Ha 10 MUH TOJHOCTHIO M HEOOpPATUMO pazpylIiaeT
BEpETEHO Jenenus oomnuta [35].

Eme B 2014 r. ObuTH mpeACTaBIEHBI JaHHBIE O
MIEPBOH yCTIIEITHON OEpEMEHHOCTH U POIaX MaIHCHT-
ku 21 roga co 3JI0KaueCTBEHHOU OMYXOJIbI0 SUYHUKA
(MUKpOnanuUIIpHasl CEPO3HasT KapIUHOMA SUYHHKA
BBICOKOU cTerneHu Muh(epeHIInPOBKH) U3 SHICKIIeT-
KH, TIOJTYYEHHOW M3 MOPaKEHHOTO OITYXOJIbIO SWY-
HUKa, TO3PEBIIEH U OMJIOAOTBOPEHHON in vitro [36].
M. Bourg et al. [37] npoBesu peTpOCIEKTUBHOE UC-
cienoBanue B iepuof ¢ Mast 2017 1. mo HostOps 2021 1.
¢ npumeHeHueM metoga OTO-IVM st coxpaneHus
dheprmbHOCTH. B riccienoBanme BrItoueHo 20 marm-
SHTOK, U3 HUX 15 — C OHKOJIOTUYECKUMH JUATHO3aMH.
ABTOpBI OOHAPYKHUITH, YTO MIPH OPTaHUYECKOM IIO-
paKEHHS STUYHHUKA OIYXOJIbIO YUCIIO W3BICYCHHBIX
STATIEKIIeTOK cocTaBmiio 4,1 = 6,3 vs 17,4 £ 12,0 ipu
orcytcTBud TakoBoro (p=0,003), Koin4ecTBO BUTPH-
(bUIHMPOBAHHBIX 3PEIIBIX OOLUTOB COCTaBWIIO 1,1 £2.2
vs 5,8 + 5,3 coorBercTBeHHO (p=0,03).

Leanb ncciienoBanus — coxpaneHne GepTUILHOCTH
MAIEHTOK C OITyXOJIEBBIM TOPAKCHUEM SIMTIHUKOB.

MarepuaJj 1 MeTObI

B nepuon ¢ 2021 no 2024 r. B KOTOPTHOE OJIHO-
LIEHTPOBOE OMUCATENILHOE UCCIIEZIOBAHKE BKIIFOYEHO 15
MAIMEeHTOK B Bo3pacTte 16—38 yiet (cpemHmii Bo3pacT —
28,9 roma), momyuuBmux yedenue B OI'bY « HMUIL]
onkonoruu uM H.H. ITetposa» Munspasa PO no noso-
Jly OITyXOJIEBOI0 NOPAKEHUS PENPOAYKTUBHBIX OPraHOB.
TakTtuka nedeHuss 00CyX)aanach Ha OHKOJOTHYECKOM
KOHCHJIMYME, TJI€ MPUHUMAJIOCh PEIICHHE O HEOOXO0IU-
MOM 00bEeME XUPYPrHYESCKOTO JICYCHUS B COOTBETCTBUH
C KIIMHWYECKOW cutyanuer (tadbmuma): 10 mammeHTOK
OBLTH CO 3JIOKAUECTBEHHBIMU OIMYXOJSIMH SITUHUKOB,
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metona OTO-IVM

Ta6bnuua /Table
OCHOBHbIe XapaKTepUCTUKUN BKIMHOYEHHbLIX B UccrnegoBaHue nauymneHTor U pe3ynbTaTbl peanu3aumm

Characteristics of the patients included in the study and the results of implementing of OTO-IVM

100

Bospact/Age

38

37

21

27

27

20

16

37

JMuarno3 MKB/Diagnosis of ICD

C56

Cs3

Cl18.4

C56

C56

C56

C56

Cs56

T'ucronornueckoe uccneno-
Banue (TNM)/
Histological conclusion

[TorpaHnyHbIC SHIOMETPHOHI-

HBIE OITyXOJI 000X SIMYHHKOB/

Borderline endometrioid tumors
of both ovaries
(p)T1c2NOMO

Anenoxkapruaoma Grade II mmeii-
KM MaTKH{ KALIEYHOTO THIIa/
Cervical adenocarcinoma Grade
11, intestinal type (pT1b1NOMO)
IlepcTHEBUAHO—KIIETOUHBII pak
TIOTIEPEYHOI 00010UHO KHIIKH/
Cricoid—cell carcinoma of the
transverse colon (p)T4aN1bM1
(mts B sUUHUKH)/
(p)T4aN1bM1 (mts to ovaries)

DHIOMETPHUOHIHAS KapI[THOMA
stmgHuKa low grade/
Ovarian low—grade endometrioid
carcinoma (p)T1c2NOMO

Cepo3Has KapLIUHOMa
sugHuKa low grade/
Ovarian serous low—grade
carcinoma (p) T3bNOMO

I'epmuHOreHHas omyxosnb
stmynuka — 100 % omyxoub
KEITOYHOTO MEIIIKa/
Germ cell tumor of the ovary —
100 % yolk sac tumor
(p)T3cNOMO)

TepMHUHOTEHHAS OITYXOITb
smaarka — 100 % omyxoib
JKEJITOTHOTO METITKa/
Germ cell tumor of the
ovary — 100 % yolk sac tumor
(p)T1c2NOMO

Cepo3zHast KapIHHOMa
smunuka high grade/
Ovarian serous high—grade
carcinoma (p)T1cIN1MO
BRCAIL(+)

method

O0BeM XHPypPraIecKOro
TeqeHus/
Extent of surgery

ATHEKCOKTOMHUS ¢ 00EHX CTOPOH,
COXpaHEHUE MaTKH (OpraHoCOX-
paHsIoIIee) ¢ XUPYPrUIeCKUM
cragupoBaHueM/
Bilateral salpingo—oophorecto-
my, uterine preservation with
surgical staging

PanukanbHblii Xupyprudeckuit
obbeM/
Radical surgical treatment

PanukanpHeIl XUpypruueckuii
obbem/
Radical surgical treatment

CoxpaHeHHe MaTKH, YIaIeHUE
SINYHUKOB, XHPYPIrHIECKOES
cTagupoBaHue/
Uterine preservation, salpingo—
oophorectomy, surgical staging

CoxpaHeHHe MaTKH, yJajleHHe
SIMYHUKOB, XHPYPIrHYECKOE
cTaupoBaHue/
Uterine preservation, salpingo—
oophorectomy, surgical staging

CoxpaHeHHe MaTKH, y/laJleHue
SIMYHUKOB, XUPYPTrHIECKOE
cTagupoBanue/
Uterine preservation, salpingo—
oophorectomy, surgical staging

CaJb[IMHrO0BapHOIKTOMHSI Clie-

BA, PE3CKLMS [IPABOTO SINYHHUKA,

COXPaHEHHE MaTKH; XUPyprude-

CKOE CTaupoBaHne/

Salpingooophorectomy on the

left, resection of the right ovary,
uterine preservation, surgical

staging

PanguxaneHbiil Xupyprudeckuit
obbem/
Radical surgical treatment

W3Bie4eHo 00nuToB/
Oocytes retrieved

40

11

20

32

OouuToB 0e3 MPU3HAKOB Jerpa-

nanun/Oocytes without signs of

34

13

18

degradation

Joszpeno oonutoB (Meradasza II)/
Mature oocytes (Metaphase II)

10

YermenHo ormIoq0TBOPH—ITUCH/
Successfully fertilized

B

KpHOKOHCEPBHPOBAHO OOILMTOOB/
SMOPHOHOB/
Cryopreserved oocytes/embryos

0[0

6/0

3/0

0/1
(BL2BB)

1/0

3/0

10/0

0/0
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Ilorpannunas ceposHas
oIyXoJb ¢ hoKycamu
MHUKPOTAITHILISP-HOTO CTPOCHNUS/

JIByCTOPOHHSIS pe3eKIMs
SMYHHKOB,

OkoH4aHue Tabnuubl /End of Table

9 24 C56 Micropapillary borderline serous XHPYPTHUECKOE CTanp osare/ 16 10 > 5/0
g Bilateral salpingo—oophorectomy
ovarian tumor with surgical stagin
(p)T1bNOMO & g
DHIOMETPUOHIHAS aICHOKApIH- [IpaBOCTOPOHHSS a/IHEKCIKTOMHSL;
10 33 C56 HOMa SHIHIKA low—grade/. ~ Xupyprieckoe CTajupoBaHue/ 12 7 5 50
Ovarian low—grade endometrioid ~ Right salpingo—oophorectomy
carcinoma (p)T1c3NOMO with surgical staging
HPV-accouunpoBannas nHBa- . .
3UBHAs 4JICHOKAPIINHOMA KN Papuicanbiptii xupyprivieciiii
11 34 (Cs3 . . o6bem/ 8 6 5 5/0
matkn/ HPV-associated cervical Radical sureical treatment
adenocarcinoma (p)T1b2NOMO &
AJTHEKCOKTOMHUSI CIIPaBa, LIUCTIK-
DHIOMETPUOMAHAS AICHOKAPIM-  TOMHS CIICBA; XHPYPrUYeCKOe
HOMa simyHuKa low-grade/ cTagupoBanue/
1225 €56 Ovarian low-grade endometrioid Oophorectomy on the right, 15 13 3 5/0
carcinoma (p)T1c3NOMO resection of the left ovary, surgi-
cal staging
Horparraa ceporns omyxom,  COPUIETI ATk, y1aserne 03
i BL4AA
13 30 C56 . AuiKa/ . craaupoBaHue/ 22 16 12 ( ’
Borderline serous ovarian tumor . . . BL4BC,
(p)T2bNOMO Uterine preservation, salpingo— BL4BB
P oophorectomy, surgical staging )
T Y I e DKCTUpHALHS MATKH C IIPABBIMU
9HIOMETPHON/THASI . -
A — MPHAATKAMH U JICBOI MAaTOYHOM 0/1
14 32 C54 Endometrioid high—grade HgEEE] HHMq)aHeHaKT.OMMﬂ/ 5 10 3 (BL2BB)
. Hysterectomy, right salpingo—oo-
carcinoma of the uterus (p) horectomy. lvmphadenectom
T1aNOMOG3 P Y, ymp Y
HPV-acconuuposannas azne-
HOKapIUHOMA MICHKU MaTKu/ PanukanbHblii
15 33 (53 HPV-associated cervical XUPYPrHUECKUi 00bem/ 7 4 2 2/0

adenocarcinoma

Radical surgical treatment

(PTIbINIMO
HpI/IManHHeZ Ta6nnua COCTaBJICHA aBTOpaMH.

Note: created by the authors.

U3 HUX Y 5 yaJeHbl SUUHUKY C IBYX CTOPOH, YEThIPEM
BBITTOJHSJIOCH XUPYPTUIECKOE JIeUeHHE C BBICOKUM PH-
CKOM KPUTHYECKOTO CHIKCHUS OBAPHATILHOTO PE3EPBa;
3 ManMeHTKH CO 3JI0KaYeCTBEHHOM OMyXOJbIO IMICHKH
MaTKH, KOTOPBHIM BBINOJIHEHA paJuKajibHAas OTepalus
C yJIaJIeHHEeM SIMYHUKOB M3-32 PHCKA METACTaTHYECKOTO
mopakeHus; 1 manueHTka ¢ ymepeHHoau(PepeHITn-
pPOBaHHOW 3HJOMETPUOUIHON aJ€HOKAPIIUHOMOM SH-
JOMETpUSl, KOTJa COXPAaHEHNE MATKU HEBO3MOXKHO, HO
OBLT COXpaHEeH OJINH SUYHUK C IEeNhI0 PO(UITaKTHKH
MPEeXIeBPEMEHHON MEHOIAy3bl; | MalrueHTka ¢ MeTa-
CTa30M B SIMYHUKH PaKa MoIepeuHO-000109HOM KUIIIKH,
KOTOpasi ObLIa BBICOKO 3aMHTEPECOBAHA B IMOIBITKE CO-
XpaHeHUs OMOJIOTMYECKOTO MaTepraia.

Bo Bcex KIMHWYECKUX CIydasiX OBIIO MPUHSATO
pelieHre 00 yIaJeHUH WIH PE3CKIIUN SUYHUKOB, YTO
MIPUBOAMIIO JIMOO K KaCTpaIuH, MO0 K 3HAUUMOMY
CHIDKEHHIO OBapUAIBHOTO pe3epBa. Jleuammm Bpadom
MAIUEHTKY HAIPaBIUTUCH HA KOHCYIBTAIIUIO K OHKO-
PETPOAYKTOIIOTY, TIie 00CYKAalach WHANBUIYalbHAS
TaKTHUKa COXpaHEHUs (PePTUILHOCTU U MPUHUMAIIOCH
pelIeHue o peaau3anuy MeTosa. B 6onsmmHCTBE City-
gaeB MeTox OTO-IVM 01T eTMHCTBEHHO TOCTYITHBIM
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METOIOM IMOTy4EHHsI ONOJIOTUUECKOTO MaTepraa nin
JIOTIOJTHUTENLHBIM METOIOM COXpaHEHUs PepTUIBHO-
CTH, 00eCIeYNBaAIOIINM KPHOKOHCEPBAIMIO OOLIUTOB
WJIH SMOPHOHOB.

SIMYHUKH TOJydYaldd MPH OBAPUOIKTOMHH BO
Bpems xupyprudeckoro JjieueHust B PI'bY «HMUILL
onkosioruu uMm. H.H. IlerpoBay. M3BneyeHHbIN sS14-
HUK [IOMEIAJIU B CTEPUIIbHBIA KOHTEHHED CO CPELOH,
conepxkanieit HEPES Oydep u narperoit no 37 °C
(Flashing Medium, Origio). KonTeiinep pasmemanu
B TPAHCHOPTHOM OOKCE, MOJACPKUBAIOLIEM TEMIIE-
patypy 37 °C. TpancmopTupoBKa OCYIIECTBIISIACH
B MaKCHMaJIbHO KOPOTKHE CPOKH W 3aHuUMala oT 45
1o 75 mun. [lonydeHne oonMTOB M MX JaibHelIIee
KYJIFTUBUPOBAHHUE ITPOBOIMIMCEH B SMOPHOIOTHUECKON
JabopaTopuy KIIMHUKH penpoayKinn «Ckandepty.

[Tpu BBIICIEHUN OOIIUT-KyMYITFOCHBIX KOMILIEKCOB
BCE MaHUITY/ISIIMN IPOBOJVIIN B Cpeie, cofepiKamien
HEPES u narperoit no 37 °C (Flashing Medium,
Origio) B mamMuHapHOM miKady Ha HarpeBaeMou Io-
BEpXHOCTH. AnuHuK nepememiain B yamky Ilerpu
nuamerpoM 100 MM, ocMaTpuBaiM Ha HAJUYHUE aH-
TpaJbHBIX (OTHKYIOB (puc. 1)
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/antral follicles

AHTpaJIbHBIC
(ommKybl

Puc. 1. AnYHKK, NopaxXeHHbIn
Cepo3HOW NorpaHU4Hom ony-
XOIbto, C BbIXOLOM Ha NOBEPX-
HOCTb Kancynbl. MNpymedanHus:
XKeNnTbIMU CTPerikamy OTMEYEHbI
aHTparnbHble oNMKyrbl,
CVHVMU CTperikamu — OnyXxorb;
doTorpadcumsa ¢ noanucsamm
BbIMOMHEHA aBTOpPaMu
Fig. 1. Ovarian serous borderline
tumor with access to the surface
of the capsule
Notes: yellow arrows indicate an-
tral follicles, blue arrows indicate

tumor; created by the authors

Puc. 2. MukpodoTo. OouunTbl B
npouecce gerpagaumu (MH-
BEPTMPOBAHHbIA MUKPOCKOT,

x200). MpumeyaHue: MnkpooTo
BbINOSIHEHO aBTOpPamu
Fig. 2. Microphoto. Oocytes
in the process of degradation
(inverted microscope at x200
magnification). Note: created by
the authors

Hannune GonmukynoB B MOpakeHHOM OITYXOJbIO
SIMYHKUKE ONPEAETSeTCs CTENEHbIO pacpOCTpaHEeHUs
OITYXOJIU B CTPYKTYpax ssuuHuKa. Bce BumuMbie (osmm-
KYJTbI TyHKTHPOBAIN U0l 19G ¢ MOMOIITBIO MITTPHITa
oobemoM 2 mir. [TonydeHHYIO (OIITHKYISIPHYIO KU~
KOCTb BbINTycKanu B yanky [lerpu auamerpom 35 MM co
cpenoii Flashing Medium, Origio, narperoii 1o 37 °C.
Yamky ¢ (hOHKYISIpHON KUAKOCTHIO MTPOCMaTpPH-
BaJld T10JI OUHOKYJSIPHOU JIyNnoi, oOHapyKeHHbIC
oonuT-kymyitocHsle komruiekcsl (OKK) m3Bnexanu
KamuyusipoM (auamerp 300 MKM), TEpEHOCHITN B MO~
TOTOBJICHHYIO 3apaHee YalllKy CO CPeoH [UIsl KyJIbTH-
BupoBanus nox maciom (GTL, Mineral oil, Vitrolife),
YallKy MOMEIAJIU B TPEXIa30BbIi IJIAHIIETHBIN
nnkybarop (PLANER, Origio). Ilocne acnupaunn
BCEX BUIMMBIX (DOJUIMKYIIOB SMYHUK pa3pe3au Ha JBe
IIOJIOBUHBI, KaXK1y10 U3 HUX IEPEHOCUIIU B OTAEIIbHYIO
Jauiky co cpepoi. Jlanee nmpoBoaMIN NPONOJIbHBIE
Ha/Ipe3bl CTEPUIIbHBIM JIE3BUEM, TKaHb POMBIBAJIN IO~
CJIeI0BAaTEIbHO B HECKOJIBKHX YAIIKaX CO CPEROH, 1Mo-
CJI€ Yero KaXy10 JallKy IpOCMaTpUBaIl Ha HAJTUIHUE
OKK, nipu 00HapyKeHUU UX U3BJICKAJIH, KaK OTTHCAHO
BoIe. [o 3aBeprieHun TkaHb sIMYHUKA TTOMENIANN B
CTEpPUJIbHBI KOHTEHHEP ¢ PacTBOpOM (opManuHa u
BosBpaiaiu B HMUIL] onkonorun um. H.H. Iletposa
JUTS THCTOJIOTUYECKOTO MCCIIEIOBAHMS.

CoOpaHHBIE OOLUT-KyMYJIIOCHBIE KOMIIIEKCHI
OLICHMBAJIY I0J] UHBEPTUPOBAHHBIM MHKPOCKOIIOM
npu x200. ®ukcupoBanu oblIee KOJIUYESCTBO H
YHUCJIO JIErpaJMpPOBaHHBIX OOLIUTOB (€CIU TAKOBbIE
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MPHUCYTCTBOBAJIM) B MPOTOKOJIE KYJIHTUBUPOBAHUSI.
K nmerpanupoBaHHBIM OTHOCHIIM OOLUTHI B ITpoIiecce
aTpe3uu, ¢ pparMeHTUPOBAHHON LUTOIMJIA3MOH, a
TAKXKe MyCTbIe 30HBI MEJUIIONKUIA 0€3 LUTOILIa3MBI.
Taxue oOLUMTHI HE WCIIONB30BANIN /IS TaJIbHEHUIIIETo
KyJIBTHBHPOBaHHSA (pHC. 2)

Ocransubie OKK nepenocunu B cpeny [VM (In
Vitro Maturation Media Kit, Sage), mpenBapuTtensHo
WHKYOMpOBaHHYIO 1o MacioM rpu 37 °C B TeueHue
4-8 4 B TpexrazoBom nukydarope (PLANER, Origio).
Jlis KynbTHBHPOBAHUSI UCTIONB30BATH 4-yHOUHBIC
rranmetsl (Nunc). B cpeny npensaputenbHo 100aB-
nst1i TopMoHEl — OCI 0,75M E/mm u JIT' 0,75 ME/min
B COOTBETCTBHH C PHUIIaraeMbIM K HA0Opy Cpell IPOTo-
kosoM. OKK pazzaensiu Ha 4 TyHKH M1aHmieTa, e 0o-
nee 10 B ogHoM myHke. KynpTuBUpOBaHKE MPOBOIUIN
Takke B TpexrazoBoM nukyodarope (PLANER, Origio).
Ocmotp OKK nposoanmn yepes 30 4 KyIsTHBHPOBa-
HUS TI0/1 HTHBEPTUPOBAaHHBIM MUKpOCKonioM Iipu x200.
[Ipu oOHapykeHNH 0OLMTOB Ha cTaauu Meradassl 11
(HamuYme IMOJISPHOIO TEIbIa) OOIUTH M3BIICKAIH
n3 TyHKH KamwuisipoM (auamerp 175-200 mxwm),
MIEPEHOCHIIN B MOJTOTOBIEHHYIO 3apaHee YallKy Cco
cpenoi st KynbTuBUpoBaHus nox maciom (GTL,
Mineral oil, Vitrolife), rae muneTupoBay KamLIIpPOM
150 MKM JU1s1 yJIalieHust OCTATKOB KYMYIFOCHBIX KIJIETOK
C 00ITUTA. 3pEeTIble OOLUTHI UCIIOIB30BAIH B IIPOrpam-
Max coxpaHeHus ¢pepTuiabHOCTH (MyHKT 4). OcTanb-
Hele OKK npomomxanu maKyOMpoBarh eme 18 d
(obmmee Bpems maKyOarww 48 ). [1o mcTedennn Toro
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BpeMenu Bce OKK mepenocunu B 9amky co cpenoi
Juts KyasTuBupoBanus o MaciioM (GTL, Mineral oil,
Vitrolife), roe nunerupoBanu xanmwuisipoM 150 MkM
JUIsl yAaJICHUS OCTATKOB KYMYJIIOCHBIX KJIETOK. Oo1u-
ThI OLIEHUBAJIM [10]] UHBEPTUPOBAHHBIM MUKPOCKOIIOM
nipy 200-KpaTHOM yBeJIMUEHNUH, QUKCUPOBAIIH CTAJHIO
Pa3BUTHUS OOLUTA B IPOTOKOJIE KyIETUBUPOBaHMs: M2
(meradasa 11, 3pensrit oorut), M1 (metadasza I), GV
(3aponBIMIEBHIi My3BIPEK) WITH JIETPaIallus.

B 3aBrcHMOCTH OT ceMeWHOro craryca M xeja-
HUsSI TTAIMEHTOK OONUTHI (puc. 3) n1ub0 KPUOKOH-
CEpBHUPOBAIM METOAOM BUTpUGUKanMu (HaOOp 1ist
BUTpHUHUKAIIUN 00IMTOB U dMOpronoB Kitazato),
1100 OIUIOJOTBOPSUIN CIIEPMOM mapTHepa (IoHOpa
cniepmbl) MetogoM MKCH HezaBuCHMO OT mapaMeTpoB
CIEPMOTPaMMBI, MOCKOJIBbKY OOLUTHI MOCHE 03pe-
BaHMsI HE UMEIOT JIOCTaTOYHO KYMYJIIOCHBIX KJIETOK,
HEOOXOAMMBIX JUISI CBSI3BIBAHHS CIIEPMAaTO30MJIOB.
DOMOPHOHBI KYJIBTHBUPOBAIIM B OIHOLIATOBOW Cpejie
(GTL, Vitrolife) B maHIETHOM TPeXra3oBOM HHKY-
6arope (PLANER, Origio) o ctajuu 6:1acTOUCTHI (5
WU 6 THS Pa3BHUTHS), & 3aTeM KPHOKOHCEPBUPOBAIH
MeToJIoM BuTpuuKamu (Habop 1sist BUTpUUKAIMN
oonuToB U MOproHoB Kitazato).

[Ipu craructrueckoir 00pabOTKe Marepuaia uc-
MOJIb30BAUCH METOJbl OMHUCATENBHON CTATUCTUKH.
KauecTBeHHbIC TaHHBIE YKa3bIBAJIUCH MPH MOMOIIN
aOCOJTFOTHBIX M OTHOCUTEIBHBIX (0N OT OOIIETO YHCITa
00BeKTOB B %) 3Ha4eHui. B cBs31 ¢ HEOOIBIIIM pa3me-
POM BBIOOPKH ¥ OTCYTCTBUEM 3a,1a4H OLIEHKU CTATHCTH-
YeCKOT0 BBIBOJA METObI AaHATUTUUECKON CTaTHCTHKU
He npuMeHsutuch (95 % moBepUTENbHBIH HHTEPBA,
pa3HuLA IPONOPLUH, OLIEHKA IMIIOTE3 U T.1.).

PesyabTarsl

B pesymprare peanuzanuu meroga OTO-IVM y
13 u3 15 manueHToK ObLT KPHOKOHCEPBUPOBAH OHO-
JIOTHYECKUI MaTepHrai: 5 sSMOpHOHOB U 45 OOLUTOB.
Bcero 65110 n3Bieueno 218 OKK, 13 HUX 0OLMTOB ¢
nerpanamueii — 65 (29,8 %), OKK, mpuromHsIx uis 10-
3peBanus, — 153 (70,2 %). Uepes 36 unu 48 u y 13 ma-
[IUEHTOK JI03PEITH 65 0OIHUTOB, YTO cocTaBuio 42,5 %
OT OOIIUTOB 0€3 MPU3HAKOB JCTPAIAIH.
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Puc. 3. MukpodoTo. Oouuntbl
meTtadasa ll, c octatkamu
9KCMaHAVMPOBAHHOIO KymMystoca
(nocne po3peBaHust), Npuroa-
Hble AN KPUOKOHCEPBaLWKN Unn
ONMoAOTBOPEHNS (MHBEPTUPO-
BaHHbIN Mukpockor, X200).
Mpumeyanune: MukpodoTo
BbINOSIHEHO aBTOpamu
Fig. 3. Microphoto. Metaphase
Il oocytes, with remnants
of expanded cumulus (af-
ter maturation), suitable for
cryopreservation or fertilization
(inverted microscope at x200
magnification). Note: created by
the authors

V 11 nauMeHTOK, BKJIIOYEHHBIX B HCCIIENOBAHHE,
u3pnedeHrue OKK ObL10 BBITIOTHEHO U3 TOPAXKEHHOTO
onyxoblo sstmuHuka. [lomyueno 149 oonutos, u3 HUX
OOIIUTOB C mpu3Hakamu nerpaganuu — 50 (33,6 %).
Ocranpnble 99 (66,4 %) OKK Ob111 y10BIE€TBOPHUTEIH-
HOTO Ka4ecTBa, MOCJe TMPOBEIECHUS JO3PEBaHNs CTa-
nuu meradasel 11 nocturiu 49 (49,5 %) oonuros.

O1u1010TBOPEHBI CIIEPMOI MOJIOBBIX AapTHEPOB 20
OOITUTOB TPEX MAIUeHTOK. bbiio momydyeno 14 3uror,
yacToTa ortogoTBopenns cocrasmiaa 70 %. Ilocme
KyJIBTUBAIIAU TIOTYYCHO U KPHOKOHCEPBUPOBAHO 5 IM-
OpHOHOB XOPOIIEro KauyecTBa, YTo cocTaBmilo 35,7 %
OT OOIIETO KOJIMYECTBA 3UTOT.

Ha puc. 4 nmpencraBineHbl SUYHUKH MAIUEHTKH
24 ner ¢ auarHo3om: Ilorpanuunbie cepo3HBIE OITY-
XOJIM SIMYHUKOB € (DOKyCaMU MHKPOIANUIUISIPHOTO
crpoenus IB craguu (pT1bNOMO)) ¢ aBycTOpOHHHM
Mopa)keHHEM TIOTPAaHUYHOH OITyXOJIBI0, TIO/JIE)KAIITHE
OTO-IVM. BreinonHeHO XHpypruyeckoe BMella-
TEJILCTBO B 00OBEME: JamapoTOMHUS, JIBYCTOPOHHSIS
PE3eKIUs SUYHUKOB, PE3EKIHsI OOJBIIOr0 CallbHUKA,
MYJIBTH(OKaIbHAS OHOTICHsI OpIOIUHBL. B pesynsrare
OTO-IVM wusBneueno 16 oouuros, 10 oonuroB 0€3
MIPU3HAKOB JIeTpajiallii, 5 KpHOKOHCEPBUPOBAHO.

VY nByx manueHTok, 34 u 33 net, ¢ HPV-accomm-
MPOBAaHHOW MHBA3UBHON aJIEHOKAPUMHOMOM ILIENKH
MaTKH TIepe]] TOCTUTATN3auel sl paguKalbHON
oreparuy OblIa MPOBECHA CTUMYJIISIHS OBYIISIINHA H
KPHOKOHCEPBUPOBAHO 12 1 9 3penbix oonuToB. M3-3a
JIOCTOBEPHO HE M3BECTHHIX PUCKOB TPAH3UTOPHOM
TUIIEPICTPOTEHUU B O0OMX CIIy4asix Ha MPOTSIKCHUU
BCET0 Kypca BBEJICHUS TOHAJIOTPOITMHOB Ha3HAYAJICS
¢ MpOPUIAKTUICCKON TeNbI0 MPUEM MHTHOUTOpa
apomarassl (JIeTpo3oi, B CyTOUHOM TO3UPOBKE 5 MT).
BBuly BBICOKOI 3aMHTEPECOBAHHOCTH MAIMEHTOK B
COXpaHEeHUH (EPTHILHOCTH, C IEIBI0 TTOBBIIICHHUS
[ITAHCOB Ha PETPOAYKTUBHYIO PEaH3aINI0 BHITIOTHEH
UHTPAOTIEPAIIMOHHBIN 3a00p yHaleHHBIX SHYHUKOB
st OTO-IVM. U3 ssmuHuKOB yaanoch u3Biedb 8 u 7
(n=15) 00LIMTOB COOTBETCTBEHHO, N3 KOTOPHIX 5 OBLIN
JeTpaTupoBaHHbIMH, a 10 mozuiexkany JT03peBaHuIo,
KPHOKOHCEPBHPOBATh YAAIOCh 5 W 2 00LUTA COOT-
BETCTBEHHO. [lanueHTku ObLIM MPOUH(POPMUPOBAHBI
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Puc. 4. YpaneHHble auYHMKK, nopa-
YKE€HHbIE NMOrpaHNYHON OMyXOrbHo:
a — obpasoBaHVe NpPaBoro SSINYHKKa,
pasmepamu 61x51x90 mm;

6 — obpaszoBaHue NeBOro SIYHKKA,
pasmepamu 100x77x96 mm.
MNpumevanune: poTtorpacumn
BbIMOMHEHbI aBTOPaMu
Fig.4. Borderline ovarian tumor
(original drawing): a — the right ovary
61%51%90 mm; b — the left ovary
100x77%x96 mm. Note: created by
the authors

Y TIOHMMAaJIH, YTO PENPOMyKTUBHAS pean3alys BO3-
MO’KHA TOJIBKO NOCIIE JOCTUKEHUSI CTOUKOM pEMUCCHU
C TIOMOIIIBIO YCIIYT CyppOraTHOTO MaTePHHCTBA.

U3 15 onkonornuecknx 60mbHBIX B 9 (60 %) KITMHU-
YECKHX CIIydasX yCIIEIIHO Peai30BaHO MTPUMEHEHUE
OTO-IVM kak e1MHCTBEHHO BO3MOKHOI'O METO/IA CO-
xpaHenus pepTuiabHOCTH; B 4 (26,7 %) ciydasx, koraa
BBIIOJTHSUIMCH PA3IMYHbIC BAPHAHTHI OPraHOCOXPaHSIIO-
IIETO XUPYPTrHUUECKOTO JICUSCHHS C COXPAHESHHEM YacTH
i neoro suaanka, Merox OTO-IVM ncnonas3oBaics
KaK JIOTIOJIHUTENFHBIH METO/I COXpaHeHHs (epTHIIb-
HOCTH, C IeJIbI0 KPHOKOHCEPBAIMU PEIPOTYKTUBHBIX
KJICTOK, KaK MOJICTPAXOBKA B CIIy4ae KPUTUYECKOTO MO~
CJICOTIEPAIIOHHOTO CHMYKEHHSI OBAPUAIILHOTO Pe3epBa
WJIA WHTPAOTIEPAIIMOHHON CMEHBI TIaHa XUPYyprude-
CKOTO BMEIIATEIbCTBA HA PajUKaIbHbIH 00beM; B 2
CIIy4asix METOJ TOTIOHUI KPUKOHCEPBAITUIO OOLIUTOB,
MOJIyYCHHBIX B PE3yNIbTaTe CTUMYJISIIUU OBYIISIIUH,
TEM CaMbIM ITOBBICHB IIIAHCHI HA MTOTYYEHUE XOPOIIIETO
SMOpHOHA U TOCTIKEHNE OEPEMEHHOCTH.

B uccrnenosanue ObUIM BKIIIOYEHBI 3 NMANMEHTKU
CTapIIero pernpoAyKTHUBHOTO BO3pacTa BBUIY HX
KpaifHell 3aMHTEPEeCOBAaHHOCTH B IOTBITKE MOIYYUTh
OMOTOTMYECKIIA MaTepHa, KOTOPBIE PACIIEHUBAIHN STOT
METOJ KaK €IMHCTBEHHYIO JOCTYIHYIO BO3MOXKHOCTH
coxpaHeHus PepTUIILHOCTU. Y 2 U3 HUX HE YIaJIOCh TT0-
JYYUTh MaTepHuall, IPUTOHBIN JJIsl KPUOKOHCEPBAIIHH:
B OJTHOM CJIyYae, y HalUeHTKH 38 JIeT, IpUYMHOMN Heya-
YU TIOCITYKIJIO HHTPAOTIEPAIIMOHHOE KOATYIISITHOHHOE
MOBPEXKJICHUE TKAHU TPU YIAJICHUU YaCTHU SUYHHUKA,
(hOJTUKYITBI B ITPEICTABICHHON TKAHU OTCYTCTBOBAJIH;
BO BTOPOM Clly4yae, y MAaUUEHTKH 37 JIET ¢ HAINYUEM
BRCA1-myTanuu, u3BiedeHo 6 OONUTOB, 3 ObLIH
MOJIBEPTHYThI J03PEBAHUEO, HO TIPUTOHBIX JIJIsI KPHO-
KOHCEpPBAaIlUK OOIUTOB He TmoiydeHo. s ogHo# u3
MAIMEHTOK HeyJaya pealn3alid MeTo/ia OTpeieliia
npuHATHE hakTa HEOOXOTUMOCTH UCTIONH30BaHHUS J10-
HOPCKHX OOIIUTOB, B PE3YJBTATE UYETO POIIICS 310PO-
BbIi MaTbuuK. OJ(HA MTAIUEHTKA C PACTIPOCTPAHEHHBIM
paKoM MOIepedHO0-000I0YHON KHIIIKK ITOTHOMA M3-3a
MIPOTPECCUPOBAHNS OCHOBHOTO 3a00JIEBAHNSI.
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Oo6cy:xnenue

[Ipu HaMU4MK OTYXOJIEBOTO MOPAKECHUS SUIHUKA
OTO-IVM MOXeT ABIATbCS €AUHCTBEHHBIM J10CTYII-
HBIM METOAOM JJI1 COXpPaHCHUSA (i)epTI/IJ'[BHOCTI/I, 110-
CKOJIBKY CTUMYJIALUA AUYHHUKOB, TpaHCBaruHaJbHas
NYHKIUS (DOJUTUKYJIOB HJIM ayTOTPaHCIJIAHTAIUs
TKaHN KPUOKOHCEPBUPOBAHHOTO paHee SHMYHUKA
MIPOTHBOITOKA3aHbI M3-3a PUCKAa KOHTAMHHAIINHU OITy-
xoneBbiMu kietkamu. Metog OTO-IVM cnenyet
BKJTFOUATh B CTPATETUIO HEOTIIOKHOMN PENPOAYKTHBHOM
TIOMOIITH Y YKEHIIMH MTPY HATMYHH TPOTHBOTIOKA3aHHI
K CTUMYIIALIAN STHIHUKOB.

O6cyxaenne nennoctt OTO-IVM kak anbrepHa-
TUBHOT'O METOJIa COXpaHeHH s (DePTHIBHOCTH OCYIIECT-
BJISLIOCH Ha 3acenannu kKoHpepernuu EBponeiickoro
o0Im1ecTBa PEeNpOAYKIMH YeI0BEeKa M dIMOPHOIOTHH
(ESHRE — European Society of Human Reproduction
and Embryology) B 2021 r., T11e Bo3pacT U mokaszaresin
OBapHUAIBHOTO pe3epBa MOTYT SBJISITHCS MPEAUKTOPA-
MU Y3PPEKTUBHOCTH, aHAJIOTUYHO JIPYTHUM BapUaHTaM
coxpaneHus GpepTuIbHOCTH. [Ipennoxenbl KpuTepun
0TOOpa NanMeHTOK: Bo3pacT <38 JieT U ypOBEHb aHTH-
MroiiepoBa ropmona >0,5 ur/mi [38]. U3 3 manueHToK
CTapIIIero PerpolyKTUBHOTO BO3PACTa, BKIFOUEHHBIX B
WCCIIeZIOBAaHMUE, y ABYX MaTepHal JjIsl KpHOKOHCepBa-
Uy He noytydeH. Ho 3To ObLI €TMHCTBEHHO JIOCTYII-
HBIN METOJ] COXpaHEeHUS (PePTHIBHOCTH, B peaIU3aIliH
KOTOPOTO OHU OBLIN 3aWHTEPECOBAHBI.

B HameMm mccrienoBaHWH MPOIEHT W3BJICUCHUS
OOIINTOB, TIPUTOMHBIX A mo3peBanus, — 70,2 % B
o0mieit rpyrre, Kkyaa BkiitodeHsl 4 cinydas OTO-IVM
MPU HE TOBPEKICHHBIX OMYXOJIbIO SSMYHUKAX U 11
CITy4aeB ITPH MIOBPEKACHHBIX OITyXOJIbIO STMYHUKAX. B
TpynIie mnaqueHTOK C IMOPAKCHHBIM OITYXOJIBIO ANYHH-
KOM KOJIMYCCTBO M3BJICYHCHHBIX HCACTPAAUPOBAHHBIX
OOLIUTOB cOCTaBMIO 66,4 %, IPU FTOM HPOLEHT J0-
3peBaHUs OOIUTOB OBLIT HECKOIIBKO BBIIIE, YEM B 00-
et rpyrmie, — 49,2 vs 42,5 %. 1o Bceit BUANMOCTH,
HaJIMYUEC OITYXOJIM HCCKOJIbKO CHHXKACT KOJIUYCCTBO
YJIOBJICTBOPUTEIHHOTO KAY4ECTBA OOIUTOB U MPOIICHT
JIETPaTUPOBAHHBIX TIOJIOBBIX KJIIETOK B JIAHHOM CITydae
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BoImIe (33,6 vs 29,8 %), HO HEe OKa3bIBaeT BIIMSHUS
Ha CITOCOOHOCTD K JIO3PEBAHUIO M OTIOIOTBOPEHHIO.
Hecomuenno, mys 601ee BECOMBIX 3aKIIOUCHHUN Tpe-
OyeTcst HaOOp OOJIBIIEr0 KOJIMYECTBA MAIIMCHTOB B
HCCIIe/IOBAaHNE.

B nutepartype mpeacTaBieHbl MPOTHBOPEUNBBIC
PE3YIIBTAThI UCCIICIOBAHUH, TIOCBSIIICHHBIX BIUSHHIO
TEMIIEPATypPHOTO PEKUMA U BPEMEHU TPAHCIIOPTH-
POBKHM TKaHU SIMYHUKA Ha MOKA3aTeIN YCIEITHOCTH,
00CyKIaeTCs COBEPIICHCTBOBAHUE METO/IOB M3BIICUEC-
HUSI M JIO3PEBaHUS OOIIUTOB. BO MHOTOM pe3ysIbTaTHB-
HOCTb KPHOKOHCEPBAIMK OHOJIOrMYECKOTO MaTepHaia
OIpe/ieNisieTcss ypOBHEM KBanu(UKAIMU J1ad0paTop-
HOTO TIEpCOHAJa, SBJISSACH JIOCTATOYHO TPYIOEMKHUM,
TpeOyeT XOpOIIero OCHANICHUS M BBICOKOTO KauecTBa
po(heCCHOHATBHOTO B3aMMOICHCTBHS PEIPOYKTHB-
HBIX 1 OHKOJIOTHYCCKHX KIIMHHK.
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3akaouenue
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NMAHKPEATUYECKAA ®UCTYJIA NMOCIJIE TACTPIKTOMUMN.
PETPOCMNEKTUBHbLIA OOHOLIEEHTPOBbLIA AHAIU3
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AHHOTauuA

Llenb nccnepgoBaHus — onpeaenvTb YacToTy 1 hakTopbl pyUcka pa3BUTKSA NOCreonepaunoHHON NaHkpeaTu-
yeckon puctynbl nocre ractpaktomun. Matepman u metoabl. C 01.01.2018 no 31.10.2023 B pervoHanbHOM
OHKOIOrM4yeckoM avcnaHcepe npoonepuposaHo 198 6omnbHbIX pakoM xenyaka |-l ctagmm, kotopbim 6binn
BbIMOSHEHbI OMepaTBHbIE BMELLATENLCTBA B 0Obeme racTpakTomum ¢ numdogunccekumen D2. MNposegeHa
OLeHKa XapaKTepucTuK NauneHToB No eaMHoMy paspaboTaHHoMy npoTokony. OnpeneneHbl 3Ha4YMMble ak-
TOpbI, BAMSAKOLME Ha pasBUTME MOCMNeonepaunoHHbIX naHkpeatundecknx cductyn (MOTMP). PesynbTaThbl.
Yactota MNOMM® coctaBuna 18,7 % (37/198). BbisiBNeHo, YTO He BCe MaHKpeaTnyeckme UCTyNbl CONMPOBO-
XOanuck sIBNEHMSIMU OCTPOro naHkpeatuTa. B rpynne n3 37 naumeHtoB ¢ MO conyTCTBYHOLWNIA OCTPbIN
naHKpeaTuT 3aperncTpupoBaH y 5, N3 HUX Nerkuii OCTPbIN NaHKpeaTuT — Yy 2, CpeaHeTAXENbIN —y 3 60ONbHBbIX,
TSHKENbIX OCTPbIX NaHKPeaTUTOB He Habnaanock. 3Ha4MMbIM UHAVKATOPOM BO3HMKHOBeHMA MNOMN® aengetca
HenTpodUnbHO-NMMdoUMTapHbIA MHAEKC (p=0,033), npu OTCYTCTBUM APYTMX MHAEKLMOHHBIX SIBMEHNIA. Kpome
TOro, YCTaHOBIEHbI CrEAyHoLLME 3HaUYMMble haKkTopbl: NMMdaneHonaTys permMoHapHbIX MMMQaTNYeCcKmnx y3nos
(p=0,037), pacnpocTpaHeHHOCTb onyxoneBoro npouecca (kputepunt T) (p=0,002), cnneHaktomus (p<0,001),
pesekumsa nomkenyaoyHon xxenesbl (p<0,001). BbiBoabl. YacToTa nocneonepaumoHHbIX MaHKpeaTUyYeCcKmx
ductyn nocne ractpaktommm coctasuna 18,7 %. 3HaummbiMu cbakTopamu passutus MOMP aensoTca:
peseKuMsa NOMXeNnyAOo4YHON Xenesbl, CNIEeHIKTOMUSA, cTaTyc numdaTnyeckmx y3nos, pasmep v rmybuHa
WHBa3un OMyxoreBoro npouecca. JononHuTenbHbIM HAMKaTopom pa3suTus MNMOM® aBnseTcs nosbileHne
HENTPOUIBLHO-NMMMGOLMTAPHOTO MHAEKCa Ha 1-e CyT nocrne onepauuu.

KnioueBble crioBa: pak xenyaka, racTpaKTOMUsi, NaHKpeaTmyeckas ucTyna.

#=7 ToHeeB EBreHun AnekcaHgpoBud, e.toneev@inbox.ru
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PANCREATIC FISTULA AFTER GASTRECTOMY.
RETROSPECTIVE SINGLE-CENTER ANALYSIS

E.A. Toneev'?, E.A. Keshyan®4, D.I. Nuretdinov?, A.A. Martynov', A.V. Zhinov',
R.F. Shagdaleev?
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2Ulyanovsk State University

42, Lev Tolstoy St., Ulyanovsk, 4320172, Russia

30.M. Filatov City Clinical Hospital No. 15 of the Moscow Department of Health

23, Veshnyakovskaya St., Moscow, 111539, Russia

“N.I. Pirogov Russian National Research Medical University of the Ministry of Health of Russia
1, Ostrovityanova St., Moscow, 117997, Russia

Abstract

Objective: to determine the frequency and risk factors for postoperative pancreatic fistula (POPF) after
gastrectomy. Material and Methods. From January 1, 2018 to October 31, 2023, 198 patients with stage |-
gastric cancer underwent gastrectomy with D2 lymphadenectomy at a Regional Oncological Dispensary. The
characteristics of the studied patients were assessed according to a unified protocol. Statistically significant
factors influencing the development of POPF were identified. Results. The incidence of POPF was 18.7
% (37/198). It was found that not all pancreatic fistulas were accompanied by acute pancreatitis. Among
the patients with POPF, 5 had associated acute pancreatitis: 2 with mild, and 3 with moderate severity; no
severe acute pancreatitis was observed. The statistically significant indicator for the occurrence of POPF
was the neutrophil-lymphocyte index (p=0.033), in the absence of other infectious phenomena. In addition,
the following significant factors were identified: lymphadenopathy of regional lymph nodes (p=0.037), tumor
stage (T criterion) (p=0.002), splenectomy (p<0.001), and resection of the pancreas (p<0.001). Conclusion.
The frequency of postoperative pancreatic fistulas after gastrectomy was 18.7 %. Statistically significant
factors for the development of POPF include resection of the pancreas, splenectomy, lymph node status,
tumor size, and depth of invasion. An additional indicator for the development of POPF is an increase in the

neutrophil-lymphocyte index 1 day after surgery.

Key words: gastric cancer, gastrectomy, pancreatic fistula.

Beenenne

Pak xenynka (PXK) 3annmaer 5-e Mecto B CTpyK-
Type OHKOJIOTHYeCKHX 3a0oneBanuii. B PO B 2020 1.
OBLIIO 3aperHCcTpUPOBaHO 28 955 ciydaeB paka xe-
JyaKa, u3 atoro uncia Ha [[I-1V craauto npuxoaurest
62 %, U3 MepBUYHO BBISIBICHHBIX OOJIBHBIX OKOJO
44,5 % morubaeT B TeUEHHE OFHOTO roja Mocle Io-
CTaHOBKH JMarHosa [1].

PanukanpHas oneparys 3aHMMaeT KIIF0YeBYIO MO3HU-
110 B KOMOMHUpOBaHHOM JieueHnu PK, mo3Bossiomem
JOCTHUTaTh yIOBIETBOPUTENIBHBIX OHKOJIOTHYECKHX Pe-
3yaeTatoB [2]. [actpakromus (I'3) sBuseTcs oqHOM U3
YaCTBIX ONepalyii mpy 3ToM 3adonesannu. [Ipu nannom
o0beMe OMEepaTHBHOTO BMEIIATENbCTBA COXPAHAETCS
BBICOKMI PUCK Pa3BUTHUS TSKENBIX MOCIEONEpPaNOH-
HBIX XUPYPIHYECKUX OCJIOKHEHHUH, U3 HUX Hauboiee
YaCTBIMU SBIISIOTCS KPOBOTEUEHHUSI, HECOCTOSTEIFHOCTH
AHACTOMO30B, (DHCTYIIBI TTIOMKEITYIOYHOH JKEJe3bl U BHY-
TpuOpromHkIe adcreccs [3]. ducrtyna mopKey109HOH
KeJe3bl 10Cye TaCTPIKTOMUM CIIOCOOCTBYET yXy/Ilie-
HUIO XUPYPrHYECKUX PE3YIbTATOB JEUECHUS, TaK KaK
MPUBOJNT K PA3BUTHIO HHTPANIEPUTOHEATbHON HH(DEK-
1M, POPMHUPOBAHUIO BHY TPHOPIOIIHEIX a0CIIECCOB, UTO,
B CBOIO OY€pEb, 3aMMyCKAeT KacKal JOMOIHUTEIbHBIX
[aTOJIOTHYECKUX IIPOLECCOB (CEPAEUHO-COCYAUCTBIX,
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UH(EKIIMOHHBIX) U TPeOyeT JIUTEIHLHOTO U JIOPOTO-
cTosIIIero aeyeHus [4].

Lesb10 Hcce10BaHMA SBUTACH OIIEHKA YaCTOTHI U
MPUYUH BO3ZHUKHOBCHHS TAHKPEATUUECKOHN (DUCTYIIBI
y OOJIBHBIX PAKOM JKEJyJIKa MOCIIC TaCTPIKTOMUU CO
CTaHAapTHOH MuMmdorccekimein D2.

MarepuaJj ¥ MeTObI

B uccnenoBanue BrirodeHO 198 OONBHBIX pakom
JKEITy/IKa, KOTOPBIM ObIJIa BBITTOIHEHA TaCTPIKTOMHUS C
mampomucceknueit D2 B meprogc01.01.18m0 31.10.23
B XUPYPTUYECKOM TOPAKATHHOM H a0IOMUHATHBHOM OT-
nenennu I'Y3 «O0s1acTHOM OHKOJIOrHYECKUI TUCITaH-
cep», I. YAbsIHOBCK. JlJ1s cTaupoBaHus paKa KenyaKa
HCITOIB30BAH KiIacCHU(pUKAIUIO 10 cucTtemMe TNM
8-ro TepecMoTpa, YTBEPKICHHYIO MeXIyHapOIHBIM
coro3oM 1o 6oprde ¢ pakom (UICC).

Kputepuu BriIFOYeHHS B UCCIEIOBAHUE: PaK JKe-
mynka [-IIIA cragmm; Bo3pact 60mbpHBIX — 18—80 ser;
JIalapOTOMHBIA ONepallMOHHBIN focTyn. Kpurepun
WCKIIIOYCHUS: HETIOJHBIC KIMHUYECKUE NaHHBIC IS
aHaJIM3a; JIAaapoCKOMTUYeCcKast TaCTPIKTOMHUS; OCTPast
KapJno-pecrupaTopHas MaToJIOTHs B paHHEM IIO-
CJICOTICPAITMOHHOM IIEPUOJIC; HATMIHE TOCIeonepa-
IIUOHHBIX WH(EKIIMOHHBIX IMPOLIECCOB, HE CBSI3aHHBIX
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C MOJUKENYIOYHOH skene30i. I AUarHoCTUKU U
KiIacCu(UKAINA MaHKpeaTHIeCKuX (PUCTYN peru-
CTPHUPOBAIIUCH KIIMHUYECKH 3HAYMMBIC U3MEHEHUS
U KpaTKOCPOYHBIE pe3ynbTarhl. [lonTBepkaeHneM
HAJIMYMs TTaHKpeaTH4ecKod (UCTybl OBLIO yBENH-
YeHHEe KOHIICHTPAIIMU aMHJIa3bl B OTACISEMOM W3
IpeHaxeH, 3-KpaTHO MPEBBIMIAIOIICH HOPMaTbHBIHA
ypOBEHb aMHJIa3bl B KpOBU. Pacripeenenue 00IbHBIX
B 3aBHCUMOCTH OT BBIPQKEHHOCTH MaHKPEaTHYECKUX
(bUCTYN TPOBOIMIIOCH HA OCHOBE KJIACCU(UKAIIH TT0-
CJICOTIEPAITMOHHBIX CBUIIIEH MOKENTYIOUYHOH KeIe3bl
Mex1yHapOJHOH HCCIIEI0BATEIBCKON TPYIIIBI 10
XUPYpPruu nojpkenyouHoi sxenessl 2016 r. (Interna-
tional Study Group for Pancreatic Surgery the revised,
2016) (Tabm. 1). PeTpoCTIeKTUBHBIN aHAIHA3 IPOBOIHITH
COTJIACHO Pa3pabOTaHHOMY ITPOTOKOJY, JaHHBIE 3aHO-
CHJTUCH B 0a3y IS IIOCJIEAYIOIIETr0 CTaTUCTUIECKOTO
aHaJm3a.

Hefitpodunpro-mumbonnrapusrii naaexc (HJIN)
n TpomborTapHo-muMdoruTapusiii naaexc (TJIN)
OIIPE/ICIISUIMCH KaK OTHOIICHUE a0COMOTHOTO YMCIIa
HEHTPO(UIOB K aOCOIIOTHOMY KOJIMYECTBY JHM(O-
[IUTOB M a0COJIOTHOTO KOJMYECTBA TPOMOOITUTOB K
a0COTIOTHOMY KOJIMYECTBY JTUMQOIIUTOB COOTBET-
CTBEHHO, JAHHBII aHallu3 BBIMOIHSUICS HA 1-€ CyT
MocJyie ornepanyuy.

CraTHCTUYEeCKUIl aHAIHU3 BBITIOJIHEH C UCIOIB30-
BaHueM nporpammbl StatTech v. 4.0 (pa3paborunk —

00O «Crarrex», Poccust). KomnuecTBeHHBIC TIOKA-
3aTeNM OLEHUBAINCH Ha MPEIMET COOTBETCTBHS HOP-
MaJIbHOMY PaCHpeIENeHHI0, UIs TOT0 UCTIONB30BajICA
kputepuii [llanmmpo—Yuika (Ipu unciie nccieayemMbpIx
menee 50) nnu xpurepuin Komvoropoa—CmupHoBa
(mpu uucne uccnenyeMeix 6onee 50). B cioyuae omu-
CaHM KOJMYECTBEHHBIX IMOKa3aTelael, UMEIOIINX
HOpMAaJIbHOE pacIpejiesieHue, MOyYeHHbIE JTaHHbIe
00BEIMHSITICE B BAPHAITMOHHBIE PSI/IBI, B KOTOPBIX ITPO-
BOJIMJICSI PAcUeT CPEAHUX apu(PMETHICCKUX BEIINIHH
(M) u crannaptHbIx oTkiaoHeHu# (SD), rpanwui 95 %
noseputesnbHoro uHrepnana (95 % JI1). Cookyn-
HOCTH KOJTMYECTBEHHBIX ITOKa3aTelNe, pacipeieneHne
KOTOPBIX OTINYATIOCh OT HOPMAJILHOTO, OTTMCHIBAJIMCH
MIpY MOMOIIH 3HaueHnil menuansl (Me) U HUKHETO
u BepxHero kBaptuiei (Q1-Q3). HomuHanpHbie
JIaHHBIE OIMHCHIBAIIMCH C yKa3aHUEM aOCOIIOTHBIX
3HAUEHUW U NpOLEHTHBIX Aoiieil. [lpu cpaBHeHUH
CpPEeIHMX BEJMYMH B HOPMAJIBHO pacCIpeaesIeHHbIX
COBOKYITHOCTSIX KOJMYECTBEHHBIX JaHHBIX paccuu-
ThIBaJICS t-Kputepuil CThroneHTa. /s cpaBHEeHU
HE3aBHCHUMBIX COBOKYITHOCTEH B CIIy4asiX OTCYTCTBHS
MPU3HAKOB HOPMAJILHOTO pacIpeesIeHus] JTaHHbIX
ucnons3oBasica U-kputepuit Manna—Yutuu. Cpas-
HEHHE HOMUHAJIBHBIX JJAHHBIX MTPOBOMIIOCH TIPH T10-
Moy Kpurtepus x> [Tupcona. Pasziaudus mokasareneit
CYNTAINCh CTATUCTUYECKH 3HAYNMBIMH TIPH YPOBHE
sHagumocTu p<0,05.

Ta6nuua 1/Table 1

Knaccudmkaumsa naHkpeaTuyeckux pucrtyn
Classification of pancreatic fistulas

SIBnennsi/Phenomena

[ToBbIlIeHHE AKTUBHOCTH aMHJIa3bl B 3 pa3a OT BEPXHEr0
npejiesnia B CBIBOPOTKE KPOBH/
3—fold increase in serum amylase activity compared to the upper
limit of the normal range
Coxpassrolieecs epuIiaHKpeaTHYecKoe IPCHUPOBaHKe >3 Hell/
Persistent peripancreatic drainage >3 weeks
Knunanyeckn 3HaunMBble n3MeHeHUs B aedeHun [1d/
Clinically significant changes in the treatment of PF
Crenupuyeckre YpecKoKHbIC HITH SHIO0CKOINYCCKUE
BMmenratenscTsa npu [1® s cbopa mazkos/
Specific percutaneous or endoscopic interventions
for PF for sample collection
Amnruorpadpudeckne nporeypsl IIPU KPOBOTCUCHHH,
cBsizaHHOM c [1dD/
Angiographic procedures for bleeding associated with PF

[Mpusnakn nadekmit/Signs of infections

IToBropHEIe onepannu/Reoperations
OpranHas HeocTatogyHOCTH/Organ failure
Cwmepts/Death

BL Grade B Grade C
+ + +
- + +
- + +
= 4 <
- + +
+ +
be3 oprannoii be3 oprannoi
HEJ0CTaTOYHOCTH/ HEI0CTaTOYHOCTH/
Without organ failure Without organ failure
- - +
- = <
- - +

IMpumeuanns: [1O — mankpearmdeckue ducrynsr; BL - biliary leak (yreuka skemumn); Tabnnma cocTaBlieHa aBTOPaMH.

Notes: PF — pancreatic fistulas; BL — biliary leak; created by the authors.
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Pe3yabrarsl

W3 BKITIOUEHHBIX B HCCIIeI0OBaHUE OONBHBIX, IIepe-
Hecmux ['D co cranmaptHo# muMmdoancceknueii D2,
B 37 (18,7 %) cmydasx BOSHUKIIU IMTAHKPEATUUCCKIC
¢ductynsl (Tabdmn. 2). [Ipu aHamu3e gaHHBIX OCIOXKHE-
HUHN yCTaHOBJIEHO, YTO HE BCE MOCIEONEPALNOHHbIE
nankpearnyeckue ductynsl (IIOIID) conmpoBoxa-
JIMCB SIBJICHUSIMU OCTPOro naHkpearura. CpeaHuil Bo3-
pacT, oI, KIIMHUYeCcKasi CTaaAnus 1 N30BITOUHAs Macca
Tena He ObUTH 3HAYMMBIMU MTPEAMKTOPAMU Pa3BUTHUS
[TOI1® nocne racrpakromuu. KomopOouHocTs Oblta
pPaBHO3HAYHA B IpymIiaXx OOJBHBIX C OCIOKHEHHBIM
1 HEOCJIOKHEHHBIM TEYEHHEM T0CIIEONEPAMOHHOTO
nepuona (tabmn. 3). [Ipu panpHelieM aHanuse Io-
CJIEONEPAallMOHHBIX PE3yIbTaTOB BBISBICHO 3HAYH-
MO€ BIMSIHHME CleAyoUuX (akTopoB Ha pa3BUTHE
MaHKpeaTH4eCcKuX (HUCTYyN MOCJe TaCTPIKTOMUH
(Tabm. 4): HaMMYMEe METAaCTATHYECKOTO MOPAKCHUS
MEPUTACTPATBHBIX JIMM(PATHIECKUX Y3JI0B, YCTAHOB-
JICHHOT'O KaK I10 TAaHHBIM JI00IIEPaLlMOHHOTO KIIMHUKO-
HHCTPYMEHTaIbHOTO 06cnenoBanus (p=0,023), Tak u
[0 pe3yabraraM IIaHOBOTO MOP(OIOTHYECKOTO UC-
ClIeZIoBaHus orepanroHHoro marepuana (p=0,037).

B rpynne u3 37 nanuentos ¢ [TIOTI® conmyrcTByo-
IUHA OCTPBIM MOCeonepaluoOHHbIN MaHKPEATUT
OBLT 3aPETUCTPHUPOBAH Y 5 OONBHBIX, U3 HUX JIETKOU
CTEIICHH — B 2, CPEAHETSIKENION — B 3 HAOIIOACHUSX,
Clly4aeB OCTPOTO MOCJICONEePAMOHHOTO TAaHKPeaTHTa
TSDKEJION CTETIeHH He HAaOII0AaI0Ch.

B unccnenoBanuu npoBeneH aHaIU3 ypOBEHEH
HJIN u TJIN na l-e cyT mocieonepalnroHHOTO Ie-
pHoAa B 3aBUCUMOCTH OT HAJIWYHS WIN OTCYTCTBUS
naHkpearndeckoil guctynsl (Tadn. 5). [lanueHts ¢
BHETIAHKPEaTHIECKUMH BOCTIATUTEIbHBIMU SIBICHUSMU
B TaHHBIH NIOJJaHAJIN3 HE BKJIIOYAINCH. BbIsIBICHO, 4TO
yBenuuenue ypoHsi HJIM 3Hauumo cBsA3aHO ¢ pa3Bu-
tuem [1OI1® (p=0,033), Ho nossItenue yposus TJIN
HE MPOJIEMOHCTPUPOBAIO 3HAUUMOM 3aBUCUMOCTH OT
HaJIMY U] WM OTCYTCTBHS TAHKPEaTHYECKON (DUCTYIIBI
(p=0,291).

Oo6cy:xneHue

Hecmotps Ha mOCTHKEHNS B MYITBTHANCIATITAHAD-
HOM JIUCHHH PaKa JKeITy/Ka, pauKaiIbHOE XUpyprude-
CKO€ BMEIIATEIbCTBO OCTAETCS CTaHJaPTOM JIEUEHUSI.
BBy arpecCUBHOTO XMUPYpPruuecKoro BMEIIaTeIbCTBa
B 30HE MaJlOr0 CaJlbHUKA TP BBHIIOJHEHUH TIEpUTa-
CTpaIbHON TUM(MOIUCCEKIINH YacTOTa OCIOKHEHHUH
CO CTOPOHBI MOJKETYOYHOM *Kejle3bl 0cTaeTcd Ha
JIOCTaTOYHO BBICOKOM ypoBHe. [10 naHHbIM auTepary-
pBI, TAaHKpeaTHyecKas (GPUCTyIIa MOCIe TaCTPIKTOMUN
BO3HHKAET y 18,7 % manuenTos, n3 HUX y 24,3 % Ha-
OrroiaeTcs cpeHeTsKeNast MaHKpeaTndeckas QucTty-
7a, TpeOyromas 0oiee JUIMTETBLHOTO CTAMOHAPHOTO
neuenus (p=0,004), yTo yBeaMYMBaET HArpy3Ky Ha
CTallMOHAP ¥ TPUBOJWT K YIOPOKAHUIO TOCITUTAIH-
3armn [4]. Taxke pazputue [TOIID 3HaunMO BIHSIET
Ha 4acTOTY BBIMIOJIHEHUS PEanapoTOMHUM 110 MTOBOAY
appO3UBHBIX KPOBOTEUEHMI, HECOCTOATENBHOCTH
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MUILEBOIHO-KETY0YHOT0 aHacToMo3a. Pyt nccneno-
BaHUH ITOKa3bIBaeT, uto yactoTa IIOII® cocraBiser
ot 2 10 12,6 % [5, 6]. Kpome Toro, BaxkHocTh [TOTID
3aKJIIOYaeTCsl B TOM, YTO B paHee MPOBEIEHHBIX HCCITe-
JIOBaHUSIX MIOKA3aHO, YTO PA3BUTHE MAHKPEATUUECKOM
¢ducrynel yBenuuusaer 90-IHEBHYIO MOCIEONEPALH-
OHHYIO JIETaJIbHOCTh, IPUBOIUT K OTCPOYKE Hadaja
aJbIOBAHTHON XUMHUOTEpANNU, HETATUBHO BIUSET
Ha ToKaszaresu oO0Iei S-meTHeil BhhKUBaeMOCTH. B
HaleM ucciaeaoBanny Bo3HukHosenue [1OI1®D, nesa-
BHCHUMO OT €€ CTENCHH, 3HAYMMO YBEIIMYUBAJIO CPOKH
rocriuranuzanuu (p=0,004).

B MHOTOUMCIEHHBIX HCCIENOBAaHUAX MPOBEICH
a"amu3 (aktopoB pucka pazputus [1OIID mocrme
ractpakroMuu. B meraananmze A.A.S. Al-Magedi et
al. [7] oleHuBanOCH BIHMSIHAE BUIOB XUPYPIHIECKOTO
Joctyna (JIanapoCKOIUsST MU JIAapoTOMUsl) Ha pas-
Butue [IOII®. ABTOpPHI yCTaHOBUIIM, YTO YaCTOTA
Pa3BUTHS TTOCICONEPAITHOHHBIX MMaHKPEaTHIEeCKUX
(bucTyN He 3aBUCHT OT ITaHHOTO (pakTopa. Bo MHOTHX
HCCIICAOBAHUX B KAUECTBE 3HAYUMBIX HHTpaOIepalu-
OHHBIX (pakTOopoB prcka BosHuKHOBeHUs [IOI1D mo-
CJI€ TACTPAKTOMHUH PACCMATPUBAIOTCS CTICHIKTOMHUS
W JMCTaJIbHAS PE3eKIMs MOIKETYA0YHON KeJle3bl
[8, 9]. ITo HamuM JaHHBIM TaKKE YCTAHOBIEHO, YTO
CIUICHAKTOMUS U PE3CKLHUS MOAKETYTOUHON KEJIE3bl
3HaYUMO BIHSIOT Ha pa3sutue [1OIID (p<0,001).

HexkoropsiMu aBTOpamMu ¢ BBICOKHM PUCKOM 00pa-
3oBanus [1OI1® cBs3pIBaAIMCE TAKKE ITOKA3ATENH, KaK
IO BUCLEPAIBHOTO JKUPa U UHIEKC MACChI Tella
(MUMT)[10, 11]. OmHako B ApYTHX UCCIIETIOBAHUIX ITA
KOppeIsIus He Hallia moaTeepkaeHus [ 12]. B nameit
BbIOOpKe UMT Taroke 3Ha4MMO HE BIMSUT HA Pa3BUTHE
[OI®D (p=0,267).

ITo muenuto S. Kamiya et al. [13], remorpanc-
¢by3us 1 00beM MHTPAOTIEPAITMOHHON KPOBOIIOTEPH
3HAUYMUMO BIMAIOT Ha puck pazsutus [1011D —p=0,004
u p=0,005 cooTBeTcTBeHHO. Pe3ynbrarhl, MosyueH-
HbIE B HAIlleM HCCIICIOBAaHUH, aHAJIOTUYHBI, XOTS
BJIHSTHAE 00beMa KPOBOTIOTEPH Ha Pa3BUTHE TTOCIEO0-
NEePaUOHHON MAaHKPETUYCCKON (PUCTYIIBI SBISIETCS
JTUCKyTaOeIbHBIM.

Ilo maHHBIM MPOBENEHHOTO HAMM aHaJHM3a yCTa-
HOBJICHO, YTO JIOKAJIU3alusl Omyxoyid u kpurepuit T
SIBIISIFOTCSL 3HAYMMBIMH (PaKTOPaMH PUCKA Pa3BUTH
[TOI1®. ITo naHHBIM AUTEPATYPBIL, OJHA U3 IPUUHH ITO-
TO SIBIICHUS MTPY PaKe TeJa XKeTy/IKa CBI3aHa ¢ OTU3KUM
PaCIIOJIOKEHUEM OITyXOJIEBOTO IPOIecca K MOIKeTy-
JIOYHOH JKenese, M0ITOMY BO BpeMs XMPYPru4ecKux
MaHUIYJSILUHA IPOUCXOIUT ee TpaBmaru3auus [ 14].

Hexortopeie uccnemoBanus Moka3aiH, 4TO KOJHU-
YeCTBO YAaJICHHBIX JINM(PaTHIECKUX Y3JI0B HE BIHSIET
Ha popmuposanue [1OI1D [15]. OnHako B KpyImHOM
uccienoanun H. Miyai et al. [16] o6bem mumdponmc-
CEKIIMY W KOJIWYECTBO YAAIEHHBIX JHUM(ATHIECKUX
y3JI0B MJICHTU(UIIMPOBAHBI KaK HE3aBUCHMBIC (haK-
topsl pucka [IOI1® nocne ractpakromuu. [1o Hammm
JIAHHBIM, KOJMYECTBO YIAJE€HHBIX JTUM(paTHICCKUX
y310B He B0 Ha passutue [10I1D (p=0,344), ox-
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Tabnuua 2/Table 2
XapakTepuCTUKM NauMeHTOB C NaHKpeaTnyeckom huctynoin nocne raCTpaKToOMum

Characteristics of patients with pancreatic fistula after gastrectomy

. Kuaccudukarus ductyn/Classification of fistulas
ITokasarenu/Indicators uranust ducty

Bes [TOT1d/No POPF B BL P
Wen/Female 55 (34,2 %) 6 (66,7 %) 12 (42,9 %)
Toa/Gender Mys/ Male 106 (65,8 %) 3 (33,3 %) 16 (57,1 %) 0.112
Bospact, Me [IQR]/Age, Me [IQR] 66 [61; 70] 68 [57; 70] 62 [59; 67] 0,338
HIMT, M (SD)/BMIL, M (SD) 27 (5) 26 (3) 25 (5) 0,267
Osupene/ Her/No 124 (77,0 %) 8 (88,9 %) 23 (82,1 %) 0.609
Obesity Jla/Yes 37 (23,0 %) 1 (11,1 %) 5(17,9 %) :
cT1 10 (6,2 %) 0 (0,0 %) 3(10,7 %)
or cT2 22 (13,7 %) 0 (0,0 %) 3(10,7 %) 022
T3 107 (66,5 %) 5 (55,6 %) 17 (60,7 %)
T4 22 (13,7 %) 4 (44,4 %) 5(17,9 %)
cNO 79 (49,1 %) 2(22.2 %) 9 (32,1 %)
N cN1 52(32,3 %) 3(33,3 %) 13 (46,4 %) TR
N2 18 (11,2 %) 4 (44,4 %) 6 (21,4 %)
N3 12 (7,5 %) - 0 (0,0 %)
I 19 (11,8 %) - 4(14,3 %)
0,
Cragus/ I?A ; 0.6 f ) N D o
Stage (5,0 %) - 13,6 %) 0,442
1IB 59 (36,6 %) 2(22,2 %) 5(17,9 %)
I 74 (46,0 %) 7(77.8 %) 18 (64,3 %)
0 8 (5,0 %) - -
la 10 (6,2 %) - 3(10,7 %)
1b 12 (7,5 %) - 3(10,7 %)
. la 1 (0,6 %) - - 0,002*
g 2 22 (13,7 %) - 5(17,9 %) Pyong 5 <0001
3 88 (54,7 %) 3(33,3 %) 11 (39,3 %)
4a 10 (6,2 %) 1 (11,1 %) 4(14,3 %)
4b 10 (6,2 %) 5 (55,6 %) 2(7,1 %)
0 84 (52,2 %) 3(33,3 %) 15 (53,6 %)
1 29 (18,0 %) - 3(10,7 %)
pN 2 27 (16,8 %) 2(22.2 %) 7(25,0 %) 0,037*
3a 17 (10,6 %) 4 (44,4 %) 1 (3,6 %)
3b 4(2,5%) - 2(7,1 %)
XUMHOTEpanHs Her/No 89 (55,3 %) 8 (88,9 %) 14 (50,0 %)
10 oneparn/
Chemotherapy Jla/Yes 72 (44,7 %) 1 (11,1 %) 14 (50,0 %)
before surgery
Jlokanu3arus Teno/Body 71 (44,1 %) 8 (88,9 %) 20 (71,4 %) 0,111
oryxosu/ JlucranbHbIi
Localization of oruen/ 6 (3,7 %) - 2 (7,1 %)
tumor Distal part
Her/No 133 (82,6 %) 3(33,3 %) 15 (53,6 %) <0,001*
CIuteH KTOMHUS/ B
Splenectomy p07B<70,001
Ila/Yes 28 (17,4 %) 6 (66,7 %) 13 (46,4 %) Py 5 =0,001
Pesexuua noz- Her/No 141 (87,6 %) 2(22.2 %) 20 (71,4 %) <0,001*
JKEIIY10YHOU
KeTe3bl/ pofBi%Oo(; 16
Pancreatic Jla/Yes 20 (12,4 %) 7(77.8 %) 8 (28,6 %) 507310’018
resection B-BL °°

IMpumevanns: * — 3HaunMele pasnuanst; BL — biliary leak (yTeuka sxeun); Tabnuna cocTaBieHa aBTOPAMH.

Notes: * — statistically significantly difference; POPF — postoperative pancreatic fistula, BL — biliary leak, BMI — body mass index; created by the
authors.
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Ta6bnuua 3/Table 3
ConyTcTByloLWas NaTonorus y nauMeHToB

Associated pathology in patients

Knaccudukarms ducrtyn/Classification of fistulas

Kputepwuii/Criterion bes I[TOII®/No B BL p
POPF
XpoHnueckast 00JIe3Hb TOYEK/ Her/No 115 (71,4 %) 8 (88,9 %) 23 (82,1 %) 0282
Chronic kidney disease Ia/Yes 46 (28,6 %) 1 (11,1 %) 5(17,9 %) ’
Nuremuueckas 60s1e3Hb cepaia/ Het/No 105 (65,2 %) 8 (88,9 %) 23 (82,1 %) 0.083
Coronary heart disease Ha/Yes 56 (34,8 %) 1 (11,1 %) 5 (17,9 %) ’
Her/No 73 (45,3 %) 2 (22,2 %) 11 (39,3 %)
T'unepronnyeckas 6one3Hb/ I'B1/AH1 8 (5,0 %) 3(33,3%) 2 (7,1 %) 0,034*
Arterial hypertension ['b2/AH2 41 (25,5 %) 3(33,3 %) 10 (35,7 %) p, 5=0,018
I'B3/AH3 39 (24,2 %) 1 (11,1 %) 5(17,9 %)
CaxapHsiii 1uader/ Het/No 135 (83,9 %) 9 (100,0 %) 25 (89,3 %) 0.336
Diabetes mellitus Jla/Yes 26 (16,1 %) 0 (0,0 %) 3(10,7 %) ’
XpoHuueckas cepyiedHas 0 90 (55,9 %) 7 (77,8 %) 20 (71,4 %)
HEJJ0CTaTOYHOCTH/ 1 27 (16,8 %) 1 (11,1 %) 7 (25,0 %) 0,059
Chronic heart failure 2a 44 (27,3 %) 1 (11,1 %) 1(3,6 %)

TIpumeuanus: * — 3sHaunMsble pasnuuns; BL — biliary leak (yreuka skemun); Tabmuna coctaBieHa aBTOpaMu.

Notes: * — statistically significantly difference; BL — biliary leak; created by the authors.
Ta6bnuua 4/Table 4

MepuonepaunoHHble XapaKTePUCTUKM NALIUEHTOB
Perioperative characteristics of patients

Krnaccubuxarms puctys/
Classification of fistulas

IMokazarenu/Indicators Bes [TOMD/ . . p
No POPF
L . 180 190
Bpewmst oneparun, mux, Me [IQR]/Operation time, min, Me [IQR] [160: 210] [169: 210] 210 [180; 260] 0,308
*
Kposomoreps, mi, Me [IQR]/Blood loss, ml, Me [IQR] [253.5(5)00] [303.5(7)00] 500 [500; 700] 5 0’285020
s s B0 2
. . 16 17 23 0,004*
Kotiko-man, Me [IQR]/Hospital days, Me [IQR] [14; 18] [14,75: 21,50] [17: 26] p. =0,011
9 b 9 bl bl B0 bl
KommuectBo mam¢poysnos, Me [IQR]/ 13 15 18 0.344
Number of lymph nodes, Me [IQR] [10; 19] [12; 20] [13; 21] ’
<0,001*
Awmmunasa o apenaxy, Me [IQR]/ 97 956 14155 Py ,<0,001
Amylase in drainage, Me [IQR] [61;173] [393;1659]  [12416; 17332] p, ,<0,001
Py 5=0,040

IMpumeuanns: * — 3HaunMele pasnuanst; BL — biliary leak (yTeuka sxemun); Tabnuna cocTaBieHa aBTOPAMH.

Notes: * — statistically significantly difference; BL — biliary leak; created by the authors.
Ta6bnuua 5/Table 5

Mokasarenu HITU u TIIU B 3aBUcuMocTK oT Hanuuusa NMOMN®
Indicators of NLR and TLR Depending on the Presence of POPF

TTankpearnueckas dhucryma/
TToxazarenu/ P ucry

Indicators Pancreatic Fistula p
Het/No JHa/Yes
HJIN 1-e cyt, Me [IQR]/NLR 1 day, Me [IQR] [3.57] [3.617] 0,033*
148,5 170,0
TJIN 1-e cyt, Me [IQR]/PLR 1 day, Me [IQR] [106.8: 207.7] [112.4: 268.9] 0,291

Ipumeyanus: * — 3HaUMMBbIE Pa3INyKsl; TAONHIA COCTABICHA ABTOPAMH.

Notes: * — statistically significantly difference; NLR — Neutrophil-to-Lymphocyte Ratio, PLR — Platelet-to-Lymphocyte Ratio; created by the authors.
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Hako KpuTepuil N npsiMo KoppeaupoBa ¢ pa3BUTUEM
nmauaHOoTO OocioxHeHus (p=0,037).

3navyenne yposus HJIU kak nmpeaukTopa pa3BUTH
[NOIN® uccnenosano J. Garnier et al. [17], koTopbie
nokazanu, yro HJIU sBnsiercs 3HaunMbIM (akTopoM
HCKJIFOUEHUS] Pa3BUTHUSL JAHHOU NATOJIOTHH, ITOPOro-
BBIM 3HaUCHNEM sIBJIsIeTCs ypoBeHb HJIV, paBHEIi 8,5.
Beuny penkoit wactorsl [TOIID u manoii BEIOOpKH
MaIMeHTOB MBI HE CTajJd B CBOEM HCCIEIOBAHUU
olleHUBaTh noporosoe 3HaueHue HJIM, onHako sTot
(bakTOp ciemyeT YYMTHIBATh MPH MPOTHOZUPOBAHUH
pazsutus [1OIID, npu OTCYTCTBUM JPYTrUX HH(EK-
[IUOHHBIX SIBJICHUU.

B nacrosiiee Bpems crangapra nedeHust [1OI1O
HE CYLIECTBYET, B HALLIEM YUPEKICHUU IPOBOJUIOCH
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EVALUATION OF BIOPSYCHOSOCIAL MODEL FOR PAIN
MANAGEMENT IN POST-ORAL CANCER THERAPY PATIENTS

K. Patil, M. Kaggare Puttaraju, E. Solayappan

JSS Dental College and Hospital, JSS Academy of Higher Education and Research
Mysore, 570 015, India

Abstract

Background. Approximately 50 % of cancer patients have pain in their daily lives, which is multifaceted
sensation goes beyond basic biochemical signal of pain. Oral mucositis is one of the negative consequences
with intense pain, discomfort, challenges in speaking and eating. These components collectively influence
patient's total quality of life across mental, biological, social aspects. Biopsychosocial model (BPS) is an effective
technique for understanding and addressing conceptualization and treatment of pain in cancer patients. The
aim of this study is to assess efficacy of the BPS in managing post-cancer distress and potential to improve
quality of life for individuals with cancer. Material and Methods. This study evaluated 30 cancer patients
who completed radiotherapy and were referred from cancer hospital. The examination encompasses three
distinct categories: biological, psychological, and social components. The biological aspect was documented
based on mucosal lesions and VAS scores for individuals; followed by photo-biomodulation was given.
Palliative care was provided in psychological aspect through implementation of exercise, meditation, music
therapy. The social component encompasses community engagement, social activities, counseling services
for family members. Patients were categorized into 3 groups — A, B, C. All three components were carefully
evaluated and one-month follow-up was done. Results. The outcome derived from statistical analysis of the
data collected from groups A, B, and C. When group A was compared to group B, there was 46 % increase
in quality of life. When group C was compared to group A, 65 % of patients exhibited favorable quality of
life. The average VAS score of patients decreased from 9.2 to 4.5 after Low-Level Laser Therapy (LLLT),
demonstrating gradual decrease in discomfort. P value showed statistically significant (<0.05). Conclusion.
Healthcare providers can enhance their treatment efficiency, addressing root cause of illness, and enhance
overall well-being by incorporating BPS into their practice. Addressing the various elements of biological,
psychological, and social factors would have beneficial effect on overall quality of life.

Key words: oral cancer, radiotherapy, photo biomodulation, biopsychosocial model, quality of life.

OLEHKA BUOMNMCUXOCOLMAINIBHOW MOOENU KOHTPONA
HAL BOJ1bIO Y MALUMEHTOB MNOCIHE JIEHEHUA PAKA
NMONOCTU PTA

K. Patil, M. Kaggare Puttaraju, E. Solayappan

CTtomatonoruyeckumin konnegk n 6onbHuua, JSS Akagemusi BbicLLero o6pa3oBaHus U UCCrnenoBaHui
WHausa, 570 015, r. Maricyp

AHHOTauuA

AK'ryaanoch. MpumepHo 50 % OHKOMOrM4eCcKmUx GOnbHbIX UCMbITbIBAKOT 60rb, MHOIo3Ha4Hyk no Cy6'b-
€KTUBHOMY BOCNPUATUIO, BblIPaXXEHHOCTb KOTOpPOW MpeBbILAET 6a3oBblli YPOBEHb. MyKOSVIT NnorioCcTn pTa
SABNSETCS OAHMM U3 HEraTUBHbIX MOCNEACTBUN nyquon Tepanun, ConpoBOXAatOLLMXCA UHTEHCUBHOMN 6onblto,
aunckomdopTom, TPYAHOCTAMMU B peyun n npneme nnin. OTN KOMMOHEHTHLI B COBOKYMNHOCTU BIMUAIOT Ha obuiee

#=7 Mahesh Kaggare Puttaraju, dr.kpmahesh@jssuni.edu.in
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Ka4yeCTBO >XU3HN NauueHTa B MeHTarnbHbIX, BUONOrnyeckux, coumanbHbeix acnektax. buoncmxocoumansHas
mogenb (BIC) sBnsetca acpdekTVBHBIM METOAOM peLleHus NpobnemMbl 60MM y OHKONOrM4eckMx B60MbHbIX.
Llenb nccnepgoBaHms — oueHka achgektmBHocTn BINC B neueHnn guctpecca nocne npoBegeHHOro cnewm-
anbHOro fneyYeHns Ang ynyyleHns Ka4ecTBa )Xn3H1 OHKorornyecknx 6onbHbix. Matepuan n metoasl. B nc-
cnepoBaHue BkntoveHo 30 6omnbHbIX, KOTOPLIM NMPOBOAMMACH NyYeBas Tepanvs no NOBOAY 31T0Ka4eCTBEHHbIX
HoBoOOpa3oBaHui. O6cnenoBaHNE OXBATbIBAET TpY OTAESNbHbIE KAaTeropumn: OMONormyeckyto, NCMxonornye-
CKYI0 1 coumanbHyo. Bronormnyecknii acnekT OCHOBbIBANCH Ha OLEHKE MOPaXKeHWs CIIM3NCTON 060M0o4Kn pTa
N MHTEHCMBHOCTM 60MM C NOMOLLbIO BU3yarbHO-aHanoroeow wkanbl (BALL) ¢ nocneaytowen dotobrnomony-
nAumnen ¢ NpYMeHeHneM H3KOMHTEHCBHOM nadepHon Tepanun (HWIW). Mernxonoruyeckas nannuaTtveHas
nomMoLLb Gbinia oka3aHa NOCPEACTBOM BHEOPEHUS YIPaXXHEHUIN, MeanTauumn n myablkanbHon Tepanun. Co-
uMarnbHbIA KOMMOHEHT OXBaTblBar CoLManbHyl0 peabunutaumio U KOHCYNbTaTUBHY NMOMOLLb AFS YIIEHOB
ceMbM naumeHTa. bonbHble Obin pasgeneHbl Ha 3 rpynnbl: A, B, C. B rpynnax npoBoannock KOHTPOSbHOE
obcnenoBaHne M OQHOMECHAYHOE AnHaMuyeckoe HabnoaeHne. PesynbTtathl. [py cpaBHUTENBHOM aHanmnse
OaHHbIX, NOMyYeHHbIX B rpynnax Aun B, ycTaHOBNEHO, YTO Ka4eCTBO XN3HWN NaLMEHTOB yNy4Lwmnoch Ha 46 %.
Mpu cpaBHeHuu rpynnbl C ¢ rpynnoi Ay 65 % nauneHToB Habnoganock yny4ylleHne Kadectsa XnsHu. Mpu
npumeHennn HUNW cpegruin 6ann BALL cHusuncs ¢ 9,2 po 4,5 (p<0,05), 4To cBUOETENBLCTBYET O MOCTENEH-
HOM CHWXeHUNn anckomdpopTa.. 3aknoyeHune. MegnumHckme paboTHUKM MOTYT NOBLICUTL APAEKTUBHOCTD
neYeHns, yCTpaHsas OCHOBHYHO NpuYvHy 3aboneBaHus u ynydas obliee cocTogHne NauneHToB, BKIOYMB
BALL B cBOlO NpakTuKy. Bosgencreune Ha pa3nuyHble aremMeHTbl OMONOrMYeckmx, NCUXONOrMYECKNX U CoLm-
anbHbIX (haKTOPOB OKa3biBaeT 6NAaroTBOPHOE BIUSHME HA OOLLEE KAa4YeCTBO XU3HU.

KnioueBble crnoBa: pak nonocTu pra, paguotepanus, poto6uoMoaynsiuusi, GuoncmxocoumansHasi Mogerib,

Ka4yeCTBO XXU3HMU.

Introduction

Globally, head and neck cancer (HNC) is the
seventh most prevalent type of cancer, with around
660,000 new cases and 325,000 deaths occurring
each year. The prevalence of HNC is projected to
increase by up to 30 % annually by year 2030. This
upward trajectory has been observed in both wealthy
and developing nations. Considering the extensive
variety of adverse effects that occur after therapeutic
intervention, it is crucial to evaluate treatment results
for patients with head and neck cancer (HNC) [1, 2].

Cancer treatments result in a range of adverse ef-
fects, with the most prevalent ones being cancer-related
fatigue (CRF) and pain. CRF is described as a “dis-
tressing persistent subjective sense of physical, emo-
tional, and/or cognitive tiredness or exhaustion related
to cancer or cancer treatment that is not proportional
to activity that disrupts normal daily functioning” with
abnormal operation [3].

According to the biopsychosocial paradigm, pain
and disability are complex and influenced by the
interplay of biological, psychological, and social fac-
tors [4]. It is commonly acknowledged that chronic
pain can lead to feelings of depression, anxiety, sleep
disturbances, and difficult interpersonal situations.
However, it is less frequently recognized that these
factors might also make individuals more susceptible
to develop chronic pain. Depression, anxiety, post-
traumatic stress, inadequate coping skills, and exag-
geration of negative outcomes are all psychological
factors associated with the emergence of chronic pain.
Sociocultural variables associated with chronic pain
include low educational achievement, cultural depriva-
tion, and little social support. Genetics, age, sex, sleep,
hormones, and endogenous opiate systems are all
biological factors that have a crucial impact [5, 6].
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The aim of this study to evaluate the effectiveness
of the biopsychosocial model in treating post-cancer
fatigue and explore its potential for enhancing the
quality of life for cancer patients.

Material and Methods

30 patients of 20 males and 10 females were re-
ferred from cancer hospital and those who met the
selection criteria followed by the study was evaluated.
This study was approved from our institutional ethics
committee JSSDCH IEC 21/2022. Prior to evaluating
each patient, written consent was obtained individu-
ally. Inclusion criteria: age 18 year and older; patient
diagnosed with head and neck cancer; patients’ diag-
nosis was confirmed with histopathological report;
patients who have undergone radiotherapy; patients
with oral mucositis post radiotherapy; conscious pa-
tient; patients with undisturbed orientation. Exclusion
criteria: co-morbidities related to fatigue symptoms;
patient under antidepressant and antiepileptics; bipolar
disorder; stroke; pregnancy.

This evaluation research consists of three com-
ponents: biological, psychological, and social. The
biological aspect entailed the measurement of the
VAS score, which spanned from 0 (indicating the
absence of pain) to 10 (representing the most intense
pain). The patients received Low Level Laser Therapy
(photo biomodulation) at a wavelength of 660nm for
2-3 minutes every other day to treat mucosal changes
including erosion, ulceration, sloughing, and depapil-
lation of the tongue. Three contact mode sessions have
been conducted, targeting a total of eight spots in the
buccal mucosa and tongue, six points in the lip, and
three points in the palate (Fig. 1).

The psychological aspect of the evaluation in-
volved the use of WHO questionnaire assessment
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criteria. These criteria encompassed various factors
such as trait anxiety, state anxiety, depressive symp-
toms, distress, body image, social problems, physical
problems, financial problems, sexual problems, sleep,
and appetite. These factors were assessed prior to the
administration of palliative care. Music therapy was
employed as an intervention in either a passive or
interactive manner, including the patient in the crea-
tion of live music. This can be implemented either

Fig. 1. Depicting intraoral reference points according to site.
Note: created by the authors
Puc. 1. KoHTponbHble TOYKM B MOOCTM pTa, Ha KOTOopble
nposogunuck ceaHcol HAJN.
[MpumeydaHue: oTorpadumy BelNONHEHbI aBTOpamMu

independently or as part of a multimodal program. The
breathing exercise was also modified, which facilitated
the regulation of the breathing cycle and ultimately
enabled control over the pace and depth of breathing
after meditation.

Within the social aspect, the patient engages in
communication with their family members and attends
regular counseling sessions. These sessions aim to
provide encouragement and support, thereby reducing
stress and fostering a state of mindfulness. This ena-
bles the patient to fully embrace the present moment
with a sense of self-assurance, ultimately leading to
an enhanced quality of life (Fig. 2). The patients were
categorized into groups A, B, and C based on the three
components of the BPS model (Table 1).

The statistical analysis was conducted using SPSS
software version 22.0. Post-hoc and ANOVA tests were
performed to compare the three groups (Groups A, B,
and C) based on their Biological, Psychological, and
Social components. Descriptive statistics was to evalu-
ate mean and standard deviation. A P value less than
0.05 was deemed to be statistically significant.

Results

The table presents the data collected from three
different groups (A, B, and C) over the course of three
visits. Initially, Group A had 19 participants, which
decreased to 15 participants during the second visit and
further declined to 12 participants by the final visit. In
contrast, Group B started with § participants, which
dropped to 5 during the second visit, but slightly in-
creased to 6 participants by the final visit. Meanwhile,
Group C showed beginning with 3 participants at the
initial visit, rising to 10 participants in the second
visit, and reaching 12 participants in the final visit.
Overall, all patients during the final visit, 12 from
group A, 6 from group B, 12 from group C showing

REFERRAL CENTRE | ™ /' | seLection | \

ASSESSMENT OF a2l ASSESSMENT OF SOCIAL
BIOLOGICAL COMPONENT St COMPONENT
MUCOSAL CHANGES, ANXIETY,DEPRESSION,DISTRESS, SOCIALACTIVITIES &

VAS SCORE SLEEP,APETITE COMMUNITY INTERACTION
COUNSELLING-
PALLIATIVE CARE FRIENDS/FAMILY
LASER/PHOTOBIOMODULATION MUSIC THERAPY, INTERACTION,POSITIVE
MEDITATION REINFORCEMENT
IMPROVISED RELAXATION,
QUALITY OF LIFE | MINDFULNESS

Fig. 2. lllustrating the process from patient selection to the management of biological, psychological, and social components.
Note: created by the authors
Puc. 2. Cxema npumeHeHns bruoncuxocoumnanbHON MOAENN KOHTPOns Hag 6onbto. NpruMmeyaHne: pucyHOK BbIMOMTHEH aBToOpamMm
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Table 1/Tabnuua 1
Assessment criteria-grouping A, B, C)

Kputepuu oueHku (rpynnbi A, B, C)

Mucosal lesion/ o
VAS/ Psychosocial index/
Grade/I'pynna Hanuuue 1 BBIpaKeHHOCTh TOPAsKCHUUS N
BAIII . IIcuxoconuanbHblil HHACKC
CIIM3UCTOH 0O0IOYKH MOJIIOCTH PTa
Difficulty in having food,
A 9-10 Present, restricted mouth opening/ bad social interaction/
ITpucyTCTBYET, OrpaHUYCHHOE OTKPbIBAHUE pTa TpyaHOCTH € IPUEMOM ITHIIH, [JIOX0€
ColMagbHOE B3auMoJeiicTBre
Present, no restricted mouth opening/ No difficulty in having food,
B 7-8 IIpucyTcTBYyeT, HEOTPAaHUYCHHOE improvised social life/
OTKpPbIBaHHE PTa Het npoGiiem ¢ enoi, u coruanbHON )KU3HBIO
Healed, no restricted mouth opening/ No difficulty in having food, good social life/
C 4-6

3aKUBJICHUE, HET OrPaHUYCHUI B OTKPBIBAHUH
pra

Het mpo0iiem ¢ enoid, xopoimast coluanbHas

JKU3Hb
HpI/IMC‘IaHI/ICZ Ta6n1/1ua COCTaBJIEHA aBTOpaMH.

Note: created by the authors.

Table 2/Tabnuua 2
Frequency distribution of number of patients between A, B and C group

PacnpeneneHue nauneHToB mexay rpynnamm A, B C

Groups/I'pymiist Initial visit/TlepBUYHbIi BU3UT Second visit/Bropoii Bu3ut Final visit/®uHanbHbI BU3UT
A 19 15 12
B 8 5 6
C 3 10 12
Total/Bcero 30

30 30

Ipumeyanne: Tabnuia COCTaBICHA aBTOPAMH.

Note: created by the authors.

Table 3/Tabnuua 3
Descriptive statistics showing mean value of each visit between A, B and C

CpeaHuin ypoBeHb 6annoB no wkane BALL Ha kaxgom Bu3uTe B cpaBHUBaeMbIX rpynnax

Visits/ VAS Scores/bamibt o nikaise BAIIT
K Mean/ Standard Deviation/ Coefficient of variation/
OHTPOJIbHOE 00C/IeI0BaHNE
CpenHee 3HaueHUE CrangapTHOE OTKIOHEHUE Koaddpunment Bapuarym
First visit/[Tepssrit Bu3ut (n=30) 9.234 0.732 0.085
Second visit/Bropoii Buzut (n=30) 6.852 0.825 0.135
Final visit/®unansusnii Bu3ut (n=30) 4.167 0.633 0.152

Ipumeyanne: Tabnuia COCTaBICHA aBTOPAMH.

Note: created by the authors.

Table 4/Tabnuua 4
ANOVA test among different groups

Tect ANOVA B cpaBHMBaeMbIX rpynnax

Sum of squares/ Mean square/ F Value/
Cases/Ciyuan DF . p-value
CymMMa KBaipaToB CpenHuii KBagpar 3nagenue F
VAS scores/
Samibi 11 mxane BALLL 201.589 2 100.754 353.832 <0.001
Residuals 16.511 58 0.285 -

IIpumeuanue: Tabnuia cocraBieHa aBTOPAMHU.

Note: created by the authors.
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Table 5/Tabnuua 5

Post hoc analysis showing difference from first visit to final visit among A, B and C group
Pasnuuusa B nokasaTtensx mexay Busmtamu B rpynnax A, Bu C

Visits/
KonrponsHoe obcienoBanue
First visit and second visit/IIepBblif 1 BTopoii BUSHTHI
First visit and final visit/IIepBe1it 1 (GUHATHBII BU3UTHI
Second and final visit/Bropoii u ¢puHaTBHBINA BU3UTEI

HpI/IMe‘IaHI/ICZ Ta6111/1ua COCTaBJIEHA aBTOpaMH.

Note: created by the authors.

full recovery from the disease. Despite the variations
within each group, the total number of participants
across all groups remained constant at 30 for each
visit (Table 2).

The VAS score of patients with oral mucositis was
assessed at three distinct time points: initial, second,
and final visits. The VAS score is a pain intensity scale
ranging from 0 (no pain) to 10 (most severe pain). The
average Visual Analog Scale (VAS) score decreased
from 9.234 during the initial visit to 4.167 at the final
appointment, suggesting a decrease in pain experienced
by the patients over time. The coefficient of variation
exhibited an increase from 0.085 to 0.152 at the final
visit, indicating a rise in relative variance (Table 3).
The findings of one-way ANOVA test comparing the
effects of three different therapies on the VAS score
and mucosal lesions of the patients indicate that the F
value for the VAS score is 353.832. The p-value for the
VAS score was found to be less than 0.001, indicating
statistical significance (Table 4).

A post hoc test was conducted to examine the
average values of the variables at three different time
points: the initial, second, and final visits. The mean
difference represents the discrepancy in the averages of
the two groups being compared. The P value indicates
the presence of a statistically significant difference
between the groups. Since all p-values are below
0.001, the findings indicate that there are statistically
significant disparities among the three time periods.
This implies that there was a significant variation in
the variable between the initial and subsequent visits,
as well as between the subsequent visits itself. The
largest mean difference was observed between the
first and final visits (3.533), followed by the second
and final visits (2.213), and then the first and second
visit (1.456) (Table 5).

Discussion

Advanced head and neck cancer (HNC) patients
in the orofacial, oropharyngeal, and neck regions are
significantly impacted by radiation therapy (RT). The
psychological model is influenced by various factors
like the type and stage of the tumor, the technique and
intensity of the therapies, as well as the individual's
inherent personal qualities. However, in most patients,
complications are associated with significant illness
and mortality, which puts additional strain on the
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Mean difference/

SE T p-value
Cpennsis pazHUIA
1.456 0.135 10.152
3.533 0.135 26.374 <0.001
2213 0.131 15.221

healthcare system and may potentially affect patient
compliance with cancer treatment plans, leading to
decreased self-assurance. The majority of patients may
encounter diverse issues that augment their overall
medical load and diminish their quality of life (QoL)
[7, 8]. Cancer patients frequently experience psycho-
logical disorders alongside a high prevalence of pain,
burning sensations, and challenges with food intake,
all of which significantly impact treatment adherence
and overall quality of life.

According to Lu et al. (2016) [9], around 30 to 50
% of cancer patients suffer from psychological prob-
lems such as post-traumatic stress disorder (PTSD)
and post-traumatic stress syndrome (PTSS), which
often go unnoticed.

From blood samples of cancer patients, two dis-
cernible biological features are inflammation and
anemia. Both characteristics have been linked to can-
cer-related fatigue in individuals who have survived
cancer, due to elevated levels of pro-inflammatory
cytokines (such as TNF- and IL6) and a decrease in
hemoglobin levels. Cancer-related fatigue patients
have a higher susceptibility to sarcopenia, which is a
notable decline in skeletal muscle mass that impacts
muscular strength and endurance. Neuromuscular
fatigability, which refers to the decrease in the ability
of the neuromuscular system to generate force during
exercise, is frequently observed in cancer patients with
cancer-related fatigue (CRF). This phenomenon is
likely caused by a specific central factor, as indicated
by several studies [10-14].

Photo-biomodulation treatment (PBM), formerly
referred to as low-level laser therapy, involves the
utilization of lasers or non-coherent light sources such
as LEDs to effectively enhance cellular metabolism.
This therapy regimen utilizes a non-thermal technique,
meaning that it does not involve the application of heat
or mechanical force that might potentially damage
cells. The power and energy levels employed in this
treatment are intentionally kept below the threshold
known to induce adverse heating effects or mechani-
cal cellular damage. Research has demonstrated that
PBM primarily works by speeding up the production
of ATP and causing the immediate release of reactive
oxygen species (ROS). Furthermore, PBM induces
a redox response by swiftly and temporarily trigger-
ing the activation of reactive oxygen species (ROS).
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Fig. 3. Expression and dynamics of post-radiation mucositis during treatment and application of the BPS model: 3A — first visit;
3B — after 2 days of first visit; 2C — after 2 days of second visit. Note: created by the authors
Puc. 3. BelpakeHHOCTb 1 AnHaMmka NOCTIly4eBOro MyKo3uTa B NpoLecce neveHus n npuMmeHeHust mogenu bIC: 3A — nepBhbiit BU3WT;
3B — yepes 2 gHa nocne nepBoro Bu3muTa; 2C — Yepes 2 AHS nocre BToporo BusuTa. MprmMeyaHnue: goTtorpacdum BbINOMHEHbI aBTOpaMu

Both infrared and red light are likely to enhance ATP
production by activating cytochrome c oxidase (CcO),
according to the most credible theory proposed by
Moradi et al. in 2019 [15].

H. Aroraetal. (2008) [16] utilized low-level He-Ne
laser therapy to prevent oral mucositis (OM). Their
study revealed that patients who underwent LLLT had
a significantly reduced occurrence of OM compared
to those who did not (p value of 0.019 after 6 weeks).
In a study conducted by A. Simes et al. (2009), the
researchers examined the impact of three distinct
schedules (3 vs 1 sitting each week) and two different
laser strengths. After three weekly sessions, they no-
ticed a statistically insignificant improvement in pain
reduction (p=0.011). V. Oberoi et al. [17] conducted a
comprehensive review and meta-analysis of 18 studies
to assess the effects of LLLT on oral mucositis. The
research revealed that LLLT significantly reduces
the occurrence of severe oral mucositis compared to
not receiving LLLT (p=0.001). Similarly, this study
demonstrates a statistically significant difference in
the average values between the initial visit (9.234)
and the final visit (4.167) (Fig. 3).

In the 1990s, a significant number of cancer patients
in Australia, North America, and Europe, ranging from
over 50 % in Australia to up to two-thirds in North
America and Europe, reported using psychological
therapies such as meditation, imaginative thinking,
mindful living, and hypnotherapy. These therapies
are considered popular “alternative therapies” for
managing cancer symptoms [18-20]. The main goal
of breathing-based relaxation techniques is to enhance
mindfulness of the breathing cycle and ultimately
achieve mastery over the pace and depth of breathing.
Initially, patients in our study are introduced to basic
practices that focus on developing awareness of their
breathing. However, as the treatment progresses, they
also learn to control their breathing. This improvement
in breathing control has led to a significant improve-
ment in the patient's quality of life, as observed from
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their first appointment to their last visit. Patients are
advised to concentrate on the rhythm, depth, and sound
of their breathing, without trying to control or change
it. This practice can help alleviate cancer-related fa-
tigue and enhance their overall well-being. Patients
can enhance their practice by acquiring the ability to
modify the duration of breaths, the intervals between
breaths, and employing other advanced techniques.
Diaphragmatic breathing, characterized by slow and
deep breaths through the nose, is employed in several
breathing techniques [20-22]. This study involved
training head and neck cancer patients to initiate
swallowing during their relaxed breathing phase us-
ing meditation, and to maintain breathing after swal-
lowing with the aid of visual reinforcement. Like the
RCT study conducted by Martin et al. (2015) [23], the
integration of a systematic approach and respiratory
phase-related biofeedback can improve the coordina-
tion between respiration and swallowing. The optimal
moment to swallow was determined to be during the
period of silent respiration in the middle to late stage
of exhalation.

The social approach prioritizes symptom manage-
ment through engagement in regular social activities,
rehabilitation, and fostering community support and
interactions with colleagues and family members
[24]. Hence, coping techniques can serve as a strong
indicator of the mental welfare of those who have
survived cancer, and it is an important area for care-
takers to address and intervene, according to Simoes.
Eight cancer survivors who were part of the quanti-
tative study took part in semi-structured qualitative
interviews to gain further insight into the factors that
affect their psychological well-being. Psychosocial
coping techniques can be classified into three primary
categories: problem-focused coping, meaning-focused
coping, and emotion-focused coping [25]. Specialized
clinicians, who have been trained in these frameworks,
act as exemplars for biopsychosocial well-being. They
understand the significance of coping techniques and
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their relationship to psychosocial outcomes in the
context of illness. Our study involves educating family
members about the profound psychological impacts
and the crucial role of social awareness. This prepares
them to explore coping strategies that contribute to
the complete rehabilitation of the patient, ultimately
enhancing the patient's overall quality.

Conclusion

This study highlights the significance of compre-
hending the complex interplay among biological,
psychological, and social elements in the initiation and
treatment of cancer patients. As far as we know, this is
the initial study that links photo biomodulation with
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AHHOTauus

AktyanbHocTb. MeTunuposaHve OHK — BaXHEMLLMI MEXaHU3M SMUTeHETUYECKOM perynsunumn TpaHCcKpun-
unn. HapyleHnns B mexaHname metunuposanusa [HK accouumnpoBaHbl ¢ pasnMyHbIMU 3110Ka4eCTBEHHBIMM
HoBooGpa3oBaHusamu (3HO), TakMMmM Kak OCTPbIA MUENOUAHBIN NENKo3, pak MOMOYHON Xenesbl, pak npea-
cTaTenbHOM xenesbl U Ap. BnvaHne Ha dyHKuMoHanbHoe coctosiHne hepmeHToB [HK-meTuntpaHcdepas
(DNMTs) n 6enkos cemerictea TET (TETs), perynupyowmux MetunupoBaHue n gemetunuposanue OHK,
SIBMAETCA OCHOBOW NOAX04a 3MUreHEeTUYECKON NPOTMBOOMYXoneBor Tepanuu. B o63ope paccmatpusatotcs
npobnembl 1 NepcnekT!Bbl NPUMEHEHNST HYKNEO3MAHbBIX N HEHYKNEeO3nAHbIX MHIMbutopoB DNMTs, a Takke
nHrmnbutopos TETs. MNpeacraBneHa oueHka pesynbTaToB KMMHUYECKUX McCnefoBaHuii adheKTMBHOCTU
nHrmbntopos DNMTs, npumeHseMbIX MHONBUAYaNbHO 1 B COCTaBe KOMOUHMPOBAHHOW XMMMOTEpanum, Npo-
BeAeHHbIX 3a nocnegHue 15 net. Matepuman n metogbl. [1oMCK NCTOYHNKOB NpoBOAUNKN B cuctemax PubMed,
ScienceDirect, Web of Science, eLibrary, CyberLeninka. B aHanuae ncnonssoaHo 6onee 700 nybnukauumn, B
0630p BKINIOYEHbI MpenMyLLecTBeHHO paboTkl nocnegHmx 10 net. Pag ctaten, onybnukoBaHHbIX paHee 2015
., UICMOMNb30BaH 4S9 UCTopuyeckon cnpaskn. PesynbTaThl. [peacraBneHa nHgopmaumsi 0 COBPEMEHHbIX
OOCTVXEHUSIX MO pa3paboTke M U3YYEHMIO SMUTEeHETUYECKU aKTUBHbLIX COEQUHEHUN, OEeNCTBME KOTOPbIX
HanpaeneHo Ha perynaunio metunuposanusa OHK. MpeacraeneHsbl gaHHble 06 addekTax in vitro v in vivo
areHToB, paccmaTtpvBaeMbIX Ans npumMeHeHns B Tepanum pasnuyHbix 3HO. Kpome Toro, npuBeaeHbl AaHHbIe
KMVHNYECKNX UCTbITaHWI Hanboree NepcnekTUBHbBIX ANUIEHETUYECKNX MOOYNSTOPOB.
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Abstract

Background. DNA methylation is a crucial mechanism of epigenetic regulation of transcription. Disturbances
in DNA methylation mechanism are associated with various malignancies such as acute myeloid leukaemia,
breast cancer, prostate cancer, etc. Influencing the functional status of DNA methyltransferases (DNMTSs)
enzymes and TET family proteins (TETs), which regulate DNA methylation and demethylation, is the basis of
epigenetic anticancer therapy approach. In this review, we have considered the challenges and prospects of
nucleoside and non-nucleoside inhibitors of DNMTs as well as TETs inhibitors. The results of clinical trials on
the efficacy of DNMTs inhibitors used individually and as part of combination chemotherapy conducted over the
last 15 years are also evaluated. Material and Methods. Sources were searched in PubMed, ScienceDirect,
Web of Science, eLibrary, CyberLeninka. More than 700 publications were used in the analysis, but the review
included mainly works of the last 10 years. A number of articles published earlier than 2015 were used for
historical reference. Results. The review provides information on current advances in the development and
study of epigenetically active compounds whose action is aimed at the regulation of DNA methylation. Data
on the in vitro and in vivo effects of agents considered for use in the therapy of various malignancies are
presented. In addition, the data of clinical trials of the most promising epigenetic modulators are presented.

Key words: antitumour therapy, DNA methylation, DNMTs inhibitors, TETs inhibitors, clinical trials.

Beenenne

OO BKJIaJ B pa3BUTHE U MPOTPECCUPOBAHKE
3HO BHOCAT reHEeTHYECKUE HApYILICHUs U THCpe-
CyJSILUST SIIUTEHETUYECKUX MexaHu3MoB [1]. Bax-
HEWIIUM MEXaHU3MOM SIIUTCHETHYECKON Perysiuu
TpaHCKpUNIuM sBasieTcss Metunuposanue JHK,
OCHOBAaHHOE Ha JO0ABJIICHUU METHIIBLHOTO paJuKaia
(CH3) x yriepoay B ISTOM TOJIOKEHUH IIUTO3H-
Ha (5mC) B CpG-aIuHYKICOTHAAX B MPUCYTCTBUH
S-anenozunmernonnna (SAM) [2]. MeTtunupona-
nue JIHK karamusupyercst cemelictBom (hepMmeH-
toB DNMTs, BxarouaromuM DNMT1, DNMT3A,
DNMT3B, DNMT3L u DNMT3C. MetunupoBanue
JHK noapaznensercs Ha MOAAEPKUBAIOIIEE METH-
JUpOBaHUE M METHIMPOBaHUE de novo. 3a mouaep-
JKQaHME YCTAHOBHBILIETOCS MPOMUIS METHIUPOBAHUS
IIpH JeTIEHUH KJIETKH OTBEYaeT METHIITpaHcdepasza
DNMTI1. MetmimpoBanue de novo 3akiitodaercs B
METHJINPOBAHUU TPEKIEe HE METHINPOBAHHBIX TI0O-
caepoBarenbHocTel JITHK Bo Bpemsi oHTOreHe3a u
ocymiecTBisieTcst MetunTpancdepazamu DNMT3A u
DNMT?3B B xommiekce ¢ cyobenuauiieit DNMT3L,
KOTOpasi TMOBBIMIAET KATATUTUYECKYI0O aKTUBHOCTD
MeTWITpaHcdepas, pu 3TOM HE B3aUMOJICHCTBYsI C
JHK [3]. Mexanu3msl gemetunupoBanus JJHK nox-
pa3nensroTCs Ha MacCUBHBIN U akTUBHBIN. [TaccuBHOE

126

nemerunupoBanue JIHK mpoucxomut B pesynbrare
muchyaknun pepmenta DNMT1 wunu nipu Hapyte-
HUU TIAaTTEPHAa METHWJIMPOBAHUS MAaTEPUHCKOHN IEMH.
AxTtuBHoe neMmermnnpoBanue JJHK BxmrouaeT He-
CKOJIBKO (DepMEHTATHBHBIX PEAKLUUH, IPUBOIAIINX K
YAAJICHUIO WM MOIU(HUKALUU METUIBHOM IPYIIIBL.
®epmentsl cemeiictBa Ten-eleven translocation (TET)
SIBJISIIOTCS KJIIOUEBBIMH YYaCTHUKAMU B aKTHBHOM J1e-
MetunupoBanuu. benku TET MHUIIMUPYIOT OKHCIIEHHE
5-METHUIUTO3UHA 0 S-TUAPOKCHMETHUIIUTO3UHA
(5hmC). Briocnencteuu TET-omocpenoBanHoe oKuc-
JIeHHE 5-TUAPOKCUMETHIILIMTO3NHA TPUBOIUT K 00pa-
30BaHMIO S-POPMIIILIUTO3NHA U S-KapOOKCHIILIUTO3NHA
[4].

Hapyumienus B metunupoBanuu JIHK npusogst
K U3MEHECHHIO MPOQUIS dKCIPECCUU T'€HOB, XPO-
MOCOMHOH HECTaOMJIBHOCTH M MOTEpPEe T€HOMHOTO
MMIIPUHTUHTA, YTO, B CBOIO OY€pelb, CIIOCOOCTBYET
MIPHOOPETCHUTO OITYXOJIEBEIMHE KJIETKaMH O0JTee arpec-
cuBHOTO (enorumna [3]. AGeppaHTHBIEC MPOIECCHI,
CBSI3aHHBIC C aKTUBHOCTBIO M OKCTIPeCcCHEr ()epMEHTOB
DNMTs u TETs, xapakrepusl mis takux 3HO, kax
OCTPBIN MEETTOUAHBIH Jetiko3 (OMJI), pak MOIOIHOM
xenessl (PMIXK), pak sugomerpusi, pak mpeacraTens-
Ho# sxene3sl (PITK) u ap. O6paTumMocTh SnureHeTye-
CKUX MOJU(HKALUI 1 BO3MOXXHOCTH BO3ACHCTBOBATh
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Ha (yHKIMOHUPOBAHUE SIIUTEHETHUECKUX (PEPMEHTOB
nenarot 6erkn DNMTs u TETSs mepcrieKTHBHBIMHU MU-
MICHSIMU IS IPOTUBOOTTYX0JICBOM Tepamuw [5].

B npescraBneHHOM 0030pe PUBEICHBI TAHHBIC O
TEpaNeBTUUECKUX MOJAX0JaX HAa OCHOBE MOMYJALNH
metmmpoBanus JIHK, paccmorpens! yxe ogoOpeH-
HbIE WJIM TIEPCTIEKTUBHBIE HHTUOUTOPHI (PEPMEHTOB
DNMTs u TETs, onucanbsl uX NPOTHBOOIYXOJIEBBIE
3¢ ekt in Vitro U in vivo, a TaKKe MPeICTaABICHbI
pe3yIbTaThl KITMHUYECKUX UCTTBITaHUH.

HNuruduropst DNMTs

Wurn6uropsr DNMTs MOXXHO pa3zienuTh Ha ABE
TPYNIbL: HYKICO3UIHBIE U HEHYKJICO3HIHbIC WHTH-
outopsr DNMTs.

Hykneo3uonvie unzuoumopvt DNMTs

I'maBHOI 4epTON HYKJIE03UIHBIX AHAJIOTOB LIUTO3H-
Ha SIBJISIETCA HAJIMYUE B UX CTPYKTYpe MUPUMUINHO-
BOTO KOJIBLIA, YTO OOYCJIOBJINBAET CIIOCOOHOCTh 3TUX
MOJIEKYJI BCTPanBaThCcs BO BHOBb CHHTE3WPOBAHHYIO
JHK u PHK. AzauuTuavH u AenUTaOMH — NIEPBbIC
Hyksieo3unnsie nHruouTopel DNMTs, onoOpennsie
YnpaBiieHreM 1o CAaHUTAPHOMY Ha/I30pY 32 Ka9eCTBOM
MMATIEBBIX MpoaykToB 1 MeankamenToB CIIA (Food
and Drug Administration USA, FDA) nns tepanun
3HO. CtpykTypHOE OTIIMYUE A3alUTUIWHA U JCIU-
TaOWHA OT WX MPUPOAHBIX AHAJIOTOB, IUTHJINHA U
2'-Ie30KCUIUTHANHA, COCTOUT B TOM, YTO yIJIEPOJ B

MOJIOKEHUU 5 TUPUMHUAMHOBOTO KOJIbIA 3aMEHEH Ha
aToM azota (puc. 1) [6].

ITomanast B KJIE€TKY, JaHHBIE COEIMHEHNS MTOIBEpTa-
101t AT®-3aBrcumMomy hocopuIMpoBaHuIo 1 riepe-
XOIIT B (hapMaKoJIOTHUeCKH akTuBHYyIO (Gopmy. Ha
TIEPBOM CTaTUM a3l TUIHH ITOJIBEPraeTcs JISHCTBHIO
ypunuH-nTHAnHKAHA3E 2 (UCK?2), a nermurabun —
ne3okcurutuanakunasel (ACK), mocie gero oba
areHTa mnocienosarensHo QGochopunupyrorcs dep-
MeHTaMH HykJeo3unaMoHodocharkuHazor (NMPK)
n nykineosundocdarknnasoit (NDPK), mpeodpasys
A3alUTUIMH B S-a3aluTHANH-5"-Tpudocdar u aenu-
TaOuH — B 5-a3a-2’-1e30KkcutiuTiuH- 1-5’-rpudocdar
(puc. 2) [7]. locne Broporo stamna Gochopuinposa-
HUA S-a3aruTuaud audocdar moa IelcTBHeM puoo-
HykieotngHon penykrassl (RNR) mpeobpasyercs B
5-a3a-21e30KCUIIUTUINH TU(OoCar.

ABanuTUANH, SIBISSICH PUOOHYKIICO3UIOM, BKITHO-
YaeTCsl B MOCIE0BATEIbHOCTE cuHTe3upyeMoit PHK
u, B MeHbIeH crenenu, B JIHK, Torna kak nenuradus,
KaK aHaJIOT J1e30KCHPHUO03bl, BKIIOYAETCS TOJIBKO B
pactymue nenu JJHK. [Tocne BkIroueHUs B pacTyIIyto
uensb JIHK Hykieo3un KoBaja€HTHO CBSI3bIBAETCS C
DNMTs u Hapymaet cponctBo dhepmentos ¢ JIHK,
YTO MPUBOJUT K Aerpanaunu komruiekca JIHK-DNMTs
10 YOUKBUTHH-3aBUCUMOMY Ty TH ¥ B KOHEYHOM HTOTE
BEI3bIBaeT rubenp kiietku [§]. B orcyrcTBue dhepmen-
T0oB DNMTS nporcxoauT CHUKEHUE YPOBHS METHIIH-
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Puc. 2. MexaHu3ambl gencTBus 5-aszauutuanHa n geumutabuHa B KINeTke:

dochopunmpoBaHue asaunTuamHa n geumtadbuna cepmeHtamm UCK2 n dCK cooteeTcBeHHO (1); nocnegoBaTensHoe chochopunupo-

BaHuWe asaunTtuamHa n geumtabuHa epmeHtamm NMPK n NDPK c o6pasoBaHnem aktuBHow chopMbl npenapata (2), (3); obpasoBaHne
[eokcupnboHykneosnagHon dopmel azauntuauHa nog gerictevem RNR (4); BkntoyeHve akTBHON (hopMbl a3aumUTuanHa B pacTyLuyto
uenb PHK (5); aerpagauunsa PHK (6); BkntoveHne aktuBHou dopmbl geuntabuHa B pactywyto uenb OHK (7); gerpagaumsa komnnekca

OHK-DNMTno ybuksutmH-3aBucumomy nytu (8); penapauns OHK(9). NprmeyaHme: pucyHOK BbIMONIHEH aBTOpaMu

Fig. 2. Mechanisms of action of 5-azacytidine and decitabine in the cell:

Phosphorylation of azacitidine and decitabine by UCK2 and dCK enzymes respectively (1); Sequential phosphorylation of azacitidine
and decitabine by NMPK and NDPK enzymes to form the active form of the drug (2), (3); Formation of deoxyribonucleoside form of
azacitidine under the action of RNR (4); Incorporation of the active form of azacitidine into the growing RNA strand (5); RNA degradation
(6); Incorporation of the active form of decitabine into the growing DNA strand (7); Degradation of the DNA-DNMT complex via ubiquitin-
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dependent pathway (8); DNA repair. Note: created by the authors (9)
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poBanusl. B kieTke a3anuTHINH 1 JenuTaOuH, SBISISICh
aHaAJIOTaMH HYKIICO3UIOB, TIOIBEPTaIOTCS JEHCTBHIO
(hepMeHTa U THIMH-/IC3aMHHA3bI, UTPAOIICH BAKHYTO
POJIb B METa0OIU3ME U YTHIIU3AIUH TUPUMUTTHOBBIX
coeuHeHui [9].

Tak kaKk IepBOHAYATIHHO IUTOTOKCHYHOCTH COCIIH-
HEHHH B OTHOIIIEHUH OITyXOJIEBBIX KIIETOK OOBSICHSIIACH
UX criocoOHOCThIO Hapyarhk cuaTe3 JIHK 1 BbI3bIBaTH
ee TIOBPEXK/ICHHE, B KIIMHUYECKOH MPaKTHKE Mpernapa-
THI HICTIOJIE30BAJIH B BEICOKHX J103aX B KaY€CTBE aHTH-
metabonuToB [10]. B 2004 1. azarmutuans (Vidaza®,
Pharmion Corporation) 000peH jJis JICUCHHS Mallu-
€HTOB ¢ MUenonucIuiacTuueckuM cuaapomom (M/IC)
B KadecTBe runomeTuiaupytomiero arenra [ 11]. Takxe
a3aLUTHIIMH BKIOYeH HalnoHanbHOU KOMIUIEKCHOU
onkojornyeckoii cerpto (National Comprehensive
Cancer Network, NCCN) u HaruoHanbHbIM rema-
TOJIOTHYECKHM 00IecTBOM Poccuu B pekoMeH1aum
st repanu OMJI [12, 13]. B 2020 . nepopanbHbIi
azarmutuanH (Onureg®, Celgene Pty Ltd) omoOpen
JUTS TIOJIIEP>KUBAIOIel Tepanuu manueHtoB ¢ OMJI
B BO3pacTe 55 JEeT W craplie, HaXOIALIUXCsI B pe-
muccui [14]. B 2022 . FDA ono0puio npuMeHeHue
azanmuTHINHA B KoMOnHanuu ¢ uBocuaeHnoom (TIB-
SOVO®, Servier Pharmaceuticals LLC) anst panee
HE JIeYeHHBIX nanueHToB ¢ OMJI ¢ MyTHpOBaHHBIM
reHoM /DH?2 Bo3pacTHOU TpymIibl 75 JIET U cTaplie
WJIM TAIMEeHTOB C COMYTCTBYIOIINMHU 3a00JIeBaHUSs-
MU, TPEISTCTBYOUIMMU TPOBEJACHNI0 HHTCHCUBHOM
naayknuonHo xumuorepanuu (NCT03173248)
[15]. Taxxe B 2022 1. a3arutuauH (Vidaza®, Celgene
Corp.) pexomenmoBan FDA mis panee He JeUeHHBIX
MalUeHTOB ¢ IOBCHWJIBHBIM MHEJIOMOHOIIUTAPHBIM
neitkozom (NCT02447666) [16]. B 2006 1. neuuradbux
(Dacogen®, Eisai) onoopen FDA st nedenus namm-
enToB ¢ M/IC u, Tak ke KaK U a3alluTUIHUH, BOIIEI B
peKOMEHIAINH [ JJeueHus manueHnToB ¢ OMJI [17].
B 2020 . FDA oo0puiio repopajibHy 0 KOMOUHAIHEO
neuutabuna u nepasypuauna (INQOVI®, Astex
Pharmaceuticals) mns B3pocibix namuertoB ¢ MJIC
[18]. B HacTosmmee Bpemst B Poccun qoctymHo 7 mpe-
1apaToB, B COCTaB KOTOPBIX BXOIUT S-a3allUTHIINH: 6
IIperaparoB Jyis MOAKOXKHOTO BBeneHus (Baiina3a®,
Azanutuaua-Huka®, Azanutuaun-llpomomen®,
AzammutuanHe-TJI®, JHromuranna®, dapmazanut®)
u 1 npenapar B TabietupoBanHoi popme (OHyper®).
Bce mpenapartsr, 3a uckmtouenuem Baiinaza®, mnpu-
MEHSIIOTCS JJISL JICUCHUSI XPOHUYECKOTO MHEIOMO-
HomTapHoro Jyeriko3a (XMMJI) u M/IC. Baiinaza®
omoOpeHa IS Teparuy XPOHNIECKOTO MUEIIOHUTHOTO
neiiko3a (XMJI), OMJI u MJIC. Ha peiake npeactas-
JIeHO 3 mpernapara ¢ AeIUTAa0MHOM B KQ4eCTBE aKTUB-
Horo BemecTBa (/lakoren®, Jlenmuradbun Dnbdha®,
Jenmtana®), Bce oHM mokazansl Ipu MJIC.

B nacrosmiee Bpemst mpoBoauTCs Oosiee 25 KIMHU-
YECKUX UCTIBITAHUN a3allUTUINHA U IeUTa0uHa JUIs
tepanuu paznuuHbix 3HO. OcHOBHOE HampaBieHUe
KIMHUYECKUX HMCCIIEOBAHUN a3allUTHINHA U €T0
KOMOMHAIIMH HAXOUTCS B 001aCTH FeMaTOI0I MIeCKUX
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oHKO3a0oeBaHuil. boypiioe BHUMaHKE YAENseTCs
Tepanmuu reMo0IacTO30B y MaIueHToB crapmie 60
JIeT, @ TAaK)Ke y TAIMEeHTOB ¢ XPOHUYECKUMHU 3a00-
JICBAHUSIMU, HE MO3BOJISIONUMH MPUHUMATh WHTCH-
CHUBHYI XMMHOTEpanuio. Takke aKTUBHO BeJETCS
pa3paboTKa IMOXOIOB K TEPAITUH COIUIHBIX OITyX0JIei
¢ ucrnonk3oBanuem azanutuauaa (NCT02260440,
NCT00387465, NCT02009436, NCT00748553,
NCT03572387). [lokazaHo, 4TO HCIIOIB30BAHHE KOM-
OMHAIIMY a3aIUTHINHA COBMECTHO C BEHETOKJIAKCOM
W TPaHCIUTAaHTAI[EeH CTBOJIOBBIX KIIETOK MPHUBOIMIIO
K YBEJIMUYEHUIO 00MIeil BRDKUBAEMOCTH IMallMEHTOB
¢ OMJI crapmie 60 net [19]. V mauuentoB ¢ M/IC,
XMMJI u OMJI OblIO TPOAEMOHCTPUPOBAHO TO-
BEITIICHUE A(h(DEKTUBHOCTH TEpaNuU a3aIlldTHITHOM
MIPU COBMECTHOM pekuMe ¢ reBoHeancratoMm [20].
Jnis xoMOMHaNMK a3alUTUAMHA M dHA3uJeHu0a y
narueHToB ¢ OMJI (¢ myranuei /DH?2) 0b110 110-
Ka3aHO JBYKPAaTHOE YBEIIMYEHHE YacTOTHl OOIIEeTO
OTBETa, a TAaK)Ke YacTOTHI MOJHON pemuccuu [21].
KomOuHanus azanuruauaa u copadeHnda mokasaia
BBICOKYH0 3(D(DEKTUBHOCTH y MOXKHUIIBIX ITAIIUEHTOB C
panee He neueHHbIM OMJI (¢ myranmeit FLT3) [22].
Jlob6aBnenne genuTabuHa K pexkuMy XUMHOTEpaIi,
colleprKaIleMy PUTYKCUMa0, ITUCIUIATHH, TUTapabuH
U JEeKCaMeTa30H, MPOAEMOHCTPUPOBAIO dPPEKTHUB-
HOCTb y TIAIIMEHTOB ¢ MU (Qy3HON KPYTHOKIETOUHOM
B-xnerounoi mmMmdomoii mocie HedDPEKTHUBHOCTH
Teparuu BTopoil muHuu [23].

[TpuMeHeHue a3alUTUAMHA U JeUUTaOMHA pas-
pElIeHO B HEBBICOKUX J03aX, MO3BOJSIONUX KOH-
TPOJIMPOBATh MOOOYHBIE dP(DEKTHI, TaK KaK OHH
00J1a/1a10T BEICOKMM MPOQHIEM TOKCHIHOCTH U MOTYT
NPUBOJMTH K MHUENOCyIpeccun. Kpome Toro, faHHbIe
COeAMHEHHs 001aJal0T HEBBICOKOW CTaOMIIBHOCTBIO
B BOJHBIX PacTBOpax, a B YCIOBHUSAX in vivo TIOABEp-
TaloTCs META0OTUICCKON AeTpaJaliy IIPU TCHCTBUA
UUTUANHAC3aMUHa36! [24]. B cBsi3u ¢ 9TUM BeayTCA
AKTHBHBIM TIOMCK, pa3paboTKa M UCCIeI0BaHUE Pa3-
JIMYHBIX aHAJIOTOB a3allMTUANHA U JleluTabnHa.

3eOymapuH (upumMuarH-2-0H B-d-prdodyparosmm)
npeacTaBisieT co00i HYKICO3UIHBIA aHAJIOT LUTH-
JIHA, Y KOTOPOTO OTCYTCTBYET aMHUHOTPYyIa B 4-M
nonoxxenuu [25]. [lomuMo penpeccur aKTUBHOCTH
DNMTs, 3e0ynapus HHTHOHPYET (PEepMEHT IIUTHTHH-
JleaMHHA3y, 4TO ITO3BOJISIET eMy N30eKaTh AeTpaaalui
in vivo [26]. UccnenoBanus in vitro MoKasalld, 4TO
3e0ynapuH 00JaaeT UTOTOKCHYECKUM d(PPEKTOM,
COMPSDKEHHBIM ¢ nHTHONpoBanueM DNMT1, B oTHO-
HICHUH OMYXOJIEBBIX KJIETOK PA3IMYHBIX HO30JIOTHIA,
TaKUX KaK pak MOYEBOTO My3bIPsl, paK TOJICTON KUIIKH
1 PaK MMOPKEITyI0UHOH kene3bl. [Ipu 3Tom 3e0ynapun
MPaKTUYECKH HEe WHTUOHUPYET POCT HOPMAaJIbHBIX
¢hubpobIacToB yenoBeka. Takke Ha pa3TUIHBIX KITe-
TOYHBIX JIMHUSX OBUIO MOKa3aHO, YTO TPU JACHCTBHU
3e0ynapuHa HaOMIOAAeTCsl MOBBIIICHUE YPOBHS JKC-
MIPECCUU T'€HOB CYIIPECCOPOB omyxouel p21 u pl6 3a
CUeT CHI)KEHHS CTETIEHH METHITUPOBAHUS IIPOMOTOPOB
9TuX reHoB [27, 28]. Ha knetkax MCF7 u MDA-MB-
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231 in vitro OBUIO MOKA3aHO, YTO BBI3BAHHOE 3e0ya-
puHom uHTHONpOoBaHue OenkoB DNMT1, DNMT3A u
DNMT3B, a taxke 6exoB MBD2 1 MBD3 npuBoaut
K peakTHBaIMM dKCIpeccuu reHa ESR/, 9To MOXeT
MOBBICUTB YyBCTBUTEIBHOCTD KJIETOK K TOPMOHAIILHOM
MIPOTUBOOITYXOJIEBOW Teparnuu. Takxke 3e0yaapuH B
KOMOWHAITUH C ICTIUTA0MHOM 1 BOPUHOCTATOM TIPOSIB-
JIIET CHHEPTUYEeCKOe IPOTUBOOITYXO0JIEBOE ICHCTBHE U
PEaKTUBUPYET HKCIPECCHIO AMUTEHETHUECKH perpec-
CHUPOBAaHHBIX TEHOB CYITPECCOPOB OIMyXOJIeH B KIIeTKaX
PMXX MCF7, MDA-MB-231 u ki1eTkax paka MOU€BO-
ro my3bips 124 [29]. UccnenoBanue in vivo Ha MOAETH
netiko3a Melmeii L1210 mokasano, yto mo0OaBieHHe
3e0yJaaprHa K Tepaniy ASHUTa0MHOM BBI3bIBAET yBeE-
JIUYEHUE CO/IePIKaHus IenTabrHa B TUTa3Me KPOBH H,
Kak CJIe/ICTBHE, yBenndeHue 3(h(HeKTUBHOCTH TEPATUH
[30]. UccnenoBanus (hapMakoJMHAMUKH Ha MbIIIAX,
cobakax u 00e3bsiHaX MMOKa3aJIH HU3KYIO OMOIOCTYII-
HOCTb, OBICTPBIN MIEPUO]] TIOTYBBIBEACHHUS BEIIECTBA U
obparnmocTs nHTHONpOoBaHUsT DNMTSs 3¢0ymapuHoM.
Ony01MKOBaHHbIC IAHHBIE CBUCTEIILCTBYIOT 00 Orpa-
HUYEHHOM MOTeHLnale 3e0yIapruHa B KIMHHYECKUX
uccienoBanusx [31].

FdCyd (5-®T0p-2’-1e30KCHITUTHINH ) TPESICTABIIS-
eT co00¥t aHaJIoT IIUTH/INHA, Y KOTOPOTO aTOM BOAOPO-
na B nojioxkenuu C5 3amerneH Ha aroM ¢ropa. [locie
BerpauBanus B JIHK FdCyd koBaneHTHO cBsi3pIBaeTCS
¢ DNMTs u oka3siBaeT MHTHOMpYIOIIEE IeiCTBHE
Ha CTaJMU P-2JIMMHHUPOBAHUS PEaKIMH TepeHoca
METUJIbHOU I'PYyMIIbI U3-3a HU3KOW PEaKIIMOHHOH CIIO-
COOHOCTH, MOCKOJIBKY aToM (Topa sIBISIETCS TUIOXO
yxopsmieit rpynmnoit. FdCyd craGuiieH B BOTHBIX pac-
TBOpAax, a TAK)KE MEHee TOKCUYCH, YeM S5-a3aIuTHIIH
u 5-aza-2’-ne3okcunutuaud. OJHAKO B YCIOBHSIX in
vivo OH MeTaOO0IM3UpYeTCsl UUTUAMHIC3aMIUHA30M
B (apMaKoIIOTHYECKN aKTUBHBIE TOKCHYHBIE MeETa-
00NUTHI 5-GTOp-2'-Ne30KCUypUINH, S-PTOpypami
u 5-propypuanH, 9YTO MOXKET OBITH MPETSITCTBHEM
nuist npuMeHenns: FdCyd nckimounTensHO B KaUuecTBe
aeMetunupyromero areura [32]. Jng noBblnieHus
CTAOMIIBHOCTH COSAMHCHUS i Vivo OBLITO TIPEIIONKe-
HO HCTIOJIH30BaTh €T0 B KOMOWHAIIUN C HHTHOUTOPOM
LUTHAMHACaMHUHa3bl — TeTparuapoypuauHoM (THU).
Pesynprarel uccieaoBaHUN CBUIETENBCTBYIOT, UYTO
o0a coeanHeHNs CTaOMITBHEI B pacTBope [33], a mpu-
cyrcreue THU yBenmmuuBaet cogepxanne FdCyd B 4
paza u ouomocTynHocTh 10 24 % [34]. B HacTosiee
BpeMsI TPOXOAUT Psi KTMHU4Yeckux ucneitanuii FdCyd
B OTHOILIEHUH COJIMJHBIX OIyXoe, Takux kak PMIK,
HEMETTKOKJIETOUHBIH pak jerkoro 1 3HO roioBs! wim
men [35].

CP-4200 (5-azarmtuaun-5'-3maiaaT) BiseTcs mpo-
W3BOJHBIM 5-a3allUTHU/IMHA W AJIAHIUTHOBON KUCIIOTHI.
Hamuue sdupHoi Tpymsl 00ecrieunBaeT MOrIoNeHNe
COEAMHEHHMS I10 MYTH, HE 3aBHCHMOMY OT TPAaHCTIOPT-
HBIX CHCTEeM HykJieo3unoB [36]. M. Rius et al. [37]
MOKa3aHo in vitro, 4to TpancnoptHbie 6enku hCNTI,
hCNT3 whENT1 perynupyrot nomomieHne a3auTHIx-
Ha, B To Bpems Kak st CP-4200 naGmromaeTcst HU3Kas
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adUHHOCTD K JIaHHBIM Oenkam. JleMeTuupyronue
cBorictBa CP-4200 cpaBHMMBI CO CBOMCTBaMU a3allUTH-
muHa. CP-4200 uarndupyet aktuBHOCTE DNMT1, uTo
COMPOBOXK/IACTCSI KAK [IIO0ATbHBIM JEMETUIIUPOBAHUEM
JIHK Ha ypoBHE BCero reHoma, Tak U JeMETHINPOBa-
HUEM MIPOMOTOPOB T'€HOB CYIPECCOPOB OMYXOJEBOTO
pocra (mampumep, 1IMP-3, DAPK-1), 4T0 TIpUBOIUT
K YCTOWYHMBOHN aKTHUBAITMH UX dKcmpeccuu [36]. B Ha-
CTOSIIIIEEe BPEMsl MPOAOJDKAIOTCS JOKIMHUIECKUE UC-
CJIC/IOBAHUS areHTa.

NPEOC-DAC (2'-le3okcu-N4-(2-(4-aurpodennn)
3TOKCUKApPOOHIII)-5-a3alUTHINH) TIPEJCTABISET CO-
0ol 5-a3a-2’-IEOKCUIIUTUANH ¢ MOoau(dUKanuel mo-
noxxeHust N4 a3aluTHIMHOBOIO KoJibLia. B ycinoBusix
in vivo ipu neicTBuH epMeHTa KapOOKCUIICTEPA3HI
1 (CES1) npoucxoauT pacuieruieHue 3QUpHOil CBs3H
B Mosekyine NPEOC-DAC, 4To npuBOAUT K BBICBO-
ooxiennro aenutabuHa. OIHAKO WCCIIEOBaHUS in
vitro Ha xitetkax PMJ)X MCF7, paka MoueBOTO ITy3bIps
T24 u paka neuenn Hep G2 mpomeMOHCTpHUpPOBAIH,
yro NPEOC-DAC B 23 pa3za menee 3 pekTuBeH, uem
neruraduH [38]. Kpome Toro, kK HemocTarkaM JaHHOH
MOJIEKYITBI OTHOCSITCS TeaTOTOKCHYHOCTH M BO3BMOK-
HOCTb IIPUMEHEHHMSI TOJIBKO IIPU OIYXOJISIX C BHICOKOM
JKcrnpeccueit kapookcuinacrepas. MecnenoBanuit
npotusoomnyxoneBoit aktusHoctu NPEOC-DAC in
ViVo B IUTEpAType HE TPEACTABIICHO.

I'Bagenuradbun (SGI-110) mpeacrtasisieT coOoit
MOJIEKYIy 5-a3a-2'-1e30KCUIIUTUANHA, MOAH(DUITPO-
BaHHYIO JIC30KCUTYaHO3WHOM, KOTOPBIN 00eCIIeUnBacT
YCTOWYMBOCTh COCIMHEHMsS K JIEHCTBUIO (pepMeHTa
nutuauaae3aMmuaasel. SGI-110 uHIyIIpOBAT THIIO-
METHUJIMPOBAHUE TPOMOTOPOB TeHOB cemeiicTBa CTA
B KJIETOUHBIX JUHMX jJeiikoza HL60 u KGI1 [39]. B
JUTEpaType MPEICTaBICHBI Pe3yIbTaThl KIIMHUIECKAX
ucneITaHui TBamenuradbmHa (¢aser 1I-11I) B Tepa-
nuu Kak rematojorudeckux 3HO (NCT02348489,
NCT02907359, NCT02920008), Tak U COJUIHBIX
onyxosiedd (ISRCTN 16332228, NCT01896856,
NCT02901899, NCT01696032). I'Bagenntabuu
oOmamaeT OIM3KONM C NEIUTAOMHOM MPOTHBOOITYXO-
neBor 3pdekTUBHOCTHIO B oTHOIIeHUU MJIC, HO
meHee 3¢dexruser npu OMIL. [Ipu sTom HabMIO-
JlaTach CBSI3b MEXKY TEPaleBTHUYECKUM OTBETOM H
crenenpio aemetmnnposanns JIHK marmenTos [40].
KomOunanus reajgenurabuHa ¢ KapOOIIaTUHOM Yy
MalUeHTOK C PacIpOCTPAHCHHBIM PAaKOM SUYHUKA
MoKa3aya JBYKpaTHOE yBelndeHue 0eccOOBITHHHOM
BBDKHMBAaEMOCTH U YaCTOTY OOIIETO OTBETA 110 CpaBHE-
HUIO CO CTaHapTHOMN Tepanueii [41]. V manueHTox ¢
TUTATUHO-PE3UCTEHTHBIM PAaKOM STMYHUKA TI0KA3aTeb
KITMHUYECKOM MOJTb3bI KOMOMHAITUY TBaJICIIUTa0HHA C
nemOpoimsymadom cocrasui 31,4 % [42]. B orHOIIE-
HUU COJMTHBIX OITyXOJIel Jo0aBIeHUE TBAACIUTA0NHA
K KOMOMHAIIMYU [UCIUIATHHA C TeMIIUTA0MHOM TTPHBO-
JIAIIO K IPAKTUYECKHU JIByKPATHOMY YBEITHUCHUIO BbI-
JKUBAEMOCTH 0€3 MPOrpecCHpoOBaHUs OTHOCHUTEIHHO
KOHTPOJBHOU rpynmsl [43].
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Henykneosuonwvie uncuoumopor DNMTs
OTIMINTENBHOM 0COOCHHOCTBIO HEHYKIICO3H THBIX
COCAMHEHHUH SIBIISIETCS CIOCOOHOCTh B3aUMOJIEHCTBO-
BaTh C KaTATUTHIECCKUM TIeHTpoM pepmeHToB DNMTS
[44]. MexaHu3MBbI JCHCTBUS OOJIBIIUHCTBA COCIIU-
HEHMH M3y4eHBl HEJOCTAaTOYHO, OJHAKO OOIUM IS
JAHHBIX ar€HTOB ABJSIETCS. UX CHOCOOHOCTH CHUXKATh
YPOBEHb METUIMPOBAHUS [€HOB CYyIIPECCOPOB OITYXO-
JIel 1 peakTUBUPOBATH UX TPAHCKPUIIHIO (puc. 3).
RG108 (N-®Dranun-L-tpuntodan) — npon3BogHoe
Tpuntodana, 1elcTBUE KOTOPOTro OCHOBAHO HA MHAK-
tuBaruu hepmerta DNMT1 3a cueTt B3auMoAeHCTBHS
¢ akTUBHBIM IIeHTpoM (epmenTa. RG108 sBusercs
MEPBBIM TAPIreTHBIM HEHYKJICO3HTHBIM HHI'HOUTOPOM
DNMTs [45]. Ha ki1eTo4HOM TMHUN paKa SHAOMETPHS
Ishikawa in vitro mokazano, uto RG108 uaTHONpYET
aktuBHOCTF DNMT3B. Ipu netictrmn RG108 mpownc-
XOJIUT JIeMETHIINpoBaHue mpomoropa rena MLH1 [46].
B uccnenoBanuu in vivo Ha xcenorpaTHOH Mozenu
paka nuieBona Eca-109 nponeMOHCTpUPOBAaHO, UTO
RG-108 crmoco6cTByET MOBBITIICHUIO TYBCTBUTEIHEHO-
CTH KJIETOK paKa MHIIEBOAA K paAHOTEpaIni, KOTOpoe
CONPOBOXKAAETCA TI00aIbHBIM U3MEHEHUEM DKC-
MPECCUU TE€HOB PA3JIMYHBIX CUTHAJBHBIX MyTeH [45].
Kpome Toro, Ha Me3eHXMMaJIbHBIX CTBOJIOBBIX KJICTKaX
M3 KOCTHOI'0 MO3ra CBHHBH ITOKa3aHo, uTo RG108
CIOCOOCH PeaKTUBUPOBATH IKCIPECCUIO TEHOB TLTIO-
punoreHTHOCTH NANOG n POUSFI. KnuHnueckue
ucnbiTanuss RG108 moka He 3aperucTpupoBaHbl.
[IpokanH U MpOKaUHAMUJL MPEJCTABISIOT COOOM
MIPOU3BOIHBIE 4-aMUHOOEH30MHOM KHCIOTHI, KOTOPhIE
onobpensl FDA aiist npuMeHeHus! B KaueCTBE aHeCTe-
THKA M aHTHAPUTMUYECKOTO Iperapara COOTBETCTBEH-
HO. JlaHHBIE cOeMHEHNsI WHTHONPYIOT aKTHBHOCTH
meTuarpanchepasst DNMTI1 3a cyer cHHKEHUS
cpoactsa hepmenta kak Kk JIHK, tak u x S-anenosui-

1-metnonnny (AdoMet) [47, 48]. VccrenoBanus in
Vitro IEMOHCTPUPYIOT, UYTO IPOKAWH U TPOKAMHAMHU/T
BBI3BIBAIOT CHIKEHUE ypoBHA MeTunupoBanus JJHK
[49], mpu 3TOM OTMEUaeTcs CIOCOOHOCTh MPOKaMHA
OKa3bIBATh JIEMETHIINPYIOIIEE ACHCTBHE 32 CUET ero
HETOCPe/ICTBEHHOTO CBs3bIBaHus ¢ CpG-0CTpOBKaMH
[48]. Ha knetkax paxka xemynaka SGC-7901 mokazaHo,
YTO MPOKAWH WHTUOMPYET aKTUBHOCThH (PEpMEHTOB
DNMT3A u DNMT1, so e DNMT3B, ne Baussa Ha
skcnpeccuto 6enkoB DNMTs [50]. B kimerkax mpo-
MUEJIOIUTAPHOTO Jeiiko3a NB4 mon neiictBuem mpo-
KauHa MPOUCXOAUI0 cHIkeHue konnuectBa MPHK
reaoB DNMTI1, DNMT3A, DNMT3B. Iloxa3ano, 94To
MIPOKAWH U TIPOKAWHAMHUT 00JIaTA0T TIPOTHBOOITYXO-
JIEBOM aKTUBHOCTBIO i Vitro B OTHOLIEHUU KIIETOK
KoJIOpeKTalbHOro paka, PMIK, paka xemynka, paka
JIETKOTO U MPOMUENIOUUTAPHOTO Jieiko3a [49-51].
IIpu >TOM TIpOMCXOMUT peakTuBaIus reaa RARS2 B
kierkax PMJ)X MCF7, rena GSTP1 B xnetkax PITK
PC3, renoB pl6INK4a, HAI-2/PB, 14-3-3-sigma n
rena WIF-1 B kneTkax paka jierkux A549 [52]. Onnako
JTAaHHBIE TIperapaThl UMEIOT psn HemocTaTkoB. [Ipo-
KauH OBICTPO TUAPOIU3YETCs B IUIa3Me Hecrneuupu-
YECKUMU TICEBIOXOJMHACTEpa3aMu. Y TAlUEHTOB
C HapyuieHueM (YHKIHHA TTOYeK WM XPOHUUYECKOU
CepaeYHON HEI0CTAaTOYHOCTHIO0 META0OINTHI TPOKAH-
Ha OBICTPO HAKATUIMBAIOTCS B KPOBHU JO TOKCHYHBIX
KOHILeHTpauui. [IpokanHaMuj, B CBOXO o4epenb, IpU
JUTUTEITBHOM TIpreMe (0osiee 6 Mec) MOXKET IPUBECTH
K 3200JIeBaHIIO KPACHOM CHCTEMHOW BOTYaHKOH [53].
B nacrosmee BpeMsi BeleTcs aKTUBHAs pa3paboT-
Ka MPOU3BOJHBIX MPOKAWHA JJISI SMUTECHETUYECKOM
MIPOTUBOOIYXO0JIEBOH Tepanuu [54].

Hanomuma A u MutpamMuine A — aHTHOMOTHKH,
BBIJICJICHHBIE U3 aKTHHOOAKTEPHiA pofia Streptomyces.
Hanomumua A HCIONB3yeTCsl B KQ4E€CTBE MPOTHUBO-

NH, NH;
N)\N NI NN E\N
lkN 0 N7 Y0 N’go
o OH % 2 OH
HO HO HO
OH OH OH
AsaumTtnauH / DeunTtabuH / 3ebynapuH /
Azacitidine Decitabine Zebularine
o
| 4+
ZN
o?
NH, NH,
o
NN 0 NN
N W LK
N~ 0o )\ NE 0
OH NTN
3 LA 3
0O T HO
OH g OH o}
e HO - o
CP-4200 NPEOC-DAC

MBapeuunTabuH /
Guadecitabine

NH,

F. NN

| NAO

OH
Fd-Cyd

o
N
" (L
N-SNZ NH, Puc. 3. Xumnyeckue chopmyrnsl coegnHeHnmn
OH OH U3 rpynmnbl HEHYKNEO3UAHbIX UHIMOUTOPOB

DNMTs. NprmeyaHme: pucyHOK BbIMONHEH
oH aBTOpamMu
Fig. 3. Chemical formulae of compounds
from the group of non-nucleoside inhibitors
of DNMTs. Note: created by the authors
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rpuOKOBOTO TIpenapara B BETEPHUHAPHOH MpaKTHKE,
a MHUTPAMHUIIUH A SBIISIETCS MPOTHBOOIYXOJIEBBIM
AHTHOMOTUKOM, KOTOPBIA paHee MPUMEHSIIH Ui
Tepanuu Heckonbkux THroB 3HO, Bkmouas XMJI,
OMUI, pak simuka [55, 56]. HanoMuuiua A cenekTuB-
Ho uHrHOMpyeT DNMT3B myrtem B3ammozmeicTBus
C KaTaJUTHYECKUM IIEHTPOM (pepMeHTa, 9TO TPHUBO-
JIUT K CHUYKEHUIO YPOBHSI METHJIMPOBAHUS B KIIETKAX
paka nerkux A549, xonopekransHoro paka HCT116
u neriko3a HL60. Taxxke B kieTkax paka jerkux A549
HaOmonanack peakcnpeccus reHa RASSF1 [57]. B o
JKe BpeMsl HAHOMUITMH BBI3BIBAJI aKTHBAIIUIO OHKOTe-
HoB HMOXI, NQOI, AKRICI, AKRIC2, GCLM n
PPT2 B xnerkax Helipodmacrombl BE(2)-c u CHP134
[58]. Mutpamurina A cBszeiBaercs ¢ CG-0orateiMu
MTOCIIeTOBATEIBHOCTSMHU, YTO IPUBOUT K CTEPUIECKO-
My uHrHOMpoBanuio MetunupoBanus JJHK, a taxxe
K HapyIIEHUIO B3aUMO/IEHCTBHS TPAHCKPUIIIIMOHHBIX
(bakropos ¢ JIHK. C momornipro MONEKyIsIpHOTO J10-
KHHTa Tak)Ke MOKa3aHa CIIOCOOHOCTh aHTHOMOTHKA
B3aMMOJIEHCTBOBATh C KAaTAJIUTHYECKUM IIEHTPOM
DNMTs. Hccnenosanus in vitro NpogeMOHCTPHU-
pOBaliK, YTO O[] JACHCTBUEM MHUTpAIMHUIIMHA A B
KIIeTKax paka Jerkux CL1-5 mponcxomuT peakTHBAINS
SMUTEHETHYECKH PEeTPECCUPOBAHHBIX T€HOB SLIT2 1
TIMP-3 [59]. 13-3a TOKCUYHOCTU MPUMEHEHUE MU-
TpaMHIIMHA OTPAHWYECHO, OJHAKO BENETCS aKTHBHA
pa3paboTKa ero nmpou3BOAHBIX.

I'mppanaszun (1(2H)-¢ranazuHoHTHIPa30H) — Ba-
30[TUIIATAPYIOIIEe TUTIOTEH3UBHOE CPEACTBO, UCTIOINb-
3yeMoe JJIS JISYCHUS] apTepruaIbHON TUMIEPTECH3UH U
cepaeunoit Hegocratounoctu [60]. Ha kmetkax PIDK
Du-145 u PC3 6b1110 oKa3aHo, 4TO THpaIa3iH CHIXKa-
et akcnpeccuto reHoB DNMT1, DNMT34 w DNMT3B, a
Takke ypoBeHb pepmernra DNMT1 [61]. Hanbonee Be-
POSITHBIM MEXaHU3MOM JIEHCTBHSA TH/pasIa3uHA SBIISET-
cs ero mpsimoe B3anmozeiictaue ¢ pepmenrom DNMT1
[62]. dns ruapana3vHa nokazaH NpOTUBOOIYXOJIEBbII
2 deKT Ha Pa3IUIHBIX KIETOUHBIX Moaemsx [61, 63].
3aperucTpupoBaHO HECKOJIBKO KIMHUYECKUX HCClIe-
noBanuii (asst [-111) s pexTuBHOCTH rHapana3uHa B
komOuHanuu ¢ uaruouropom HDAC Banbripoarom jiist
teparmuu XMJI, koxHO#! T-KI1eToIHOH TUM(OMBI 1 CO-
munabIX omyxoier (NCT0096060, TPVGH 97-07-07).
KomOuHanms mokasana HeraTHUBHbIE PE3YNIbTATHI IS
MAIMEHTOB C COJIMAHBIMU OMYXOJISIMH, TIPH 3TOM JJIst
nareHToB ¢ XMJI u koxxno# T-kneTouno mumdpomoit
MenaHa BBKHBAEMOCTH 0€3 MPOTrpecCrpoBaHus 3a00-
neBaHust coctaBuiia 6onee 36 u 18 Mec COOTBETCTBEHHO
[64, 65].

PRIMA-1 u ero metunupoBanHas popma PRIMA-
1Mt (APR246, snpeHeTanornT) — HH3KOMOJICKYJISIPHbIC
COEITMHEHHS, BIMSIOIINE Ha KOHPOPMALMIO MyTaHTHO-
ro 6enka p53, 9TO MPUBOIUT K BOCCTAHOBIIEHHUIO €T0
CHO0COOHOCTH aKTHBHPOBATH SKCIPECCHIO PECITOHCUB-
HBIX TeHOB [66]. B 2014 r. mokazano, yto PRIMA-1
HHAYLHpYyeT rodansHoe nemermnupoBanue JHK u
YBEIMUUBAET CTEIICHb THpoKkcuMeTnpoBanmst JJTHK
B KJIETKaX paKa IMWTOBHIHOW KEJIe3bl C MyTaHTHBIM
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p53. Habmronaemsbie 3¢pexTsl 00yCcI0BIEHBI CHU-
skeHueM ypoBHsi MPHK renoB DNMT1, DNMT3A u
DNMT3B v oBBIIIIeHNEM 3KcTipeccnu TeHoB TETI n
TET? [67]. Kpome Toro, PRIMA-1 BbI3bIBaCT neme-
TUIMpOBaHNeE TeHa TP73 B KJIeTKaX MHOKECTBEHHOM
MuesoMsbl [68]. [Ipu 3TOM IaHHBIX O AEMETHIUPYIO-
mmx crnocobnoctTsix APR246 B nutepartype He pe/i-
craBneHo. [IpotuBoomyxonessie cBoiictBa PRIMA-1
u APR246 Obutd mpoaeMOHCTPUPOBAHBI in Vitro u
in vivo nnsa takux 3HO, kak oCTpbli MPOMUETOLH-
TapHBIN Jeiiko3, KpynHas B-kietounas numdoma,
MellaHoMa, MHOXKeCTBeHHass muenoma, PITDK, PMXK
u np. [69-71]. ®aza Il kTMHUYECKUX HCCIEAOBAHNMA
MPOJEMOHCTPUpOBaIa CHHEPTeTUUECKOE JIeHCTBHE
koMOmHanmu APR246 ¢ 5-azanutuauHOM Mpu Tepa-
rnu manueaToB ¢ OMJI u MJIC, gacrora o0miero ot-
BeTa coctaBuia 71 u 73 % cooTBeTcTBeHHO. B amperne
2019 r. FDA npenocraBuino APR-246 craryc Fast
Track u OrphanDrug nmst neuenust MZIC y B3pocibix
¢ myrtamueit TP53 [72].

SGI-1027 (N-(4-(2-aMuHO-0-METHIITTUPUMHUTTH-4-
WIaMUHO )(peH I )-4-(XMHOIUH-4-UITaAMHHO )OSH3aMHI 1 )
SIBJISIETCA TPENCTaBUTEIEM HOBOTO KJIacca HU3KO-
MOJIEKYIISIPHBIX UHTHOUTOPOB (hepmeHToB DNMTs
Ha ocHoBe junopuinuHa [73]. Mexanusm neicTBus
areHTa 3akKJIIouaeTcsd B KOHKYPEHIIMU C JOHOPOM
MEeTUJIBHON rpynnsl SAM 3a 10CTyn K CalTy CBs-
3pIBaHUs (pepmenTa. beio nmokazano, yro SGI-1027
criocoben marnOMpoBath DNMT1 B knetkax XMJI
[74]. Hecmotpst Ha To, uto SGI-1027 oKka3piBaeT Mu-
HUMAaJIbHBI TOKCHMYECKUH 3P (PEKT Ha OMyXOJeBbIE
KJIETKH, COCAMHEHHE MOXET CTaTh MEePCHEKTHBHBIM
KaH1IaTOM [UIsl HCIIOJIb30BaHNs B KOMOMHUPOBAaHHON
MIPOTHBOOITYXOJIEBOW TEPaAITHH.

Ksepuetun (3,3°,4°,5,7-neararunpoxcuduana-
HOH) — COEIMHEHNE PACTUTEIILHOTO TIPOUCXOKICHHUS
U3 kiacca (IaBOHOUIOB, COIEprKalleecss B pas-
JWYHBIX (PYKTax, OBOIAX, 3€JICHOM Yae M JIHCThIX
JICKapCTBEHHBIX pacTtenuii [75]. JlanHsbiii (hiaBoHOU]
UCIOJIb3YETCsl B KaY€CTBE aHTHOKCHJAHTHOTO U Te-
paIeBTUYECKOrO areHTa B aJlIeProjoruy, ypoJoruu
U T.A. [76]. B uccnenoBanum in vivo ¢ kcenorpad-
TaMHU OCTPOro MpoMuenonuTapHoro yeikosa HL-60
IIPU AEHCTBUU KBEPLIETHHA MTOKa3aHO 3HAYUTEIBHOE
cHkeHue skcrpeccnn 6enxkoB DNMT1 u DNMT3A
[77]. C moMoIIbr0 MOJIEKYIIIPHOTO JOKHHTA TIOKa3aHo,
YTO KBEPLETHH CIIOCOOEH CBSI3BIBATHCS C AKTUBHBIMHU
nenTpamu 0enrkoB DNMTs 1 ”HHrHOMpoBaTh UX aKTHB-
HOCTh. Takke MpoileMOHCTPUPOBAHO, YTO KBEPLIETHH
KOHKYPEHTHO CBSI3bIBa€TCsI ¢ MeTHATpaHpepazamu
EZH2 u G9a B mecTe B3aUMOAEHUCTBUSA OEIKOB C
DNMTs. Ha kiterkax paka meiiku marku HeLa T1 o-
Ka3aHO /10303aBUCUMOE CHIU)KEHHUE IKCIIPECCUH T€HOB
DNMTs nipu neiicTBUH KBEpIIETHHA, TaKkke HabIoma-
JI0Ch CHI)KEHHUE YPOBHS METHIMPOBAHUS IIPOMOTOPOB
TEHOB CYIIPeCcCcopoB omyxoseBoro pocta APC, CDHI,
CDHI3, DAPKI, FHIT, GSTP1, MGMT, MLH1,
PTEN, RARB, RASSF1, SOC51, TIMP3 u VHL [78],
TaKK€ B MCCIIEAOBAHUH [N Vifro Ha KIIETKaX OCTPOIo
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npomuenonurapHoro yeiikoza HL-60 uenoseka kBep-
LETHH TPOSIBIIT IEMETHIUPYFOIIni ekt B mpoMo-
topax reHoB BCL2L 11 v DAPK . Ilimaaupyercs daza
I KIMHUYECKOTO UCTIBITAHUS KBEPLETHHA B KAYECTBE
npenapara JIjs JICUeHUs NaIUeHTOB C II0CKOKIETOY-
Hoit kapimHOMoi (NCT03476330) u pakoM poTOBO#t
rotoctr (NCT05456022).

EGCG ((-)-anuramnnakaraxuH-3-ramiaT) — KaTe-
XHUH 3€JICHOTO Yas, o0nafaromnii MHOrooOpa3ueM
CBOWCTB, B TOM YHCJIE TPOTHBOOITYXOJIEBEIMH 1 aHTH-
KaHIeporeHHbIMH [ 79]. IIpoTuBoOITyX0meBbIii b ekt
COE€IMHEHMS OKa3aH B HUCCIIEIOBAHUAX in Vitro U in
vivo Ha monensix PMIK, paka nuieBona, paka Moye-
BOIO MY3BIPsl, HEMEIKOKJIETOUHOIO paKa JErKoro u
neiiko30B [80, 81]. Ha paznuuHbIx MOAeNsxX in vitro
mokazano, 9to npu neiicteun EGCG mpoucxomut
3HAYNUTEJIbHOE CHIKEeHHUE dKenpeccun reHoB DNMT 1,
DNMT34 v DNMT3B, conpoBOXa1aeM0Oe aKTUBaLIU-
€l TPaHCKPUIILUU T€HOB CYIIPECCOPOB oIyxouieid. B
kietkax PMOX MDA-MB-231 u MCF7 nabmonanach
peaktuBanus dxcnipeccun reHa SCUBE?2 [82], B kiieT-
Kax paka meiiku matku HelLa — renoB RARS, CDH1
u DAPK] [83], B kieTkax meiaaHoMbl A431 — reHoB
CDKNIA n CDKN2A4 [84], B knetkax OMJI U-937
—rena SOCS! [85], B xierkax PMX MCF7 — rena
IF116 [86]. Ha knerkax paka numeBona KYSE 150
nokazano, 4to EGCG cnocoGeH BbI3bIBaTh PEaKTH-
Baruto renoB MGMT, MLH1, WIF-1, TERT [87]. Ha
KJI€TOYHOW JIMHUU IJIOCKOKJIETOYHOW KaplMHOMBI
nonoctu pra CAL-27 B Xxoe aHanm3a METUIIOMA BhI-
sierieHo, uto EGCG BbI3BIBaeT auddepeHmaibHoe
MetwrpoBanue Oonee 700 TEHOB, OTHOCSAIIUXCS K
TaKUM TIporieccam, Kak KIETOYHBIN TPAHCIIOPT, Kile-
TOYHBIH UK, OKUCITUTEIIBHBIE TIPOIECCHI U allONTO3
[88]. B uccnenoBanuu in vitro Ha kieTkax PMIK
MCF7 nponemoHncTpupoBano, uto EGCG unayuupyer
skcnpeccuto reHa IF116, KOTOpblid acCOIMUPOBAH C
UHTEP(HEPOHOBBIM CUTHATMHIOM U 3allyCKOM BPOXK-
JIEHHOTO KJIETOYHOTO UMMYHHUTETA B OMYXOJEBBIX
kietkax [86]. Knunnueckux ucnsitanuii EGCG ans
tepanmun 3HO He 3aperucTpupoBaHO, OAHAKO €CTh
HECKOJIbKO MCCIIEZIOBAaHUI 3€JIEHOTO Yasi B KadecTBe
comyTcTBytoieit Tepanuu mpu PMXK u PIDK. YV narm-
enToB ¢ PIDK nokazano, yto EGCG cHuxaeT ypoBHH
(baxropa pocra renaroruroB (HGF) u pakxTopa pocta
sugorenus cocynoB (VEGF) [89].

Oduzernn (3,3',4',7-TeTparuipokcuiaBoH) — pac-
TUTEIbHBIN ()IABOHOW]| U3 TPYIIIbI MOTHPEHOIOB,
COZIEPKUTCA B OBOIIaX, GpyKTax u sironax. GuzeTnH
o0rajaeT MUPOKUM CIIEKTPOM AECWCTBUS, TIPOSBIIAL
MIPOTUBOAIIIEPTUUYECKYIO, TPOTUBOOIYXOJIEBYIO U
HeliponpoTekTopHyto akTuBHOCTE [90]. Ilokazana
CHOCOOHOCTH u3eTHHA c1ab0 nHrHOMpoBarh DNMT
Sssl B 6akTepusx E. colin DNMTI1 B kinetkax PMIK.
B uccnenoBanusx in vitro Ha KJIETKaX paka MojpKe-
mynounoit xene3sl PANC-1 u BxPC-3, a Ttakxe in
vivo ¢ KceHorpadTaMu 3THX K€ KICTOYHBIX JIMHUKN
MPOJIEMOHCTPUPOBAHO J0303aBUCHMOE CHIIKECHHE
KU3HECTIOCOOHOCTH KJIETOK NpHU AeHcTBUU (hH3eTH-

CUBUPCKIY OHKONOTMMYECKW XXYPHAT. 2024; 23(4): 125-140

Ha. [Ipu 3TOM 0OHapyKeHO, YTO (PU3ETHH BBHI3BIBACT
aKTUBAIIMIO ayTo(arny B KIETKaxX paka IoKeIy104-
HO¥ kene3sl [91]. duszeTnH criocoOeH CBI3BIBATHCS C
B-TyOynuHOM ¥ cTaOMIM3UPOBATh MUKPOTPYOOUKH C
Oonbied 3QPEKTUBHOCTHIO, YEM MaKIUTAKCEIl, YTO
Ob10 mokazano Ha kietkax PIDK PC-3 u Du-145.
Kpowme toro, nmpu neiictBun przeTrHa B KIIETKaX paka
suaHUKOB NCI/ADR-RES mpoucxoaur nojasiieHue
JKcIpeccuu P-riMkonpoTrenHa, rUunepakcpeccus
KOTOPOTO aCCOIMAPOBaHA C Pa3BUTHEM MHO)KECTBEH-
HOH JIeKapCTBEHHOH ycToiunBocTd [92]. JlaHHBIX O
KIIMHAYECKHUX HCIBITAHUSAX (DU3ETHHA B JUTEPAType
He Mpe/ICTaBICHO.

Kypxymun (nudepynonnmeran) — nonudeHOIb-
HOE COEJMHEHHNE C MTPOTHBOBOCTIAINTENBHBIM, aHTH-
OKCHJIAHTHBIM M TPOTHBOOITYXOJIEBBIM JIEHCTBUSIMHU.
MornexynspHasi akTUBHOCTb KYPKyMHHA BKJIIOYAET B
ce0si MHrUOMpPOBaHUE MPOTEACOM, HHTHOUPOBAHHE
TUPO3WHKHMHA3, & TAK)KE MHAKTUBAIIIO Pa3INYHBIX OH-
koreHoB [93]. KypkymuH OTOKHpYeT KaTaTHTHYC KA
caiit C1226 pepmernta DNMT1, uto 00yciioBIuBacT
ero runometuiupyouee aeiicteue [94]. Ha xknetkax
OMJI THP-1, Kasumi-1, MV4-11 u ML-1 noka3aHo,
YTO KYpPKYMHH BBI3bIBAET HHTHOMPOBAHHE IKCIIPECCUHT
DNMT1 kak na yposae MPHK, Tak n Ha ypoBHe Oernka.
IIpu 5TOM arent He BnuAn Ha 3kcnpeccuio DNMTI B
MOHOIUTaxX nepudeprueckord kKposu. [Ipu nefictBun
KypKyMHHA OTMEUEHO IEMETHIINPOBAaHUE TPOMOTOPA
reHa cympeccopa omyxoieit CDKN2B, o0ycnoBiu-
Barolee ero peskcmnpeccuro [95]. B To ke Bpems Ha
KJIETKaX MHOKECTBEHHOW MHUEIOMBI IPOAEMOHCTPH-
poBaHa CITOCOOHOCTh KypKYMHHA PETpPECcCHpPOBATh
TpaHCKpunuio oHkorena M7TOR TOCpencTBOM TH-
nepMeTUInpoBanus mpomoropa. [lono6usrit adpdexr
00BSICHSIETCSI TUIIEPAKTUBHOCTHIO epMeHTOB DN-
MT3A u DNMT3B, BbI3BaHHOI KypKyMHHOM [96].
Ha monenmn PMX in vitro BbISIBIIEHO, UTO KYpKYMHH
BBI3BIBAET JIEMETUIMPOBAHNUE MTPOMOTOpA U PEaKTHU-
Banuio skcrpeccun rena BRCAI [97]. Ha kierkax
konopekranbHoro paka HCT116, HT29 u RKO no-
Ka3aHo, 4To KypkymuH aemetuiaupyet JJHK Gomee
yeM B Thicsiue CpG-ntokycoB [98]. B HenaBHeM uccie-
JIOBaHUU Ha KJIeTKax KonopekranpHoro paka HCT116
MIPOIEMOHCTPHPOBAHO, YTO KYPKYMHUH B KOMOWHAITUH
¢ 5-a3aIUTHANHOM MOTYT OBITh 3(()EKTHBHON aTb-
TEPHATUBOW B TEPAIMU OIYXOJIEH, PE3UCTEHTHBIX K
nenutabuny [99]. B HacTosiee BpeMsi KypKyMHUH
IPOXOIUT KIMHUYECKHE MCIBITAHUS [UIsl Tepanuu
PMIX, KOJIOpEKTanbHOro paka, paka MOKeIya04-
Hoit sxene3pl U PIDK (NCT01490996). Jlo6aBnenne
KypKyMHHA K pexxumy xumuorepanun FOLFOX mpu
METacTaTUYEeCKOM KOJIOPEKTAIEHOM pake MPHUBENIO K
YBEJIIMYCHHIO 00Iel BEKMBaeMOCTH Ooliee ueM B 2
pa3a[100]. Y 6omsuex PMXK no6asienne KypKyMHHA
K TEparuy MaKIUTaKCeJIOM CIIOCOOCTBOBAIIO TTOBBI-
LIEHHUIO YacTOThI 00111ero orsera 10 50,7 % vs 33 %
B KOHTposbHOU rpynme [101].

Pecreparpo (3,5,4'-TpUrHAPOKCUCTHIILOCH) — TT0-
T(EHOI TPUPOIHOTO TPOUCXOXKICHU S, (PUTOAICKCHH,
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COZIEPKUTCA B KOPHSIX MOpO3HHUKa Oenoro Veratrum
grandiflorum O. Loes, a Takke B KOXKype (PyKTOB,
Kakao M opexax. PecBepaTpon mMeeT MIUPOKHI
CHEKTp OMOJIOTMYECKUX CBOWCTB, BKIOYAs aHTHU-
IIMKUPYIOIee, aHTHOKCHJAHTHOE, TPOTUBOBOCIIAIIHU-
TENbHOE, HEHPOIIPOTEKTOPHOE, ITPOTHBOOITYXO0JIEBOE
u anTuBOo3pacTHOoe neictue [102]. C momomisio
MOJIEKYJIAPHOTO JIOKMHTA ¥ CIIMHTHIIISIIIMOHHOTO Oec-
KOHTAKTHOTI'O aHaju3a MPOU3BOJHBIX pPecBEpaTpoia
MIOJTyYeHBI JIaHHBIE O B3aUMOJIEHCTBUU JIMTAHIOB C
KaTaTUTHYEeCKUMHU TeHTpaMu 0eakoB DNMT3A u
DNMT?3B, vo ne DNMT]1 [103]. B kmetkax PMIK
MCEF7 pecBepaTpoil BBI3BIBACT 3HAUUTEIBHOE CHHU-
xenne aktuBHocTH DNMTs u ypoBHeil akcnipeccun,
cBs3pIBaroIuX MeTHI-CpG 6enkoB MeCP2 u MBD2,
YTO KOPPEINPYET C MOHMKEHNEM KU3HECTIOCOOHOCTH
kieTok [104]. Pe3ynbpraTsl KIMHUYECKUX UCTIBITAHUN
pecBepaTpoia CBUAETENBCTBYIOT O €r0 HEBBICOKON
addexruBHOCTH TipH Tepanuu 3HO.

I'enucrenn (4',5,7-TpuruapokcunzodaaBon) — hu-
TOHYTPHEHT U3 KJlacca M30(IaBOHOB, SIBISETCS MPH-
POIHBIM (PUTOICTPOTEHOM, B OONBIIOM KOJIHYECTBE
COZIEpKUTCS B 0000BBIX, CeMeHaxX, (PPyKTax M OBOIIAX.
['enncrenn o0mMagaeT aHTUOKCUIAHTHBIMU, TIPOTUBO-
BOCHAJNUTEIbHBIMU M aHTHOAKTEPHAIbHBIMU CBOM-
CTBaMH, B YaCTHOCTH, €T0 IPUMEHSIOT [Tl O0JIETYCHUSI
CUMIITOMOB MEHOIIAy3bl, TPODUIAKTHKH CEPIEeIHO-
COCYIIMCTBIX 3a00JI€BaHMI, OCTEOIOPO3a, a TAKKE JUIs
CHMDKEHUS 3200JIeBa€MOCTH HEKOTOPBIMU BHAMH paKa
[105]. C moMOI11bE0 MOJIEKYISIPHOTO JJOKMHT A OKa3aHa
CIOCOOHOCTh TEHUCTENHA B3aMO/IEHCTBOBATH C KarTa-
natndeckuM nertpom pepmentoB DNMT1, DNMT3A
u DNMT3B. Ha xnerkax HeLa u MCF7 renuctenn
BBI3BIBAJl BPEMA3ABHUCHUMOE CHM)KEHUE DKCIPECCUU
DNMT1, DNMT3A u DNMT3B kak Ha ypoBHe MPHK,
Tak ¥ Ha ypoBHe Oernka [ 106]. [logaBienue sxcripeccuu
DNMT3A u DNMT3B 0bU10 poIeMOHCTPUPOBAHO
1 JUTs KOMOWHAIIMU TeHUCTENHA ¢ cynbdopadaHoM U
Oytuparom Hatpust Ha KieTkax PMOK MDA-MB-231 u
MCF7[107]. Taxxe Ha knetkax PMXK MCF7 u MDA -
MB-231 nokazaHo CHHW)XEHHE TI00AILHOTO YPOBHS
metuuposanust JIHK, B Tom ynciie B IpoMOTOPHBIX 00-
JIACTSIX TAKUX TEHOB CYIIPECCOPOB OITYyXOJIEBOTO POCTA,
kak ATM, APC, PTEN, SERPINBS5, BRCA1 108, 109].
Ha knetkax PITXK Du-145 u LNCaP nponemoncTpupo-
BaHO, YTO KOMOHMHAIIMS TEHUCTEHHA U (PUTOICTPOTEHA
Jai/[3enHa BiIMseT HA MPOQUIb METHIMPOBAHUS 58
reHoB, Bxirouass MADILI, TRAF7, KDM4B w hTERT.
Ha kcenorpadrax neitpodbnactombr SK-N-SH mo-
Ka3aHO, YTO MPHU AEUCTBUM T€HUCTEMHA MPOUCXOIAT
peakTUBanusd TPAHCKPUIILUKU I'€HOB CYNPECCOPOB
onyxoneil TP53 u CHDS u cHUXEHHUE 3KCIPECCUu
DNMT3B [110]. ®a3sr [-1] xTMHAYECKUX NCTIBITAHUI
renuctenHa g tepanuu PIDK, konopekranpHOro paka
1 Jp. TOKa3ajaK, YTO OH XOPOILIO NMEPEHOCUTCS U HE
MIPUBOJIUT K YBEJIMYCHHUIO YHCIIa TOOOYHBIX dPPEKTOB
[111]. OmHako A0 CUX TIOP HE OBLIO MOIYICHO BECOMBIX
JI0Ka3aTenbCeTB YO (PEeKTUBHOCTH FTEHUCTEHHA B TEPaITUH
3HO. B nacrosiiee BpeMst T€HUCTEUH HCCIEAYeTCs
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KaK 9acTh TUETHI ITAIINEHTOB C PAKOM ITOKEITyI0IHOI
JKeJe3bl U PAKOM MOYEBOTO IY3bIps ISl CHIKCHHS
no6ouHbIx 3¢ dexro xumuorepanuu (NCT02336087,
NCT01489813).

Nuruouropst TET

Pa3paboTka HHTHOUTOPOB METHUIITUTO3NHOBBIX
nuokcurenas TET mauanace B 2018 . ¢ Mmonekyn
Bobcat212 u Bobcat339 [112]. B uccnenoBanusx in
Vitro IpOIGMOHCTPHUPOBAHA UX CITOCOOHOCTH HHTHOU-
poBath runpokucmeruiaupoanue JJHK, uto onocpe-
nJoBaHo BozzeiicTBrueM Ha Oenku TETs [112]. Oguako
B 2022 r. omyOIMKOBaHO ONPOBEPKEHUE MEXaHU3Ma
nericteusa Bobcat339 B otHomenun TETs. Hccneno-
BarenamMu Bo aBe ¢ H. TpeTbsikoBOM ¢ MOMOIIIBIO
apammsa LC-ESI-MS mokasano, uto Bobcat339 06-
JaIaeT MUHUMAJIbHON MHTUOUPYIOIICH aKTUBHOCTHEO
B otHouieHuu TET1 u TET2 uenoBeka. OcHOBHOI
MPUYHHON JIOKHOIIOJIOKHUTEIBHOTO pe3yiabTara 1o
UHruOUpoBaHuio (HepMEHTOB ObUIO HAIWYHE B pac-
TBOpe nouoB meau (I1), a He aKTUBHOCTH COENUHEHUS
[113]. B 2020 r. c momo11bt0 BUPTYyaIbHOTO CKPUHHH-
ra yurannoB (Lvspipe) n OMOTMOTEKN cOennHEHUI
Hammonaneroro mHCTHTYTa paka (National Cancer
Institute, NCI) BoisiBiien nepsbiit uaruoutop TET —
HU3KOMOJIEKyJIsipHOE coequHenue C35, koTopoe crel-
U(UIECKU OJIOKUPYET KaTaJTUTHYECKYI0 aKTHBHOCTD
METHJIIIUTO3NHOBBIX JTHOKCHTEHA3. MOIeKyasipHOe
MOJZIETTUPOBAHUE MTOKa3ao0, uTo C35 MOXKET 4aCTUIHO
3aHuUMarh cait cesa3biBanust JJHK c cybcTparom u 6110-
KUpOBaTh KatanuTuueckui uentp TET2, orrankuas
Fe (II), ato B pe3ynapTare MPUBOIUT K HUCTOMICHUIO
metku 5-hmC [114]. TETi76 cuaTe3npoBan Ha OCHOBE
kapkaca 2HG B aKG-cBsi3piBaromemM caiTe kKaTaiu-
tuyeckoro njomeHa TET2. IToka3ano, 4To 2-MeTHI- U
4-4-runpoxcunponsBogaHoe aKG B cocraBe TETi76
MMEIOT pelIaromiee 3Ha9eHne TSl OAIep/KaHus NH-
ruOupyollei akTuBHOCTH. B nccnenoBanum in vitro
nokazaHo, yto TETi76 nunaynupyer anontoTHYecKyIo
ruOeNh KIIETOK JIEHKO3a BpeMsi- M JI0303aBHCHMBIM
obpazom. Takxke in vivo IPOAEMOHCTPUPOBAHO, UTO
TETi76 3HauuTENbHO CHUXKACT POCT OMYyXOJEBBIX
KJIETOK KceHoTpaHcmiantaroB OMJI uenoBeka ¢ My-
taruent TET2 [115].

3akaouenue

370KaueCTBEHHBIE HOBOOOPA30BAHUS XapaKTePH-
3YIOTCSI ITI00ATEHOW MIEPECTPOHKOM MUTEHETHYECKOI
CUCTEMBI PETYISIIMA TpaHCKpHUnuuu. KirroueBbmM Me-
XaHU3MOM JIAHHOM CUCTEMBI SIBIISIETCS METUIIMPOBAHNE
JHK. Hapymenus B Mexanuzme metunuposanust JJHK
NPUBOST K U3MECHEHHIO XPOMAaTHHOBOTO JIaHAIIadTa
U, KaK CJIEeJCTBHE, I3MEHEHNIO TATTEPHA DKCIIPECCUH
TE€HOB, BOBJICUEHHBIX B KIIFOUEBHIE MPOIIECCH KJe-
TOYHOU perynauui. OCHOBHBIMU NpUYMHAMH adep-
panTtHOoro metunuposanus J{HK sBnstorcs nenenun,
MyTaluH WM HAPYIIEHNUE aKTUBHOCTH PETYIIATOPHBIX
tdhepmentoB DNMTs u TETs. [lns HEKOTOpBIX HO30-
soruit DNMTs u TETs B npuoOpeTeHnu OImyXoJbto
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arpeccUBHOTO (DEHOTHITA UTPAFOT 3HAYUTEIILHYIO POJIb,
YTO MOYKET OBITh UCTIONTF30BAHO B TIPOTHBOOITYXOJIEBOI
Teparuu.

B nacrosimee Bpems tepanus 3HO Ha ocHOBe
monyisitin MetunupoBanus JIHK Brirrogaer B ceOst
HCTIOJIH30BAHUE TOJILKO IBYX HYKJICO3HUTHBIX HHTHOH-
TopoB DNMTs — azaruruauna u neruraduna. Jlanabie
areHTbl P PeKTrBHO NpuMeHstoTcs B Tepanuu M/1C
u OMJI kak B Poccunm, Tak u 3a pyoeskom. OpHAKO
MIPU JUTUTEIIFHOM MpPUEMe MOXET Pa3BUBAThCS pe-
3WCTEHTHOCTH K 5-a3alUTHINHY U JEIUTaOWHY, 4TO
OCJIOXKHSET JaybHeiee jgedeHue. Mcrnonb3oBanue
uHrnoutopoB DNMTs U3 Apyrux XMMUYECKHUX KJlac-
COB, a TAaKXe CeNeKTHBHBIX HHTHONTOpoB TETS Morio
OBl CITOCOOCTBOBATH PEIICHUIO 2TOM TpoOIeMEl. J[py-
roil mMpoOJIeMOl MPH MCTIONB30BAHNHN AUTEHETHYe-
CKUX IIPETIapaToB SBSETCS UX BHICOKASI TOKCUYHOCTb.
Hecmotpst Ha TO, 4TO AemeTHiIMpyroLIee AeicTBHE
areHTOB He BHOCHUT 3HAYUMBIX U3MEHEHHH Ha ypOBHE
reHoma, a yposenb metunuponanusi JJHK Boccranas-
JINBACTCS 10 UCXOAHBIX 3HAYCHHUH yKe uepe3 14 qaeit
IOCJIC OKOHYAHHUS ITPHEeMa IPernaparoB, MpoQuiib TOK-
CHUYHOCTH a3alUTUANHA U IEUTA0MHA COOTBETCTBYET
JIpYyTAM aHaJIoraM HYKJIEO3WIOB M aJKHINPYIOIIHM
arerram, B3aumopeicTeyomum ¢ JJTHK. O9to akrya-
JIN3UPYET MOUCK HOBBIX 3(PPEKTUBHBIX COCTUHCHHUI-
JIEMETHIISITOPOB C MEHBIIEH TOKCHYHOCTBIO.

Panee omHO U3 IIaBHBIX MTPOOJIEM SITUTCHETHYC-
CKO#l Tepanuu Obuia HU3Kask 3QHEKTUBHOCTD dIIHIE-
HETUYECKUX MOIYISTOPOB B OTHOIICHHH COJIHIHBIX
omyxoneil. [Ipy nHANBUAYaTEHOM NECTBUM HHTOM-
Topbl DNMTS J1elicTBUTEIHHO MPOSIBIIIOT OTpaHUYEH-

JIMTEPATYPA/REFERENCES

1. Hanahan D. Hallmarks of Cancer: New Dimensions. Cancer Discov.
2022; 12(1): 31-46. doi: 10.1158/2159-8290.CD-21-1059.

2. Cheng Y., He C., Wang M., Ma X., Mo F, Yang S., Han J., Wei X.
Targeting epigenetic regulators for cancer therapy: mechanisms and ad-
vances in clinical trials. Signal Transduct Target Ther. 2019; 4: 62. doi:
10.1038/s41392-019-0095-0.

3. Maxcumosa B.Il., Ycarxa O.I., Makyco FO.B., Ilonosa B.I,
Tpanesnuxosa E.C., Xaiipuesa I'U., Cazumosa I'P., Kuokosa E.M.,
Ilpyc A.10., Axy6oseckaa M.I", Kupcanos K. . Hapymenne MeTHINPOBaHHS
JIHK nipu 3110KauecTBEHHBIX HOBOOOPA30BaHUSAX. YCIIEXH MOJIEKYIISIPHO#H
onkonoruu. 2022; 9(4): 24-40. [Maksimova V.P, Usalka O.G., Makus Yu.V.,
Popova V.G., Trapeznikova E.S., Khayrieva G.1I., Sagitova G.R., Zhidko-
va E.M., Prus A.Yu., Yakubovskaya M.G., Kirsanov K.I. Aberrations of
DNA methylation in cancer. Advances in Molecular Oncology. 2022; 9(4):
24-40. (in Russian)]. doi: 10.17650/2313-805X-2022-9-4-24-40.

4. Kohli R.M., Zhang Y. TET enzymes, TDG and the dynamics of
DNA demethylation. Nature. 2013; 502(7472): 472-9. doi: 10.1038/
nature12750.

5. Takeshima H., Niwa T., Yamashita S., Takamura-Enya T, lida N.,
Wakabayashi M., Nanjo S., Abe M., Sugivama T., Kim Y.J., Ushijima T.
TET repression and increased DNMT activity synergistically induce
aberrant DNA methylation. J Clin Invest. 2020; 130(10): 5370-9. doi:
10.1172/JC1124070.

6. LiuX.L., Liu HQ., LiJ., Mao C.Y., He J.T., Zhao X. Role of epige-
netic in leukemia: From mechanism to therapy. Chem Biol Interact. 2020;
317. doi: 10.1016/j.cbi.2020.108963.

7. Stresemann C., Lyko F. Modes of action of the DNA methyltrans-
ferase inhibitors azacytidine and decitabine. Int J Cancer. 2008; 123(1):
8-13. doi: 10.1002/ijc.23607.

8. Yang X., Lay F,, Han H., Jones P.A. Targeting DNA methylation
for epigenetic therapy. Trends Pharmacol Sci. 2010; 31(11): 536—46. doi:
10.1016/j.tips.2010.08.001.

9. Gu X., Tohme R., Tomlinson B., Sakre N., Hasipek M., Durkin L.,
Schuerger C., Grabowski D., Zidan A.M., Radivoyevitch T., Hong C.,

CUBUPCKIY OHKONOTMMYECKW XXYPHAT. 2024; 23(4): 125-140

HYI0 3((EeKTUBHOCTD B KITHHUYECKUX UCCIIETIOBAHMSIX.
OnHako pa3HOOOpa3ue MOJICKYISIPHBIX A3PPEKTOB Jie-
METHIIMPYIOLINX ar€HTOB MO3BOJISET UCIIOIB30BATh UX
B KOMOMHAIMH C YK€ PUMEHSIEMbIMH IIpenapaTaMu
JUTSL TIOBBITIIEHUST (PPEKTUBHOCTH MTPOTHUBOOITYXOJIe-
BOH Tepanuu. Taxoi oaxo/1 NpUBEI K 3HAYUTEIIBHOMY
[IPOrpeccy B ATOM HallpaBJIEHUH. 3a TOCIETHHE 5 JIET
MOJTyY€H PSi/L OJIOKUTEIbHBIX PE3YJIbTaTOB KIMHUYE-
CKUX WUCHBITAHUN MPUMEHEHUS KaK HYKJICO3HMIHbIX,
TaK 1 HEHYKJICO3UAHBIX HHTHONTOpoB DNMTSs B KOM-
OMHUpPOBaHHOW Tepanuu. M3 rpynmbl HyKI€03uIHBIX
uHrHONTOpoB DNMTS K Hanbosee mepcrneKTHBHBIM
areHram sl KOMOMHHUPOBAHHON TEpalluu MOXXHO
OTHECTH JICIIUTA0HMH U TBaIeUTa0uH. [jis 9THX mpe-
MapaToB IO pe3yJbTaraM KIMHUYECKHX HCHBITaHUH
nokasasbl cieayrouue 3¢p(eKTUBHbIE COUCTAHUS:
JEIUTa0NH U PUTYKCUMa0 Uit Teparnuu quddy3Hoi
B-xpymHokiaeTOUHON NTUMQOMBI; TBaAeIMTa0UH U
WPUHOTEKaH I Teparuy KOJOPEKTAIbHOTO paka;
rBafeuTabuH 1 KapOOIUIaTUH [UIsl TEparnuu paka
SUYHUKOB. VI3 TPpyNIbl HEHYKJICO3UIHBIX UHIHOUTO-
poB DNMTs Han6op1ryto 3QPeKTHBHOCTD IMOKa3al
KypKyMuH: B KomOuHanuu ¢ auaueit FOLFOX s
Tepanuy KOJOPEKTAILHOTO paka U B KOMOMHALIUU C
nakurakcenom s reparn PMOK. [ToBeimenwue »¢-
(heKTHBHOCTH KOMOMHHUPOBAHHOM TEPAITHH OITYXOJICH
¢ abeppaHTHBIM ITUTEHETHIECKUM MPOQHIEM MOKET
OBITh JJOCTUTHYTO 3a CYET pa3pabOTKH MPOTOKOJIOB
MPEU3UOHHON MEIUIIMHBI HA OCHOBE BBICOKOTEX-
HOJIOTMYHBIX METOJOB aHaau3a Npoduis MyTauui u
skcnpeccuu pepmeaToB DNMTs u TETS B couetanuu
C COBPEMEHHBIMH KIIMHUYECKUMHU MTPOTOKOJIAMH.

Carraway H., Hamilton B., Sobecks R., Patel B., Jha B.K., Hsi E.D., Ma-
ciejewski J., Saunthararajah Y. Decitabine- and 5-azacytidine resistance
emerges from adaptive responses of the pyrimidine metabolism network.
Leukemia. 2021; 35(4): 1023-36. doi: 10.1038/s41375-020-1003-x.

10. Malik P, Cashen A.F. Decitabine in the treatment of acute myeloid
leukemia in elderly patients. Cancer Manag Res. 2014; 6: 53-61. doi:
10.2147/CMAR.S40600.

11. Kaminskas E., Farrell A.T., Wang Y.C., Sridhara R., Pazdur R.
FDA drug approval summary: azacitidine (5-azacytidine, Vidaza) for
injectable suspension. Oncologist. 2005; 10(3): 176-82. doi: 10.1634/
theoncologist.10-3-176.

12. Tallman M.S., Wang E.S., Altman J.K., Appelbaum F.R., Bhatt V.R.,
Bixby D., Coutre S.E., De Lima M., Fathi A.T., Fiorella M., Foran J.M.,
Hall A.C., Jacoby M., Lancet J., LeBlanc T.W., Mannis G., Marcucci G.,
Martin M.G., Mims A., O'Donnell M.R., Olin R., Peker D., Perl A.,
Pollyea D.A., Pratz K., Prebet T, Ravandi F., Shami P.J., Stone R.M.,
Strickland S.A., Wieduwilt M., Gregory K.M.; OCN; Hammond L., Ogba N.
Acute Myeloid Leukemia, Version 3.2019, NCCN Clinical Practice
Guidelines in Oncology. J Natl Compr Canc Netw. 2019; 17(6): 721-49.
doi: 10.6004/jncen.2019.0028.

13. Casuenxo B.I', Ilaposuunurosa E.H., Aghanacwves b.B., [ puyaes C.B.,
Cemoukun C.B., bonoapenxo C.H., Tpouyxas B.B., Coxonos A.H., Ky3b-
muna JI.A., Knacoea I'A., I'anonosa T.B., bapanosa O.10., Jlanun B.A.,
Koncmanmunosa T.C., Camotinosa O.C., Kanopcras T.C., [Llamoxun C.A.
KimHnueckne peKOMEHIAIMH [0 JUArHOCTHKE U JICYCHHIO OCTPBIX JIHM-
(hoOIaCTHBIX JEHKO30B B3POCIBIX. HannoHambHOE TeMaToIornuecKoe
o6ectBo. 2014. 65 c.

14. Wei A.H., Dohner H., Pocock C., Montesinos P, Afanasyev B.,
Dombret H., Ravandi F., Sayar H., Jang J.H., Porkka K., Selleslag D.,
Sandhu I, Turgut M., Giai V., Ofran Y, Kizil Cakar M., Botelho de Sousa A.,
Rybka J., Frairia C., Borin L., Beltrami G., Cermdk J., Ossenkoppele G.J.,
La Torre I, Skikne B., Kumar K., Dong Q., Beach C.L., Roboz G.J., for the
QUAZAR AML-001 Trial Investigatorsy. Oral Azacitidine Maintenance
Therapy for Acute Myeloid Leukemia in First Remission. N Engl ] Med.
2020; 383(26): 2526-37. doi: 10.1056/NEJMo0a2004444.

135



REVIEWS

15. Montesinos P, Recher C., Vives S., Zarzycka E., Wang J., Bertani G.,
Heuser M., Calado R.T., Schuh A.C., Yeh S.P., Daigle S.R., Hui J.,
Pandya S.S., Gianolio D.A., de Botton S., Déhner H. Ivosidenib and
Azacitidine in IDH1-Mutated Acute Myeloid Leukemia. N Engl J Med.
2022; 386(16): 1519-31. doi: 10.1056/NEJMoa2117344.

16. Niemeyer C.M., Flotho C., Lipka D.B., Stary J., Rossig C., Baru-
chel A., Klingebiel T., Micalizzi C., Michel G., Nysom K., Rives S.,
Schmugge Liner M., Zecca M., Schonung M., Baumann 1., Nollke P,
Benettaib B., Biserna N., Poon J., Simcock M., Patturajan M., Menezes D.,
Gaudy A., van den Heuvel-Eibrink M.M., Locatelli F. Response to upfront
azacitidine in juvenile myelomonocytic leukemia in the AZA-JMML-
001 trial. Blood Adv. 2021; 5(14): 2901-8. doi: 10.1182/bloodadvanc-
€s.2020004144.

17. Jabbour E., Issa J.P, Garcia-Manero G., Kantarjian H. Evolution
of decitabine development: accomplishments, ongoing investigations,
and future strategies. Cancer. 2008; 112(11): 2341-51. doi: 10.1002/
cncr.23463.

18. Briski R., Garcia-Manero G., Kantarjian H., Ravandi F. The history
of oral decitabine/cedazuridine and its potential role in acute myeloid leuke-
mia. Ther Adv Hematol. 2023; 14. doi: 10.1177/20406207231205429.

19. Pollyea D.A., Winters A., McMahon C., Schwartz M., Jordan C.T.,
Rabinovitch R., Abbott D., Smith C.A., Gutman J.A. Venetoclax and aza-
citidine followed by allogeneic transplant results in excellent outcomes
and may improve outcomes versus maintenance therapy among newly
diagnosed AML patients older than 60. Bone Marrow Transplant. 2022;
57(2): 160-6. doi: 10.1038/541409-021-01476-7.

20. Sekeres M.A., Watts J., Radinoff A., Sangerman M.A., Cerrano M.,
Lopez PF, Zeidner J.F., Campelo M.D., Graux C., Liesveld J., Selleslag D.,
Tzvetkov N., Fram R.J., Zhao D., Bell J., Friedlander S., Faller D.V,,
Ades L. Randomized phase 2 trial of pevonedistat plus azacitidine versus
azacitidine for higher-risk MDS/CMML or low-blast AML. Leukemia.
2021; 35(7): 2119-24. doi: 10.1038/s41375-021-01125-4. Erratum in:
Leukemia. 2021; 35(12): 3637. doi: 10.1038/s41375-021-01473-1.

21. DiNardo C.D., Schuh A.C., Stein E.M., Montesinos P, Wei A.H.,
de Botton S., Zeidan A.M., Fathi A.T, Kantarjian H.M., Bennett J.M.,
Frattini M.G., Martin-Regueira P, Lersch F., Gong J., Hasan M., Vyas P,
Dohner H. Enasidenib plus azacitidine versus azacitidine alone in patients
with newly diagnosed, mutant-IDH2 acute myeloid leukaemia (AG221-
AML-005): a single-arm, phase 1b and randomised, phase 2 trial. Lancet
Oncol. 2021; 22(11): 1597-608. doi: 10.1016/S1470-2045(21)00494-0.

22. Ohanian M., Garcia-Manero G., Levis M., Jabbour E., Daver N.,
Borthakur G., Kadia T, Pierce S., Burger J., Richie M.A., Patel K.,
Andreeff M., Estrov Z., Cortes J., Kantarjian H., Ravandi F. Sorafenib
Combined with 5-azacytidine in Older Patients with Untreated FLT3-1TD
Mutated Acute Myeloid Leukemia. Am J Hematol. 2018; 93(9): 1136-41.
doi: 10.1002/ajh.25198.

23. Hu J., Wang X., Chen F., Ding M., Dong M., Yang W., Yin M.,
Wu J., Zhang L., Fu X., Sun Z., Li L., Wang X., Li X., Guo S., Zhang D.,
Lu X., Leng Q., Zhang M., Zhu L., Zhang X., Chen Q. Combination of
Decitabine and a Modified Regimen of Cisplatin, Cytarabine and Dex-
amethasone: A Potential Salvage Regimen for Relapsed or Refractory
Diffuse Large B-Cell Lymphoma After Second-Line Treatment Failure.
Front Oncol. 2021; 11. doi: 10.3389/fonc.2021.687374.

24. Buocikova V., Tyciakova S., Pilalis E., Mastrokalou C., Urbanova M.,
Matuskova M., Demkova L., Medova V., Longhin E.M., Rundén-Pran E.,
Dusinska M., Rios-Mondragon I., Cimpan M.R., Gabelova A., Soltysova A.,
Smolkova B., Chatziioannou A. Decitabine-induced DNA methylation-
mediated transcriptomic reprogramming in human breast cancer cell
lines; the impact of DCK overexpression. Front Pharmacol. 2022; 13. doi:
10.3389/fphar.2022.991751.

25. Champion C., Guianvarc’h D., Sénamaud-Beaufort C., Jurkow-
ska R.Z., Jeltsch A., Ponger L., Arimondo P.B., Guieysse-Peugeot A.L.
Mechanistic insights on the inhibition of ¢c5 DNA methyltransferases by
zebularine. PLoS One. 2010; 5(8). doi: 10.1371/journal.pone.0012388.

26. Lu Y., Chan Y.T,, Tan H.Y.,, Li S., Wang N., Feng Y. Epigenetic
regulation in human cancer: the potential role of epi-drug in cancer therapy.
Mol Cancer. 2020; 19(1): 79. doi: 10.1186/s12943-020-01197-3.

27. Cheng J.C., Yoo C.B., Weisenberger D.J., Chuang J., Wozniak C.,
Liang G., Marquez V.E., Greer S., Orntoft T.F,, Thykjaer T., Jones P.A.
Preferential response of cancer cells to zebularine. Cancer Cell. 2004;
6(2): 151-8. doi: 10.1016/j.ccr.2004.06.023.

28. Takemura Y., Satoh M., Hatanaka K., Kubota S. Zebularine exerts
its antiproliferative activity through S phase delay and cell death in human
malignant mesothelioma cells. Biosci Biotechnol Biochem. 2018; 82(7):
1159-64. doi: 10.1080/09168451.2018.1459466.

29. Cheng J.C., Weisenberger D.J., Gonzales F.A., Liang G., Xu G.L.,
Hu Y.G., Marquez V.E., Jones P.A. Continuous zebularine treatment effec-
tively sustains demethylation in human bladder cancer cells. Mol Cell Biol.
2004; 24(3): 1270-8. doi: 10.1128/MCB.24.3.1270-1278.2004.

30. Lemaire M., Momparler L.F., Raynal N.J., Bernstein M.L., Mom-
parler R.L. Inhibition of cytidine deaminase by zebularine enhances the

136

antineoplastic action of 5-aza-2'-deoxycytidine. Cancer Chemother Phar-
macol. 2009; 63(3): 411-6. doi: 10.1007/300280-008-0750-6.

31. Fulkerson C.M., Dhawan D., Jones D.R., Marquez V.E., Jones PA.,
Wang Z., Wu Q., Klaunig J.E., Fourez L.M., Bonney PL., Knapp D.W.
Pharmacokinetics and toxicity of the novel oral demethylating agent
zebularine in laboratory and tumor bearing dogs. Vet Comp Oncol. 2017,
15(1): 226-36. doi: 10.1111/vco.12159.

32. Holleran J.L., Eiseman J.L., Parise R.A., KummarS., Beumer J.H.
LC-MS/MS assay for the quantitation of FdCyd and its metabolites FdUrd
and FU in human plasma. J Pharm Biomed Anal. 2016; 129: 359-66. doi:
10.1016/5.jpba.2016.07.027.

33. Guo D., Myrdal P.B., Karlage K.L., O’Connell S.P,, Wissinger T.J.,
Tabibi S.E., Yalkowsky S.H. Stability of 5-fluoro-2'-deoxycytidine and
tetrahydrouridine in combination. AAPS PharmSciTech. 2010; 11(1):
247-52. doi: 10.1208/s12249-010-9383-2.

34. Holleran J.L., Beumer J.H., McCormick D.L., Johnson W.D., New-
man E.M., Doroshow J.H., Kummar S., Covey J.M., Davis M., Eiseman J.L.
Oral and intravenous pharmacokinetics of 5-fluoro-2'-deoxycytidine and
THU in cynomolgus monkeys and humans. Cancer Chemother Pharmacol.
2015; 76(4): 803—11. doi: 10.1007/s00280-015-2857-x.

35. Coyne G.O.", Wang L., Zlott J., Juwara L., Covey J.M., Beumer J.H.,
Cristea M.C., Newman E.M., Koehler S., Nieva J.J., Garcia A.A., Gan-
dara D.R.,Miller B., Khin S., Miller S.B., Steinberg S.M., Rubinstein L.,
Parchment R.E., Kinders R.J., Piekarz R.L., Kummar S., Chen A.P,
Doroshow J.H. Intravenous 5-fluoro-2’-deoxycytidine administered with
tetrahydrouridine increases the proportion of pl6-expressing circulating
tumor cells in patients with advanced solid tumors. Cancer Chemother
Pharmacol. 2020; 85(5): 979-93. doi: 10.1007/s00280-020-04073-5.

36. Brueckner B., Rius M., Markelova M.R., Fichtner I., Hals PA.,
Sandvold M.L., Lyko F. Delivery of 5-azacytidine to human cancer cells by
elaidic acid esterification increases therapeutic drug efficacy. Mol Cancer
Ther. 2010; 9(5): 1256—64. doi: 10.1158/1535-7163.MCT-09-1202.

37. Rius M., Stresemann C., Keller D., Brom M., Schirrmacher E., Kep-
pler D., Lyko F. Human concentrative nucleoside transporter 1-mediated
uptake of 5-azacytidine enhances DNA demethylation. Mol Cancer Ther.
2009; 8(1): 225-31. doi: 10.1158/1535-7163.MCT-08-0743.

38. Byun H.M., Choi S.H., Laird PW., Trinh B., Siddiqui M.A., Mar-
quez V.E., Yang A.S. 2'-Deoxy-N4-[2-(4-nitrophenyl)ethoxycarbonyl]-5
-azacytidine: a novel inhibitor of DNA methyltransferase that requires
activation by human carboxylesterase 1. Cancer Lett. 2008; 266(2): 238-48.
doi: 10.1016/j.canlet.2008.02.069.

39. Srivastava P, Paluch B.E., Matsuzaki J., James S.R., Collamat-
Lai G., Karbach J., Nemeth M.J., Taverna P, Karpf A.R., Griffiths E.A.
Immunomodulatory action of SGI-110, a hypomethylating agent, in acute
myeloid leukemia cells and xenografts. Leuk Res. 2014; 38(11): 1332—41.
doi: 10.1016/j.1eukres.2014.09.001.

40. Garcia-Manero G., Roboz G., Walsh K., Kantarjian H., Ritchie E.,
Kropf P, O’Connell C., Tibes R., Lunin S., Rosenblat T., Yee K., Stock W,,
Griffiths E., Mace J., Podoltsev N., Berdeja J., Jabbour E., Issa J.J., Hao Y.,
Keer HN., Azab M., Savona M.R. Guadecitabine (SGI-110) in patients with
intermediate or high-risk myelodysplastic syndromes: phase 2 results from
a multicentre, open-label, randomised, phase 1/2 trial. Lancet Haematol.
2019; 6(6): 317-27. doi: 10.1016/S2352-3026(19)30029-8.

41. Oza A.M., Matulonis U.A., Secord A.A., Nemunaitis J., Roman L.D.,
Blagden S.P, Banerjee S., McGuire W.P, Ghamande S., Birrer M.J., Flem-
ing G.F., Markham M.J., Hirte H.-W., Provencher D.M., Basu B., Kriste-
leit R., Armstrong D.K., Schwartz B., Braly P., Hall G.D., Nephew K.P,
Jueliger S., Oganesian A., Naim S., Hao Y., Keer H., Azab M., Matei D. A
Randomized Phase II Trial of Epigenetic Priming with Guadecitabine and
Carboplatin in Platinum-resistant, Recurrent Ovarian Cancer. Clin Cancer
Res. 2020; 26(5): 1009-16. doi: 10.1158/1078-0432.CCR-19-1638.

42.Chen S., Xie P, Cowan M., Huang H., Cardenas H., Keathley R., Tan-
ner E.J., Fleming G.F., Moroney J.W., Pant A., Akasha A.M., Davuluri R.V.,
Kocherginsky M., Zhang B., Matei D. Epigenetic priming enhances anti-
tumor immunity in platinum-resistant ovarian cancer. J Clin Invest. 2022;
132(14). doi: 10.1172/JCI158800.

43.Crabb S.J., Danson S., Catto J.W.F,, Hussain S., Chan D., Dunkley D.,
Downs N., Marwood E., Day L., Saunders G., Light M., Whitehead A., Ellis D.,
Sarwar N., Enting D., Birtle A., Johnson B., Huddart R., Griffiths G.
Phase I Trial of DNA Methyltransferase Inhibitor Guadecitabine Com-
bined with Cisplatin and Gemcitabine for Solid Malignancies Including
Urothelial Carcinoma (SPIRE). Clin Cancer Res. 2021; 27(7): 1882-92.
doi: 10.1158/1078-0432.CCR-20-3946.

44. Brueckner B., Lyko F. DNA methyltransferase inhibitors: old and
new drugs for an epigenetic cancer therapy. Trends Pharmacol Sci. 2004;
25(11): 551-4. doi: 10.1016/j.tips.2004.09.004.

45. Ou Y., Zhang Q., Tang Y., Lu Z., Lu X., Zhou X., Liu C. DNA
methylation enzyme inhibitor RG108 suppresses the radioresistance of
esophageal cancer. Oncol Rep. 2018; 39(3): 993-1002. doi: 10.3892/
0r.2018.6210.

46. Yang L., Hou J., Cui X.-H., Suo L.N., Lv Y.W. RG108 induces the
apoptosis of endometrial cancer Ishikawa cell lines by inhibiting the expres-

SIBERIAN JOURNAL OF ONCOLOGY. 2024; 23(4): 125-140



OB30PbI

sion of DNMT3B and demethylation of HMLH]1. Eur Rev Med Pharmacol
Sci. 2017; 21(22): 5056—64. doi: 10.26355/eurrev_201711_13818.

47. Lee B.H., Yegnasubramanian S., Lin X., Nelson W.G. Procainamide
is a specific inhibitor of DNA methyltransferase 1. J Biol Chem. 2005;
280(49): 40749-56. doi: 10.1074/jbc.M505593200.

48. Villar-Garea A., Fraga M.F.,, Espada J., Esteller M. Procaine is a
DNA-demethylating agent with growth-inhibitory effects in human cancer
cells. Cancer Res. 2003; 63(16): 4984-9.

49. Sabit H., Samy M.B., Said O.A., El-Zawahri M.M. Procaine Induces
Epigenetic Changes in HCT116 Colon Cancer Cells. Genet Res Int. 2016.
doi: 10.1155/2016/8348450.

50.Li Y.C., Wang Y., Li D.D., Zhang Y., Zhao T.C., Li C.F. Procaine is a
specific DNA methylation inhibitor with anti-tumor effect for human gastric
cancer. J Cell Biochem. 2018; 119(2): 2440-9. doi: 10.1002/jcb.26407.

51. Ma X W, Li Y., Han X.C., Xin Q.Z. The effect of low dosage of
procaine on lung cancer cell proliferation. Eur Rev Med Pharmacol Sci.
2016; 20(22): 4791-5.

52. Gao Z., Xu Z., Hung M.S., Lin Y.C., Wang T., Gong M., Zhi X.,
Jablons D.M., You L. Procaine and procainamide inhibit the Wnt canonical
pathway by promoter demethylation of WIF-1 in lung cancer cells. Oncol
Rep. 2009; 22(6): 1479-84. doi: 10.3892/or_00000590.

53. Uetrecht J.P, Freeman R.W., Woosley R.L. The implications of
procainamide metabolism to its induction of lupus. Arthritis Rheum. 1981;
24(8): 994-1003. doi: 10.1002/art.1780240803.

54. Pasa S., Erdogan O., Cevik O. Design, synthesis and investigation
of procaine based new Pd complexes as DNA methyltransferase inhibitor
on gastric cancer cells. Inorg Chem Comm. 2021; 132. doi: 10.1016/j.
inoche.2021.108846.

55. Tanaka H., Marumo H., Nagai T., Okada M., Taniguchi K.
Nanaomycins, new antibiotics produced by a strain of Streptomyces. I11.
A new component, nanaomycin C, and biological activities of nanaomy-
cin derivatives. J Antibiot (Tokyo). 1975; 28(12): 925-30. doi: 10.7164/
antibiotics.28.925.

56. Kormanec J., Novakova R., Csolleiova D., Feckova L., Rezuchova B.,
Sevcikova B., Homerova D. The antitumor antibiotic mithramycin: new
advanced approaches in modification and production. Appl Microbiol Bio-
technol. 2020; 104(18): 7701-21. doi: 10.1007/500253-020-10782-x.

57. Kuck D., Caulfield T, Lyko F., Medina-Franco J.L. Nanaomycin
A selectively inhibits DNMT3B and reactivates silenced tumor suppressor
genes in human cancer cells. Mol Cancer Ther. 2010; 9(11): 3015-23. doi:
10.1158/1535-7163.MCT-10-0609.

58.LiuPY, SokolowskiN., Guo S.T, Siddiqi F., Atmadibrata B., Telfer T.J.,
Sun Y., Zhang L., Yu D., Mccarroll J., Liu B., Yang R.H., Guo X.Y.,
Tee A.E., Itoh K., Wang J., Kavallaris M., Haber M., Norris M.D., Che-
ung B.B., Byrne J.A., Ziegler D.S., Marshall G.M., Dinger M.E., Codd R.,
Zhang X.D., Liu T. The BET bromodomain inhibitor exerts the most potent
synergistic anticancer effects with quinone-containing compounds and
anti-microtubule drugs. Oncotarget. 2016; 7(48): 79217-32. doi: 10.18632/
oncotarget.12640.

59. Lin R.K., Hsu C.H., Wang Y.C. Mithramycin A inhibits DNA
methyltransferase and metastasis potential of lung cancer cells. Anticancer
Drugs. 2007; 18(10): 1157-64. doi: 10.1097/CAD.0b013e3282a215¢9.

60. Arce C., Segura-Pacheco B., Perez-Cardenas E., Taja-Chayeb L.,
Candelaria M., Duefinas-Gonzalez A. Hydralazine target: from blood
vessels to the epigenome. J Transl Med. 2006; 4: 10. doi: 10.1186/1479-
5876-4-10.

61. Graga I, Sousa E.J., Costa-Pinheiro P, Vieira F.Q., Torres-
Ferreira J., Martins M.G., Henrique R., Jeronimo C. Anti-neoplastic
properties of hydralazine in prostate cancer. Oncotarget. 2014; 5(15):
5950-64. doi: 10.18632/oncotarget.1909.

62. Singh N., Duenias-Gonzalez A., Lyko F., Medina-Franco J.L.
Molecular modeling and molecular dynamics studies of hydralazine with
human DNA methyltransferase 1. ChemMedChem. 2009; 4(5): 792-9.
doi: 10.1002/cmdc.200900017.

63. Kumanishi S., Yamanegi K., Nishiura H., Fujihara Y., Kobayashi K.,
Nakasho K., Futani H., Yoshiya S. Epigenetic modulators hydralazine and
sodium valproate act synergistically in VEGI-mediated anti-angiogenesis
and VEGF interference in human osteosarcoma and vascular endothelial
cells. Int J Oncol. 2019; 55(1): 167-78. doi: 10.3892/ij0.2019.4811.

64. Bauman J., Shaheen M., Verschraegen C.F., Belinsky S.A.,
Houman Fekrazad M., Lee F.C., Rabinowitz 1., Ravindranathan M.,
Jones D.V. Jr. A Phase I Protocol of Hydralazine and Valproic Acid in
Advanced, Previously Treated Solid Cancers. Transl Oncol. 2014; 7(3):
349-54. doi: 10.1016/j.tranon.2014.03.001.

65. Espinoza-Zamora J.R., Labardini-Méndez J., Sosa-Espinoza A.,
Lopez-Gonzilez C., Vieyra-Garcia M., Candelaria M., Lozano-Zavaleta V.,
Toledano-Cuevas D.V., Zapata-Canto N., Cervera E., Duerias-Gonzdlez A.
Efficacy of hydralazine and valproate in cutaneous T-cell lymphoma,
a phase II study. Expert Opin Investig Drugs. 2017; 26(4): 481-7. doi:
10.1080/13543784.2017.1291630. Erratum in: Expert Opin Investig Drugs.
2017; 26(4): 523. doi: 10.1080/13543784.2017.1306178.

CUBUPCKIY OHKONOTMMYECKW XXYPHAT. 2024; 23(4): 125-140

66. Maiti A., Daver N.G. Eprenetapopt in the Post-Transplant Setting:
Mechanisms and Future Directions. J Clin Oncol. 2022; 40(34): 3994-7.
doi: 10.1200/JC0.22.01505.

67. Qiang W., Jin T, Yang Q., Liu W., Liu S., Ji M., He N., Chen C.,
Shi B., Hou P. PRIMA-1 selectively induces global DNA demethylation
in p53 mutant-type thyroid cancer cells. J Biomed Nanotechnol. 2014;
10(7): 1249-58. doi: 10.1166/jbn.2014.1862.

68. Teoh P.J., Bi C., Sintosebastian C., Tay L.S., Fonseca R., Chng W.J.
PRIMA-1 targets the vulnerability of multiple myeloma of deregu-
lated protein homeostasis through the perturbation of ER stress via
p73 demethylation. Oncotarget. 2016; 7(38): 61806—19. doi: 10.18632/
oncotarget.11241.

69. Fujihara K. M., Zhang B.Z., Jackson T.D., Ogunkola M.O., Nijagal B.,
Milne J. V., Sallman D.A., Ang C.S., Nikolic I., Kearney C.J., Hogg S.J., Ca-
balag C.S., Sutton V.R., Watt S., Fujihara A.T,, Trapani J.A., Simpson K.J.,
Stojanovski D., Leimkiihler S., Haupt S., Phillips W.A., Clemons N.J.
Eprenetapopt triggers ferroptosis, inhibits NFS1 cysteine desulfurase,
and synergizes with serine and glycine dietary restriction. Sci Adv. 2022;
8(37). doi: 10.1126/sciadv.abm9427.

70. Amirtharaj F., Venkatesh G.H., Wojtas B., Nawafleh H.H., Mah-
mood A.S., Nizami Z.N., Khan M.S., Thiery J., Chouaib S. p53 reactivating
small molecule PRIMA-1IMET/APR-246 regulates genomic instabil-
ity in MDA-MB-231 cells. Oncol Rep. 2022; 47(4): 85. doi: 10.3892/
0r.2022.8296.

71. Fransson A., Glaessgen D., Alfredsson J., Wiman K.G., Bajalica-
Lagercrantz S., Mohell N. Strong synergy with APR-246 and DNA-
damaging drugs in primary cancer cells from patients with TP53 mutant
High-Grade Serous ovarian cancer. J Ovarian Res. 2016; 9(1): 27. doi:
10.1186/s13048-016-0239-6.

72. Sallman D.A., Dezern A.E., Steensma D., Sweet K.L., Cluzeau T,
Sekeres M., Garcia-Manero G., Roboz G.J., McLemore A.F., McGraw K.L.,
Puskas J., Zhang L., Bhagat C.K., Yao J., Ali N.A., Padron E., Tell R.,
Lancet J.E., Fenaux P, List A., Komrokji R.S. Phase 1b/2 Combination
Study of APR-246 and Azacitidine (AZA) in Patients with TP53 mutant
Myelodysplastic Syndromes (MDS) and Acute Myeloid Leukemia (AML).
Blood Adv. 2018; 132 (s1). doi: 10.1182/blood-2018-99-119990.

73. Sun N., Zhang J., Zhang C., Zhao B., Jiao A. DNMTs inhibitor
SGI-1027 induces apoptosis in Huh7 human hepatocellular carcinoma cells.
Oncol Lett. 2018; 16(5): 5799-806. doi: 10.3892/01.2018.9390.

74. Garcia-Dominguez P, Dell'aversana C., Alvarez R., Altucci L.,
de Lera A.R. Synthetic approaches to DNMT inhibitor SGI-1027 and ef-
fects on the U937 leukemia cell line. Bioorg Med Chem Lett. 2013; 23(6):
1631-5. doi: 10.1016/j.bmcl.2013.01.085.

75. Kelly G.S. Quercetin. Monograph. Altern Med Rev. 2011; 16(2):
172-94.

76. Bunvix O.B., Poibanvuenko B.K., Pomantox B.I1. buodnaBoHou
KBEPLETHH M MEPCIEKTHBBI €r0 MCIIOIb30BaHMS B MEHIMHE. 3arajibHa
narosnorus ta naronoriyna ¢izionoris. 2007; 2(1): 4-9. [Bilyk O.V,, Ry-
balchenko V.K., Romanyuk B.P. Bioflavonoid quercetin and the prospects
for its use in medicine. General pathology and pathological physiology.
2007; 2(1): 4-9. (in Russian)].

77. Alvarez M.C., Maso V., Torello C.O., Ferro K.P, Saad S.T.O. The
polyphenol quercetin induces cell death in leukemia by targeting epigenetic
regulators of pro-apoptotic genes. Clin Epigenetics. 2018; 10(1): 139. doi:
10.1186/513148-018-0563-3.

78. Kedhari Sundaram M., Hussain A., Haque S., Raina R., Afroze N.
Quercetin modifies 5°CpG promoter methylation and reactivates various
tumor suppressor genes by modulating epigenetic marks in human cervi-
cal cancer cells. J Cell Biochem. 2019; 120(10): 18357—-69. doi: 10.1002/
jcb.29147.

79. Almatroodi S.A., Almatroudi A., Khan A.A., Alhumaydhi FA.,
Alsahli M.A., Rahmani A.H. Potential Therapeutic Targets of Epigallocat-
echin Gallate (EGCG), the Most Abundant Catechin in Green Tea, and Its
Role in the Therapy of Various Types of Cancer. Molecules. 2020; 25(14):
3146. doi: 10.3390/molecules25143146.

80. Minnelli C., Cianfruglia L., Laudadio E., Mobbili G., Galeazzi R.,
Armeni T. Effect of Epigallocatechin-3-Gallate on EGFR Signaling and
Migration in Non-Small Cell Lung Cancer. Int J Mol Sci. 2021; 22(21).
doi: 10.3390/ijms222111833.

81. Della Via F1I., Shiraishi R.N., Santos I., Ferro K.P, Salazar-
Terreros M.J., Franchi Junior G.C., Rego E.M., Saad S.T.O., Torello C.O.
(-)-Epigallocatechin-3-gallate induces apoptosis and differentiation in
leukaemia by targeting reactive oxygen species and PIN1. Sci Rep. 2021;
11(1). doi: 10.1038/s41598-021-88478-z.

82. Sheng J., Shi W., Guo H., Long W., Wang Y., Qi J., Liu J., Xu Y.
The Inhibitory Effect of (-)-Epigallocatechin-3-Gallate on Breast Cancer
Progression via Reducing SCUBE2 Methylation and DNMT Activity.
Molecules. 2019; 24(16). doi: 10.3390/molecules24162899.

83. Khan M. A., Hussain A., Sundaram M.K., Alalami U., Gunasekera D.,
Ramesh L., Hamza A., Quraishi U. (-)-Epigallocatechin-3-gallate reverses
the expression of various tumor-suppressor genes by inhibiting DNA

137



REVIEWS

methyltransferases and histone deacetylases in human cervical cancer cells.
Oncol Rep. 2015; 33(4): 1976-84. doi: 10.3892/0r.2015.3802.

84. Nandakumar V., Vaid M., Katiyar S.K. (-)-Epigallocatechin-
3-gallate reactivates silenced tumor suppressor genes, Cipl/p21 and
pl16INK4a, by reducing DNA methylation and increasing histones acety-
lation in human skin cancer cells. Carcinogenesis. 2011; 32(4): 537-44.
doi: 10.1093/carcin/bgq285.

85. Alizadeh M., Nafari A., Safarzadeh A., Veiskarami S., Almasian M.,
Asghar Kiani A. The Impact of EGCG and RG108 on SOCS1 Promoter
DNA Methylation and Expression in U937 Leukemia Cells. Rep Biochem
Mol Biol. 2021; 10(3): 455-61. doi: 10.52547/rbmb.10.3.455.

86. Khan M 1., Nur S.M., Abdulaal W.H. A study on DNA methylation
modifying natural compounds identified EGCG for induction of IF116 gene
expression related to the innate immune response in cancer cells. Oncol
Lett. 2022; 24(1): 218. doi: 10.3892/01.2022.13339.

87. Fang M.Z., Wang Y., Ai N., Hou Z., Sun Y., Lu H., Welsh W.,
Yang C.S. Tea polyphenol (-)-epigallocatechin-3-gallate inhibits DNA
methyltransferase and reactivates methylation-silenced genes in cancer
cell lines. Cancer Res. 2003; 63(22): 7563-70.

88. Chen L.L., Han W.F.,, Geng Y., Su J.S. A genome-wide study of DNA
methylation modified by epigallocatechin-3-gallate in the CAL-27 cell line.
Mol Med Rep. 2015; 12(4): 5886—90. doi: 10.3892/mmr.2015.4118.

89. McLarty J., Bigelow R.L., Smith M., Elmajian D., Ankem M.,
Cardelli J.A. Tea polyphenols decrease serum levels of prostate-specific
antigen, hepatocyte growth factor, and vascular endothelial growth factor in
prostate cancer patients and inhibit production of hepatocyte growth factor
and vascular endothelial growth factor in vitro. Cancer Prev Res (Phila).
2009; 2(7): 673-82. doi: 10.1158/1940-6207.CAPR-08-0167.

90. Jazviniéak Jembrek M., Orsolié N., Mandié L., SadZak A., Segota S.
Anti-Oxidative, Anti-Inflammatory and Anti-Apoptotic Effects of Fla-
vonols: Targeting Nrf2, NF-kB and p53 Pathways in Neurodegeneration.
Antioxidants (Basel). 2021; 10(10). doi: 10.3390/antiox10101628.

91. Jia S., Xu X., Zhou S., Chen Y., Ding G., Cao L. Fisetin induces
autophagy in pancreatic cancer cells via endoplasmic reticulum stress- and
mitochondrial stress-dependent pathways. Cell Death Dis. 2019; 10(2). doi:
10.1038/s41419-019-1366-y. Erratum in: Cell Death Dis. 2024; 15(1). doi:
10.1038/s41419-023-06399-3.

92. Mukhtar E., Adhami V.M., Sechi M., Mukhtar H. Dietary fla-
vonoid fisetin binds to B-tubulin and disrupts microtubule dynamics in
prostate cancer cells. Cancer Lett. 2015; 367(2): 173-83. doi: 10.1016/j.
canlet.2015.07.030.

93. Hassan F.U., Rehman M.S., Khan M.S., Ali M.A., Javed A.,
Nawaz A., Yang C. Curcumin as an Alternative Epigenetic Modulator:
Mechanism of Action and Potential Effects. Front Genet. 2019; 10. doi:
10.3389/fgene.2019.00514.

94. Kupcanoe K. /1., Bracosa O.A., @emucos T.U., 3enxos P.I., Jle-
cosas E.A., benuyxuii I'A., I'yposa K., AIkybosckas M.I" Bnusiuue JJTHK-
TPOITHBIX AHTHKAHIEPOTCHHBIX COCAMHECHHII Ha MEXaHH3MBI PErYIISLUH
9KCIPECCUH TeHOB. Ycrexu MoseKynsipHoit onkonorun. 2018; 5(4): 41-63.
[Kirsanov K.1., Vlasova O.A., Fetisov T1., Zenkov R.G., Lesovaya E.A.,
Belitsky G.A., Gurova K., Yakubovskaya M.G. Influence of DNA-binding
compounds with cancer preventive activity on the mechanisms of gene ex-
pression regulation. Advances in Molecular Oncology. 2018; 5(4): 41-63.
(in Russian)]. doi: 10.17650/2313-805X-2018-5-4-41-63.

95. YuJ., Peng Y, Wu L.C., Xie Z., Deng Y., Hughes T., He S., Mo X.,
Chiu M., Wang Q.E., He X., Liu S., Grever M.R., Chan K.K., Liu Z. Cur-
cumin down-regulates DNA methyltransferase 1 and plays an anti-leukemic
role in acute myeloid leukemia. PLoS One. 2013; 8(2). doi: 10.1371/
journal.pone.0055934.

96. Chen J., Ying Y., Zhu H., Zhu T., Qu C., Jiang J., Fang B. Curcumin-
induced promoter hypermethylation of the mammalian target of rapamycin
gene in multiple myeloma cells. Oncol Lett. 2019; 17(1): 1108-14. doi:
10.3892/01.2018.9662.

97. Al-Yousef N., Shinwari Z., Al-Shahrani B., Al-Showimi M., Al-
Moghrabi N. Curcumin induces re-expression of BRCA1 and suppression
of' y synuclein by modulating DNA promoter methylation in breast cancer
cell lines. Oncol Rep. 2020; 43(3): 827-38. doi: 10.3892/0r.2020.7473.

98. Link A., Balaguer F., Shen Y., Lozano J.J., Leung H.C., Boland C.R.,
Goel 4. Curcumin modulates DNA methylation in colorectal cancer cells.
PLoS One. 2013; 8(2). doi: 10.1371/journal.pone.0057709.

99. Hosokawa M., Seiki R., Iwakawa S., Ogawara K.I. Combination
of azacytidine and curcumin is a potential alternative in decitabine-
resistant colorectal cancer cells with attenuated deoxycytidine kinase.
Biochem Biophys Res Commun. 2021; 578: 157-62. doi: 10.1016/j.
bbrc.2021.09.041.

100. Howells L.M., Iwuji C.0.0., Irving G.R.B., Barber S., Walter H.,
Sidat Z., Griffin-Teall N., Singh R., Foreman N., Patel S.R., Morgan B.,

138

Steward W.P, Gescher A., Thomas A.L., Brown K. Curcumin Combined
with FOLFOX Chemotherapy Is Safe and Tolerable in Patients with Meta-
static Colorectal Cancer in a Randomized Phase Ila Trial. J Nutr. 2019;
149(7): 1133-9. doi: 10.1093/jn/nxz029.

101. Saghatelyan T., Tananyan A., Janoyan N., Tadevosyan A., Pet-
rosyan H., Hovhannisyan A., Hayrapetyan L., Arustamyan M., Arnhold J.,
Rotmann A.R., Hovhannisyan A., Panossian A. Efficacy and safety of
curcumin in combination with paclitaxel in patients with advanced,
metastatic breast cancer: A comparative, randomized, double-blind,
placebo-controlled clinical trial. Phytomedicine. 2020; 70. doi: 10.1016/j.
phymed.2020.153218.

102. Rauf 4., Imran M., Suleria H.A.R., Ahmad B., Peters D.G., Muba-
rak M.S. A comprehensive review of the health perspectives of resveratrol.
Food Funct. 2017; 8(12): 4284-305. doi: 10.1039/c7fo01300k.

103. Aldawsari F.S., Aguayo-Ortiz R., Kapilashrami K., Yoo J.,
Luo M., Medina-Franco J.L., Velazquez-Martinez C.A. Resveratrol-
salicylate derivatives as selective DNMT3 inhibitors and anticancer
agents. J Enzyme Inhib Med Chem. 2016; 31(5): 695-703. doi:
10.3109/14756366.2015.1058256.

104. Izquierdo-Torres E., Herndndez-Oliveras A., Mgneses—Morales L,
Rodriguez G., Fuentes-Garcia G., Zarain-Herzberg A. Resveratrol up-
regulates ATP2A3 gene expression in breast cancer cell lines through
epigenetic mechanisms. Int J Biochem Cell Biol. 2019; 113: 37-47. doi:
10.1016/j.biocel.2019.05.020.

105. Sharifi-Rad J., Quispe C., Imran M., Rauf A., Nadeem M.,
Gondal T'A., Ahmad B., Atif M., Mubarak M.S., Sytar O., Zhilina O.M.,
Garsiya E.R., Smeriglio A., Trombetta D., Pons D.G., Martorell M., Car-
doso S.M., Razis A.F.A., Sunusi U., Kamal R.M., Rotariu L.S., Butnariu M.,
Docea A.0., Calina D. Genistein: An Integrative Overview of Its Mode of
Action, Pharmacological Properties, and Health Benefits. Oxid Med Cell
Longev. 2021. doi: 10.1155/2021/3268136.

106. Sundaram M K., Ansari M.Z., Al Mutery A., Ashraf M., Nasab R.,
Rai S., Rais N., Hussain A. Genistein Induces Alterations of Epigenetic
Modulatory Signatures in Human Cervical Cancer Cells. Anticancer
Agents Med Chem. 2018; 18(3): 412-21. doi: 10.2174/1871520617666
170918142114.

107. Sharma M., Tollefsbol T.O. Combinatorial epigenetic mechanisms
of sulforaphane, genistein and sodium butyrate in breast cancer inhibition.
Exp Cell Res. 2022; 416(1). doi: 10.1016/j.yexcr.2022.113160.

108. Xie Q., Bai Q., Zou L.Y., Zhang Q.Y., Zhou Y., Chang H., Yi L.,
Zhu J.D., Mi M.T. Genistein inhibits DNA methylation and increases ex-
pression of tumor suppressor genes in human breast cancer cells. Genes
Chromosomes Cancer. 2014; 53(5): 422-31. doi: 10.1002/gcc.22154.

109. Romagnolo D.F., Donovan M.G., Papoutsis A.J., Doetsch-
man T.C., Selmin O.I. Genistein Prevents BRCA1 CpG Methylation
and Proliferation in Human Breast Cancer Cells with Activated Aro-
matic Hydrocarbon Receptor. Curr Dev Nutr. 2017; 1(6). doi: 10.3945/
cdn.117.000562.

110. Li H., Xu W., Huang Y., Huang X., Xu L., Lv Z. Genistein demethy-
lates the promoter of CHDS and inhibits neuroblastoma growth in vivo. Int
J Mol Med. 2012; 30(5): 1081-6. doi: 10.3892/ijmm.2012.1118.

111. Pintova S., Dharmupari S., Moshier E., Zubizarreta N., Ang C.,
Holcombe R.F. Genistein combined with FOLFOX or FOLFOX-Bevaci-
zumab for the treatment of metastatic colorectal cancer: phase I/II pilot
study. Cancer Chemother Pharmacol. 2019; 84(3): 591-8. doi: 10.1007/
500280-019-03886-3.

112. Chua G.N.L., Wassarman K.L., Sun H., Alp J.A., Jarczyk E.L,
Kuzio N.J., Bennett M.J., Malachowsky B.G., Kruse M., Kennedy A.J.
Cytosine-Based TET Enzyme Inhibitors. ACS Med Chem Lett. 2019;
10(2): 180-5. doi: 10.1021/acsmedchemlett.8b00474.

113. Weirath N.A., Hurben A.K., Chao C., Pujari S.S., Cheng T,
Liu S., Tretyakova N.Y. Small Molecule Inhibitors of TET Dioxygenases:
Bobcat339 Activity Is Mediated by Contaminating Copper(1l). ACS Med
Chem Lett. 2022; 13(5): 792-8. doi: 10.1021/acsmedchemlett.1c00677.

114. Singh A.K., Zhao B., Liu X., Wang X., Li H., Qin H., Wu X.,
Ma Yu., Horne D., Yu X. Selective targeting of TET catalytic domain
promotes somatic cell reprogramming. Proc Natl Acad Sci U S A. 2020;
117(7): 3621-6. doi: 10.1073/pnas.1910702117.

115. Guan Y., Tiwari A.D., Phillips J.G., Hasipek M., Grabowski D.R.,
Pagliuca S., Gopal P, Kerr C.M., Adema V., Radivoyevitch T., Parker Y.,
Lindner D.J., Meggendorfer M., Abazeed M., Sekeres M.A., Mian O.Y,,
Haferlach T., Maciejewski J.P, Jha B.K. A Therapeutic Strategy for Pref-
erential Targeting of TET2 Mutant and TET-dioxygenase Deficient Cells
in Myeloid Neoplasms. Blood Cancer Discov. 2021; 2(2): 146-61. doi:
10.1158/2643-3230.BCD-20-0173.

Tloctynuna/Received 13.04.2024
Opnobpena nocine peuenzuposanus/Revised 22.07.2024
Ipunsra k nyonukauun/Accepted 16.08.2024

SIBERIAN JOURNAL OF ONCOLOGY. 2024; 23(4): 125-140



OB30PbI

CBEJEHUA OB ABTOPAX

MaxkcumoBa Bappapa [laBioBHa, Mita quinii Hay4HbIH COTPYIHUK JTa00PATOPUH KAHIIEPOTSHHBIX BELIECTB OT/Ie]Ia XUMUYECKOT0 KaH-
ueporenesa, ®I'bY «HaunonanbHplli MEAUIIMHCKUNA MCCIIEI0BATENILCKUN LIeHTp oHkojoruu uMm. H.H. broxuna» Munsnpasa Poccun
(r. Mockaa, Poccust). SPIN-koa: 5090-7297. Researcher ID (WOS): S-7580-2019. Author ID (Scopus): 57195322203. ORCID: 0000-
0003-0896-2952.

Makycb FOust BanepbeBHa, mpakTHKAHT 1a00paTOPUH MEXaHU3MOB XMMUUYECKOTO KaHIIEpOreHe3a OT/Ie/Ia XMMHYECKOTo KaHIIepOoreHe3a,
OI'BY «HanuoHanbHbI MEUIIMHCKUAN UCCIIEI0BATEbCKHIA LIeHTp oHKosioruu uMm. H.H. bioxuna» Munsnpasa Poccuu; crynentka 1-ro
Kypca MarucTparypsl (paxyinbTeTa aHajan3a JaHHbIX B Ononoruu u meauiune, HUY «Brpiciias mikona sxonomukn» (1. Mocksa, Poccus).
Researcher ID (WOS): AAK-2145-2020. Author ID (Scopus): 57218900186. ORCID: 0000-0001-6820-4198.

ITonoBa Basepust 'ennaabeBHa, 1ab0paHT-HUCCIISI0BATENb JIA00PATOPUH KAHIIEPOTeHHBIX BEILLIECTB OT/Ie/Ia XUMHYECKOT0 KaHIIEpOreHe3a,
OI'BY «HanumoHanbHbIN MEIUIIMHCKHUIA HCCIeN0BaTeIbcKUi 1eHTp onkosoruu uM. H.H. brioxuna» Munsnpasa Poccun; ®IAOY BO
«Poccuiickuit yauBepcutet 1pyx0b1 HaponoBy (. Mocksa, Poccust). SPIN-koxn: 4668-4583. Researcher ID (WOS): AAL-7244-2021.
Author ID (Scopus): 57226857087. ORCID: 0000-0002-7301-605X.

Ycanka Ogbra ['eHHaIbeBHA, IPAKTHKAHT JTA00PATOPUH KAHIICPOTCHHBIX BEIIIECTB OT/IENIa XUMHUUECKOTo KaHieporenesa, PI'bY «Ha-
[HOHABHBIN MEIUIIMHCKHI HCCIICA0BATEILCKIIA 1IeHTp oHkooruu uM. H.H. broxuna» Munsapasa Poccun; npakTiukaHT hakyibreTa
ouonoruu, Yausepcutet Tadtca (1. Mocksa, Poccus). Researcher ID (WOS): AAK-2008-2020. Author ID (Scopus): 57218894338.
ORCID: 0000-0001-9525-0771.

Bemunxnii [ennaauii AJIbTepoBHY, JOKTOP MEANUIMHCKHX HAYK, IPOdeccop, ITaBHbIN HayYHbIH KOHCYJIBTAHT J1JA00paTOPHN MEXaHH3MOB
XUMHUECKOT0 KaHIIEpOreHe3a OTaela XUMU4ecKoro kanueporenesa, ®I'bY «HanmonanbHbII METUIIMHCKHI UCCIIEI0BATEILCKUN LEHTP
onkonorun um. H.H. broxuna» Munsapasa Poccun (1. Mocksa, Poccust). SPIN-kom: 4037-0033. Researcher ID (WOS): L-3062-2015.
ORCID: 0000-0002-3167-7204.

SIxy0oBckasi Mapunanna I'eHHaibeBHA, IOKTOP MEAUIIMHCKUX HAYK, 3aBeyIOIIAs OTIEIOM XUMHUYecKoro kanueporeHesa, ®I'bY «Ha-
MOHAIBHBIN MEUIIMHCKUI UCCIIeIoBaTebCKHi LIeHTp oHkosioruu uMm. H.H. biioxuna» Munznpasa Poccun; ®I'AOY BO «Poccuiickuii
YHUBEPCUTET ApYyKObI HapooB» (. Mocksa, Poccust). SPIN-kox: 6858-3880. Researcher ID (WOS): R-6984-2016. Author ID (Scopus):
57217461641. ORCID: 0000-0002-9710-8178.

KupcanoB Kupnii UropeBud, 10xTop OMOJIOrHUECKHUX HayK, 3aBEAYIOLINI JabopaTopHeil KaHIEPOr€HHBIX BEIIECTB OT/eIa XUMHUYe-
ckoro kaHieporenesa, ®I'bY «HaruoHaibHbIH MEIUIMHCKUI HCCIeN0BaTeNbCKUI LIeHTp oHkosioruu uM. H.H. Brioxuna» Munzapasa
Poccun; accucrent kadenps! obueii BpauedHoit npaktukn, PIAOY BO «Poccuiickuii yHuBepcUTET ApyXKObI HapoxoBy» (I. Mockaa,
Poccus). E-mail: Kkirsanov85@yandex.ru. SPIN-kox: 7329-7263. Researcher ID (WOS): L-3062-2015. Author ID (Scopus):
36461343900. ORCID: 0000-0002-8599-6833.

BKINAQ ABTOPOB

MaxcumoBa Bapsapa IlaBioBHa: onpenenenue CTpyKTypsl 0030pa, IPOBEACHHE CHCTEMHOTO aHaINn3a, 0000IIeHNe JaHHBIX U MO~
TOTOBKA TEKCTa 0030pa.

Maxkycs Qs BajiepseBHa: 0030p muTepaTypsl 110 TeMe CTaThU, padoTa HaJl WILTIOCTPAUsIMHU, OTOTOBKA TeKCTa 0030pa.
IMonosa Banepusi 'ennaabeBHa: 0030p IUTEPATypHI 110 TEME CTAThH, paboTa HaJ| WINTIOCTPALUSIMH, TIOJITOTOBKA TeKCTa 0030pa.
Yeanka Oabra I'ennaabeBHa: 0030p TUTEPATYPHI IO TEME CTAThH, MOATOTOBKA pazaena « aruouropsr TETs».

Beaunknii lennaanii AJibTepoBHY: IPOBEICHUE CUCTEMHOTO aHAH3a U 0000IICHUE JaHHBIX.

SAxy6oBckast Mapnanna ['eHHaibeBHA: IPOBEICHNE CHCTEMHOTO aHAM3a M 0000IIEeHNe JaHHbIX.

Kupcanos Kupuiin HropeBud: onpeaeneHue CTpyKTypsl 0030pa, IPOBECHIE CHCTEMHOTO aHaIN3a U 0000IeHNE JaHHBIX.

Bce aBTops! 0100pHH (pUHATEHYIO BEPCHIO CTaThH Iepe]| MyOnuKanuei, BRIpa3iIi COIIacHe HECTH OTBETCTBEHHOCTD 3a BCE ACTIEKTHI
PpaboThI, MOIPa3yMEBAOLIYI0 HAIEKAIee N3YyIeHHEe U PELICHHE BOIPOCOB, CBA3aHHBIX C TOYHOCTBIO M JOOPOCOBECTHOCTBIO JIF00OM
4acTu paboThL.

Qunancuposanue

Paboma evinornena npu ¢unancosoii noodepocke Poccuiickoeo nayunoco ¢onoa (npoexm Ne 21-75-
10163).

Kongnuxkm unmepecos

Aemopbl 3aa61210m 00 OMCYMCmMEUY KOHDIUKMA UHMEPecos.

ABOUT THE AUTHORS

Varvara P. Maksimova, Junior Researcher, Carcinogenic Substances Laboratory, Department of Chemical Carcinogenesis, N.N.
Blokhin National Medical Research Center of Oncology of the Ministry of Health of Russia (Moscow, Russia). Researcher ID (WOS):
S-7580-2019. Author ID (Scopus): 57195322203. ORCID: 0000-0003-0896-2952.

Yulia V. Makus, Trainee of the Laboratory of Mechanisms of Chemical Carcinogenesis, Department of Chemical Carcinogenesis, N.N.
Blokhin National Medical Research Center of Oncology of the Ministry of Health of Russia; 1st year Master’s student of the Faculty
of Data Analysis in Biology and Medicine, National Research University Higher School of Economics (Moscow, Russia). Researcher
ID (WOS): AAK-2145-2020. Author ID (Scopus): 57218900186. ORCID: 0000-0001-6820-4198.

Valeria G. Popova, Research Laboratory Assistant, Carcinogenic Substances Laboratory, Department of Chemical Carcinogenesis,
N.N. Blokhin National Medical Research Center of Oncology of the Ministry of Health of Russia; RUDN University (Moscow, Russia).
Researcher ID (WOS): AAL-7244-2021. Author ID (Scopus): 57226857087. ORCID: 0000-0002-7301-605X.

CUBVPCK OHKONOTMYECKUWM XXYPHAT. 2024; 23(4): 125-140 139



REVIEWS

Olga G. Usalka, Trainee of the Laboratory of Carcinogenic Substances, Department of Chemical Carcinogenesis, N.N. Blokhin National
Medical Research Center of Oncology of the Ministry of Health of Russia; Trainee at the Faculty of Biology, Tufts University (Moscow,
Russia). Researcher ID (WOS): AAK-2008-2020. Author ID (Scopus): 57218894338. ORCID: 0000-0001-9525-0771.

Gennady A. Belitsky, MD, Professor, Chief Scientific Advisor, Laboratory of Mechanisms of Chemical Carcinogenesis, Department of
Chemical Carcinogenesis, N.N. Blokhin National Medical Research Center of Oncology of the Ministry of Health of Russia (Moscow,
Russia). Researcher ID (WOS): L-3062-2015. ORCID: 0000-0002-3167-7204.

Marianna G. Yakubovskaya, MD, DSc, Head of the Department of Chemical Carcinogenesis, N.N. Blokhin National Medical Research
Center of Oncology of the Ministry of Health of Russia; RUDN University (Moscow, Russia). Researcher ID (WOS): R-6984-2016.
Author ID (Scopus): 57217461641. ORCID: 0000-0002-9710-8178.

Kirill I. Kirsanov, DSc, Head of the Carcinogenic Substances Laboratory, Department of Chemical Carcinogenesis, N.N. Blokhin
National Medical Research Center of Oncology of the Ministry of Health of Russia; Assistant, Department of General Medical Practice,
RUDN University (Moscow, Russia). Researcher ID (WOS): L-3062-2015. Author ID (Scopus): 36461343900. ORCID: 0000-0002-
8599-6833.

AUTHOR CONTRIBUTIONS

Varvara P. Maksimova: determining the structure of the review, conducting system analysis, summarizing data and preparing the text
of the review.

Yulia V. Makus: literature review, preparation of figures, preparation of the review text.

Valeria G. Popova: literature review, preparation of figures, preparation of the review text.

Olga G. Usalka: literature review, preparation of the section “TETs inhibitors”.

Gennady A. Belitsky: conducting system analysis and summarizing data.

Marianna G. Yakubovskaya: conducting system analysis and summarizing data.

Kirill I. Kirsanov: determining the structure of the review, conducting system analysis and summarizing data.

All authors approved the final version of the manuscript prior to publication and agreed to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of any part of the work were appropriately investigated and resolved.

Funding

This work was financially supported by the Russian Science Foundation (project No. 21-75-10163).
Conflict of interests

The authors declare that they have no conflict of interest.

140 SIBERIAN JOURNAL OF ONCOLOGY. 2024; 23(4): 125-140



DOI: 10.21294/1814-4861-2024-23-4-141-151 )Y 40 |
Y[K: 616-006-08-059:615.849 G

[nsa uutuposanns: PomaHko FO.C., Pewemos M.B. 3kcnepumeHTanbHas U KMHUYECKkasi KOMOMHMPOBaHHas hoToanHa-
MuYeckas Tepanus OnyXoneBbiX W NpesonyxoneBbix 3a60eBaHNiA ¢ CMONb30BAHNEM Pa3NUYHbIX BULOB M3NyveHnin. Cubupckuin
OHKonornyeckuii xxypHan. 2024; 23(4): 141-151. — doi: 10.21294/1814-4861-2024-23-4-141-151

For citation: Romanko Yu.S., Reshetov I.V. Experimental and clinical combined photodynamic therapy for malignant and
premalignant lesions using various types of radiation. Siberian Journal of Oncology. 2024; 23(4): 141-151. — doi: 10.21294/1814-
4861-2024-23-4-141-151

OKCNEPUMEHTANBbHAA U KIMHUYECKAA
KOMBUHUPOBAHHAA ®OTOANHAMUYECKAA TEPATNUA
ONYXONEBbLIX U MPEOONYXOJIEBbIX 3ABOJIEBAHUA
C UCNONIb3OBAHMEM PA3JTUYHbIX BUOOB U3NTYYEHUN

l0.C. PomaHko'?, U.B. PewweTtoB'?3

'®FAQY BO «[MepBbiit MOCKOBCKMI rocyAapCTBEHHbIM MEAULMHCKUIA YyHUBepcuTeT uM. .M. CeveHoBa»
MwH3agpasa Poccun

Poccus, 119991, . Mocksa, yn. TpybeLkasi, 8/2

2Akagemus noctamniomHoro obpasoanHus OrbY OHKLL dPMEA Poccun

Poccus, 125371, r. Mockea, Bonokonamckoe wocce, 91

34OYBO «MockoBckuin yHnBepcuteT um. C.1HO. Butte»

Poccus, 115432, r. Mocksa, 2-1 KoxyxoBckun np-g, 12/1

AHHOTauusa

Llenb nccnepoBaHus — npeactaBuUTb PasfnyHble TUMbl U3MYYEeHUs, KOTOpble MOTyT yBeNn4nTb 3hdeKTmB-
HOCTb KOMBVHUPOBaHHON choToanHammuyeckon Tepanum (OAT) Npu NevYeHn onyxoneBbIX Y NPeaoNyXoseBbIX
3abonesanuii. MaTtepuan n Mmetoabl. o gaHHoOW npobneme NpoBeaeH Nouck 1 aHanus 6as gaHHbix Web of
Science, Scopus, MedLine, Library, PHL], B ocHoBHOM 3a nocnegHue 10 net. Mbl Hawny 230 MCTOYHUKOB,
MOCBSILLEHHBIX M3YYEHWIO [AHHOW TEMbI, U3 KOTOPbIX 64 BkNoUMnmn B 063op. PesynbTaTbl. PoTogMHaMmYeckas
Tepanusi npeacTaBnseT cobon HOBYK TEXHOMOMMIKO NEYEeHUs paka, KoTopas CTaHOBUTCS Bce Bonee pacnpo-
CTpaHeHHOW B nocnefHue rogsl. B psage cnyyaes oHa HepedKko ABNAETCS anbTepHaTUBHBIM METOAOM JleYeHnst
OHKOJorMyeckmnx 3aboneBaHunin, KOrga eCcTb BbICOKMI PUCK Pa3BUTKS MOBOYHbIX 3PEKTOB M OCIIOXKHEHWI MPK
npoBeAeHUN TPaaMLMOHHBIX METOLO0B NEYEHNS, TaKMX Kak XMPYypruyeckoe BMeLLaTenbCTBO, fyvyeBas Tepanus
1 xvumMunoTepanus. Ang ycnelwHon n addpektreHon peanusauuv GOT Heobxoanmbl chotoceHcnbunuaatop ($C),
CBETOBAsi 3HEPIUS U KUCNOpOoA, pe3ynbTaToM KOMOMHaLMK KOTOPbIX SBMSieTCA 0O6pa3oBaHne akTUBHbIX (hopM
kucnopoda (APK), koTopble YHUUTOXAKOT pakoBble KINeTkW. B 0630pe paccmaTprBatTCst OCHOBHbIE MPUHLMNMbI,
MEXaHU3Mbl U Ba)kHble KOMMNOHEHTbI @4 T B cCamMOCTOATENBHOM Y KOMOUMHMPOBAHHOM BapuaHTax. HecmoTtps Ha
T0, uTo AT sABNseTCs 3P PEKTUBHBIM U HEUHBA3VBHbLIM METOAOM FIEYEHUS paKa, Y HEE eCTb HEKOTOPbIE OrpaHu-
YeHWs, TaKMe Kak He3HaunTenbHas rnybrHa NPOHNKHOBEHNMS CBETA B bronornyeckue TkaHu, ManoadeKkTuBHble
®C u runokcmsa onyxonu. B Halwem nccnegoBaHny paccMaTpuBaKOTCA HOBbIE CTPATErM, KOTOPbIE UCMOSb3YT
Opyrvie UCTOYHUKM SHEPTUK, Takue Kak MHppakpacHble U pEHTIEHOBCKME Ny4n, YNbTPasByk, a TakkKe anekTpuye-
CKOe M MarHuTHOe nonsi, ang ycunenus acpdekta ®OT 1 npeononeHns e€ orpaHnyeHnin. bonblune Hagexabl
TakKKe CBsi3aHbl C NpUMeHeHnem KomouHaumm ®OT n HenTpoH-3axBaTHoM Tepanum (H3T). B HacToswwee Bpems
pa3paboTaHbl NPOM3BOAHbIE XJIOPUHA, CBA3AHHbIE C HOCUTENAMK Bopa, KOTOpble MOTYT UCMONb30BaTbCS Kak
ans donyopecueHTHor guarHoctukm n ®AT, Tak n anst H3T. CuHTe3npoBaHHble COeAMHEHUsT 0braaatoT BbICOKOM
CENEKTUBHOCTbIO HaKOMMeHMs B ONyxonu. B HacTosLLee Bpems nornyyeHbl 06HaaexmBaroLwme JOKIMHUYECKME
pe3ynbTaThl, AEMOHCTPUPYHOLLME BbICOKYH 3(PEeKTMBHOCTE KOMOUHMPOBAHHOIO Ucnons3oBaHusa H3T n ®AT.
3aknyeHue. KomOMHNpoBaHWE € pa3nnyHbIMU UCTOYHUKAMW SHEPTUM SBISIETCA KIMHOYEBbLIM (DaKTOPOM Ans
fanbHenwero pa3sutua OAOT. ViccnenoBaHus, HanpaBrneHHble Ha npeogoneHue orpaHudeHnn ®OT, 6yayT
€cnocobCTBOBAaThL PACKPbLITUIO MOTHOTO MNOTEHLMana 3To TEXHOMNOMMN B KITMHUYECKON NpakTUKe.

KnroueBble cnoBa: q)OTOﬂMHaMM"IeCKaﬂ Tepanus, q)OTOCEHCMsVIHVIsaTOp, KOMGMHMPOBGHHOG ne4vyeHwue,
HeﬁTpOH-3aXBaTHaH Tepanwus, MH(bpaKpacuoe unsny4vyeHue, peHTreHoOBCKoe usny4eHue, nanyveHue

BaBMnosa—‘-IepeHKOBa, ynbTpa3ByKOBOE€ U3slrlyy4eHue, 3yieKkTpoMarHuTHoe nanyvyeHume, onyxornesbie
3aboneBaHus, npeponyxorieBbie 3aboneBaHus.

#=7 Pomanko KOpuit CepreeBuy, romanko_yu_s@staff.sechenov.ru
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Abstract

The aim of the study was to present various types of radiation that can increase the effectiveness of
combined photodynamic therapy (PDT) for malignant and premalignant lesions. Material and Methods. The
Web of Science, Scopus, MedLine, Library, and RSCI databases were used for finding publications on this
topic, mainly over the last 10 years. Of 230 sources, 64 were included in the review. Results. Photodynamic
therapy is a new cancer treatment technology that has become increasingly popular in recent years. It is often
an alternative method of treating cancer when there is a high risk of side effects and complications during
traditional treatments such as surgery, radiation therapy and chemotherapy. PDT requires a photosensitizer,
light energy, and oxygen to create reactive oxygen species that destroy cancer cells. This review examines
the basic principles and mechanisms of PDT used alone and in combination with other traditional therapies.
Despite the fact that PDT is an effective and non-invasive cancer treatment, it has some limitations, such as
low light penetration depth, ineffective photosensitizers and tumor hypoxia. Our study examines new strategies
that use other energy sources, such as infrared- and X-rays, ultrasound, as well as electric and magnetic
fields, to enhance the PDT effect and overcome its limitations. Great hopes are also associated with the
use of a combination of PDT and neutron capture therapy (NCT). Currently, chlorin derivatives associated
with boron carriers have been developed. They can be used for both fluorescence diagnostics and PDT,
as well as for NCT. The synthesized compounds have a high selectivity of accumulation in the tumor. To
date, encouraging preclinical results of high efficiency of combined use of NCT and PDT have already been
obtained. Conclusion. Combination with various energy sources is a key factor for further development of
PDT. Future research aimed at overcoming the limitations of PDT will contribute to unlocking the full potential
of this technology in clinical practice.

Key words: photodynamic therapy, photosensitizer; combined treatment; neutron capture therapy, infrared
radiation, X-ray radiation, Vavilov—Cherenkov radiation, ultrasonic radiation, electromagnetic radiation,

tumor diseases, precancerous diseases.

BBenenne

®doroguaammdeckas teparnus (O T) mpencrasnser
c000¥1 METOT JIeueHH ST TIPEI0MYXO0JIeBhIX 32001eBaHUH
1 3JI0Ka4€CTBEHHBIX HOBOOOPA30BaHU, KOTOPBIH HC-
TMIOJIE3YET TPY OCHOBHBIX (DaKTOpa ISl CEIIEKTUBHOTO
pa3pymIeHns TKaHU-MHIICHN: (POTOCECHCHOMIH3ATOD
(@C), cBeT ¢ onmpenenecHHON NIUHOW BOJTHBI U KHC-
sopoj. Hu onuH U3 3Tux (akTtopoB cam 1o cede He
SIBIISIETCS] TOKCUYHBIM, HO X KOMOWHAIINS BBI3bIBACT
(hOTOXMMHUYECKYIO pEaKITUI0, KOTOpast TPUBOIUT K 00-
pa3oBaHMIO aKTUBHBIX (opm kuciaopoaa (ADPK). Otu
A®K noBpex/1atoT OITyX0JIEBbIE KJIETKH U IPUBOST K
pazpyuenuto Tkanu-mutienu [1]. Ceanc O/ T Bkito-
yaeT B ce0s 1Ba otana: BBefeHne OC (BHyTpUBEHHOE
WJTU JIOKAIHHOE) M MO CTISYIONIee 00yIeHHE CBETOM
C OINpPEJIEIEHHON JJIMHOW BOJIHBI B MECTE MATOJIOTHU-
YeCKU U3MEHEHHBIX TKaHeil. Mexny BBenenuem OC
1 00TydeHreM HeoOX0IMM MHTEPBaJl BPEMEHH, YTOOBI
OC ceneKTUBHO HAKOMIIICS B OmTyXoiu. 1o ncreuennn
COOTBETCTBYIOIIETO BpEMEHHU (OT HECKOJIBKUX MUHYT
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JI0 HECKOJIbKHX JHEH) OMyX0jibh OOIydaeTcs JucC-
TaQHIIMOHHO WJIM WHTEPCTUIHAIBEHO (BHYTPUTKAHHO)
KpacHBIM WU OJIMKHUM HH(PPaKpPacHBIM CBETOM [2].

®dorouHAMUYECKasT Tepanus HAYUHACTCS C T0-
ronieHus ceera @C B TKAHU-MUIIICHH, YTO 3aITyCKaeT
[EMHYI0 Peakuio (POTOXUMHUECKUX IMPOIECCOB,
npuBoasmux kK oopaszoBannio ADQK. ®C B cBoeMm
OCHOBHOM COCTOSTHHH (CHHTIIETHOE cocTosiHue, 'DC)
MMEET YCTOWYHBYIO AIEKTPOHHYIO KOH(DUTYPAIHIO C
JIBYMSI 3JIEKTPOHAMU C TIPOTUBOIIOTIOKHBIMU CIIMHAMH.
[Tornomienne GoroHa cBEeTa ONPEICICHHON JIMHBI
BOJTHBI MPUBOAMT K iepexoay PC B KOPOTKOKHUBYIIIEE
(HECKOITEKO HAHOCEKYHT) BO30YKICHHOE CHHTJICTHOE
cocrostame (!@C*). D10 cocTOsTHUE HECTAOMIIBHO U
OBICTPO TepsieT W30BITOK IHEPTUU MYTEM H3IIyde-
HUs cBeTa ((YIyopeclieHIInN) WIH BBIJISICHUS Terlia
(BHYTpeHHeTO MpeobdpazoBanms). OMHAKO CHHTIICTHOE
COCTOSTHUE MOXKET TEperTH B Oojee CTaOWUIbHOE U
nonroseuroe (ot 10 10 107 ¢) TpuruieTHOE BO30Y K-
nenHoe cocrosinue (PPC*) yepes mporecc MEKCH-
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OB30PbI

CTEMHOTI'0 B3aUMOJIeHCTBU. TpUIIIETHOE COCTOsIHME
MOKET BEPHYTHCSI B OCHOBHOE COCTOSIHUE ITyTEM U3ITy-
yeHns cBeta ((pochopeceHnnm) Ui mpeTepreThb a8a
TUIA peaKuuid. JJJIUTEIBHOr0 BpEMEHU HAXO0XKICHHUSI
B TPUILIETHOM COCTOSIHUHU JIOCTaTOYHO JJIS IIepeadu
€ro SHEPIUHU HETIOCPEICTBEHHO MOJICKYIISIPHOMY KHC-
sopony (O,). DTOT mponecc NPUBOUT K 00Pa30BAHUIO
CHHITIETHOTO K1c10pozia ('O,) 1 0OCHOBHOTO COCTOSHMUS
®C, xotopslii HazbiBaeTcsa peakuueil 11 tuna. Takxke
MOXET ITPOU30UTH peakius Tumna I, eciin Bo30yxeH-
Hb1i @C B3aMMOIEHCTBYET C KIICTOYHBIM CYyOCTPaTOM,
TaKUM Kak KJIETOYHAas MeMOpaHa WM MOJIEKyJa, U
MOABEPraeTcs NepeHOCy IEKTPOHOB, 00pasys ADK.
OTOT IIpolecc MOKET BKII0YATh B ce0st IpHOOpeTeHNE
WK OTZady 3JI€KTPOHA, YTO IPUBOJUT K 00pa30BaHUIO
KaTHOHHBIX WJIA @aHUOHHBIX Pa/INKaIOB COOTBETCTBEH-
HO. DT paJIuKalbl BCTYNAoT B peakiuio ¢ O,, 00pasys
A®DK, Takue Kak CynepOKCUIHbBII aHUOHHBIN paJuKall
(O*7), ruapoxcuibHbIi pagukan (HO¢) u mepexuch Bo-
nopoza (H,0,). IIpoxykrel, 00pasyromuecs B pe3yiib-
tare peakuil [ n I1 Tumnos, mpuBOAAT K pa3pyLIEHHIO
OITyXOJIN C TIOMOIIBIO TPEX B3aMMOCBSI3aHHBIX MeXa-
HU3MOB: IPSIMOTO ITATOTOKCHYECKOTO BO3/ICHCTBHUS Ha
OITyXOJIEBbIC KJIETKH (arornTo3, HEKpo3, ayTodarus,
HEKPONTO3, MUTOTHYECKAs KaTacTpoda, MUPONTo3 U
[apTaHaTro3), HENPsIMOTO MOBPEXKICHUS CBSI3aHHON
C OITyXOJIBIO COCYIUCTOW CE€TH M MHIYKLUHU BOCIa-
JIUTENBHON peaKIiy, KOTopas MOXKET aKTMBHPOBATh
HWMMYHHBII OTBET MPOTHB OITyXOJIEBBIX KieToK. O0e
peaxkuuy MOTYT HPOUCXOANUTH OAHOBPEMEHHO, HO UX
COOTHOLICHHUE 3aBUCUT OT THIIA Hcioab3yemoro dC,
KOHLEeHTpauuu cyoctpara n O,, a TakKe CpOACTBa
@®C k cybcrpary. Kpome Toro, B nureparype omnm-
ceiBaetcs peakuus 11 tTuna npu ®AT. B ominuue ot
peakuuu Il Tuma, 3TOT MyTh paboTaeT HE3aBHCHMO
ot O,, no3sonsts @C HanpsMyro B3aHMOIEHCTBOBATD
co crneuupuiIecKuMu ONOMOJIEKYIaMU-MHUIICHSIMU.
OTOT MEXaHN3M J1aeT OTIIMUUTEIBHOE IPEUMYIIECTBO,
MTOJTHOCTBIO 00XO0JIs1 TPYAHOCTH, CBSI3aHHBIE C JOCTH-
JKEHUEM HEOOXOIMMON KOHIICHTpPAIIH Oz, KOTOpBIE
yacTo BcTpeuarorcs npu TpaaunnonHon OT [3].

W3-3a BBICOKOW PEaKTUBHOCTH M KOPOTKOTO IIe-
puona nmomypacnana AOK @OJIT memocpencTBeHHO
BO3/ICHCTBYET TOJIBKO Ha KJETKHU, PACIOOKEHHBIE
Omu3ko K 30He BhIpaboTku ADK (30Ha sTokanm3amu
®C). CremneHb MOBPEXJICHUS U ITUTOTOKCHYHOCTH,
BO3HUKarouux B pesynbrare OJIT, 3aBUCUT OT TUIa
n 10361 OC [4], ero BHyTpH- U BHEKJIETOYHOM JIOKa-
JIM3a11H, 1036l CBETA U CKOPOCTH CBETOBOI'O MOTOKA,
JIOCTYITHOCTH O2 U UHTEepBaJia Mexy npuemom OC
1 BO3JICHCTBHEM CBeTa [5].

OcHoBHble KOMIIOHEHTHI DT

Caer sBisieTcs BaxxHoi cocranisttomieit O/ T. K-
Huaeckas d¢pdexruBHOCTS O[T 3aBUCHT OT TOYHOCTH
JOCTAaBKHU CBETA K TKAHN-MUIIICHU U €TI0 103bI, KOTOPasd
OTIPEEIISICTCS] CKOPOCTBIO M MHTEHCHBHOCTBIO CBE-
TOBOTO MOTOKA, BPEMEHEM BO3/ICUCTBUS U PEKIMOM
TOCTaBKY (OJHOKpATHAS WX (PpaKITMOHUPOBAHHAS).
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Bricokue 10361 cBeTa 3a KOPOTKHUIA POMEKYTOK Bpe-
MEHH, TO €CTh BEICOKHE CKOPOCTH CBETOBOT'O ITOTOKA,
HE SIBJISIIOTCS onTuMaibHbIMK U1t DT, Tak Kak oHU
NPHUBOIAT K ObICTpOMY HCTOMEHHIO O, B TKaHAX, 4TO
orpanuuuBaet BbIpadoTKy ADK u, cremoBaresbHO,
yMeHbIaeT 3pPeKTHBHOCTS JedeHus. Huskue cko-
pPOCTH CBETOBOTO TIOTOKA, HAIPOTHUB, CIIOCOOCTBYIOT
M30HMpaTeIbHOMY aIloNTO3y OITYyXOJIEBBIX KIJIETOK, YTO
Oosiee MPEANOYTUTEIBHO, YeM BOCIMAJICHUE U OTEK,
KOTOPBIE MOTYT BOHUKHYTh IIPU HEKOHTPOIUPYEMOM
paspbIBe KJIETOYHOTO COJAEPKMMOTO BO BpeMs He-
kpo3a. O0brgHO 151 ceancoB OJIT mcmons3yroTcs
MOJIYIIPOBOHUKOBBIE JIa3€pbl, HEOHOBO-TEJNEBBIC
J1a3ephl, CBETOM3Iyvarolue AUoasl u T.4. [6]. Kpome
TOTO, THEBHOU CBET TAK)KE MOXKET MCTIONB30BaThCS B
KauecTBe ucTouHuKa cBera st OUAT [7].

Monekynspubiii O, SBISETCS OCHOBHBIM (haKTo-
POM, BBI3BIBAIOIIUM IUTOTOKCUYHOCTH nipu DJIT.
IMoatomy anst apdexturOoro nmposenenust AT we-
00X0IMMO 00€eCTIeYUTh JOCTATOYHYI0 OKCHUTEHAIINIO
TkaHel. KoHIeHTpamus Kucioposa MOXKET CHIBHO
OTJIIMYATHCS B PA3IIUYHBIX OIYXOJISAX H IaXKe B Pa3HBIX
YacTAX ONHOW OIMyXOIW, B 3aBUCHMOCTH OT ILIOT-
HOCTH COCYIHUCTOM ceTu. B ciydae Gonee riryOoKux
COJIM/THBIX OITyXOJIEH, KOTOPBIE YaCTO UMEIOT HEXBATKY
KHCIIOPOJIa B CBOEM MHUKPOOKPYKEHHH, 3TO MOXKET
CTaTh OTpaHUYMBAIOINM (akTopoM. Kax yxe yrmomu-
HaJIOCh, CKOPOCTH cBeTOBOrO Notoka npu O/ T csazaHa
C MCTOILEHUEM KHUCIIOpOJa B pe3ysbTaTe reHeparuu
IUTOTOKCHUYCCKOI'O 102. UcTtomenne O2 TIPOUCXOJINT,
KOTJIa CKOPOCTh €ro MoTpedieHus B pe3yabrare GoTo-
JTUHAMUYECKON peaklu MPEeBBIIIAET CKOPOCTh €ro
muddysun B odmydaemoii obnactu. [lonnepxanue
MTOCTOSTHHOM CKOPOCTH CBETOBOTO ITOTOKA (M 0OIIei
no3el cBeTa) Bo Bpemst OJIT mo3BossieT n3bexars mpe-
BBILICHHS CKOPOCTH noTpebaenus O, Hall CKOPOCThIO
ero 1 y3uu B TKAHU-MUIIEHU. DTOT OAJIAHC TaKKe
MOYKET OBITh IOCTUTHYT C IMIOMOIIBIO (hPaKIMOHUPO-
BaHUA cBeTa [§].

Hpyrum BaxkHbIM koMmnoHeHTOM DT sBistirorcst
OC, KOTOpBIE ONPEACISIIOTCS KAK BEIIECTBa, CII0CO0-
HBIE [TOTJIONIATh CBET C OIPE/IEIIEHHON JUTMHOW BOJTHBI
1 3aITyCcKaTh (HOTOXUMHUIECKHE B POTO(DU3MIECKIE pe-
akruu [9]. bonemmaCcTBO OC, icions3yembix B O/T,
OpEeaCTaBISIIOT co0oit mopdupunsl [10], XJT0pUHBI
[11], GakTeproXIIOpUHBI, OAKTEPUOXITIOPOPHILTBI ¥ KX
Mpon3BOIHEIC [12], KOTOPBIE UMEIOT OOIIYIO CTPYK-
Typy TE€TPaNMpPPOIHLHOTO MAKPOLIMKJIIA, AHAJIOTHUHYTO
UKy MpoTOonoppuprHa, COAEPKALIETOCS B TEMO-
robune. [lepBbIME COEAMHEHUSIMH, MMOKa3aBLIIMMU
MTOTCHIINAJT B JICICHUH paka ¢ moMorisio O/ T, Opum
npou3BoaHbIE TeMaTtoniopupuHa (HpD), ounmenHas
Bepcusi KOTOPHIX (HOTOGPUH U Apyrue) sBISETCS
npeacTaBuTeNsIMU nepsoro nokoseHuss PC. Oanaxo
OC nepBoro NOKOJICHUS UMENU PsAJl OTPAHUYCHHM,
CBSI3aHHBIX C UX CJIOKHOW MOJIEKYJISIPHOM CTPYKTY-
poit, mpoOiieMaMu ¢ CHHTE30M, HU3KMMH KBAHTOBBIMHU
BBIXOIaMH, THAPO(GOOHON NMPUPOJON U HEBBICOKON
CEIIeKTUBHOCTHIO, UYTO 3HAYUTEIBHO CHUKAIIO X
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CIOCOOHOCTh IPOHUKATh B TKaHU [3]. Bropoe nmoko-
nenne OC (dhoToauTasuH U qpyrue) XapaKTepu3yeTcst
0oJ1ee BEICOKMMH CTENEHSIMH YNCTOTHI BEIIECTB U 00-
pasosanueM 'O,, a TaKKe JTy4IIUM IPOHUKHOBEHHEM
cBeTa B IyOOKO pacrofioKeHHbIE TKaHU Onaromaps
HX MaKCUMAaJIbHOMY MOMJIOIIECHUIO B UANa30HE JUIMH
BostH 650-800 M. Tperbe nokonernne OC npencras-
JsieT coOOH MOJIEKYIIBI C YITyYIIeHHON JOCTaBKOW B
OITyXO0JIb OJ1aroapst COSAMHEHHIO C HAlCTMBAIOLTUMU
MoJIeKyIaMH (KOHBIOTaTaMU aHTUTEIN) WA WHKAIICY-
JIILUW B HOCUTENH, BKIIFOUAs JTUIOCOMBI, JINITHJIHBIE
U TIOJIMMEPHBIE HAHOYACTULIBI M JACHJIPUMEPHL. DTH
HOCHTEJH CIIOCOOHBI yCHUIIUTh IPOHUKHOBEHHE B KOXKY,
pactBopuMOCTb U cTabuiabHOCTh PC [13].

DKcTeprMeHTaIbHBIE WCCIIEAOBAHMS TTOKA3AIH,
yTo pasnuuHele MeToabl DT, npumeHsemMble I
HEoOpaTHMOro MOBPEXKCHHUS KIETOK U COCYIOB, BbI-
3bIBAIOT Pa3IMYHbIC H3MEHEHUS B MeTa0onIMu3Me. ITo
MOJKET OBITH CBSI3aHO C Pa3HOW CTETICHBIO TUTIOKCHH,
BBI3BAaHHOU MCIONIb30BaHueM pasnudaabix OC [14].

B nocneanue roapl Bce Oombliiee BHUMaHHUE Y/ie-
JSIeTCsl NCTIOIBb30BaHMI0 MeTHIIeHOBoro cuHero (MC)
B ®O/IT, HanpaBiieHHOE BO3ACHCTBUE KOTOPOIrO Ha
MUTOXOHJPUU MOXKET MPUBECTH K ANIONTO3y OIlyXO-
JIEBBIX KJETOK [15]. Pe3ynpraTel cucTeMaTndeckoro
ananu3a 10 nccnenoBanuii mokasanu 3pGeKTHBHOCTh
®JIT c ucnonpzoBanuem MC (B no3uposke ot 0,04 10
24,12 Mr/KT) TIpH JISYCHUH PA3TUIHBIX BHUIOB paka U
MeJlaHOMEI [ 16].

[Toxazana a¢pdpexruBnocts OAT u pmyopecueHT-
Ho# nuarHoctuku (DJ1) ¢ moabA3BIYHBIM BBEICHUEM
S-amMuHONIEBYNMHOBOU KHCIOTH (5-AJIK) npu me-
YeHUH OOJBHBIX C PA3TUYHBIMHU TPEAPAKOBBIMH 3a-
0O0JIeBaHUSIMU TOJIOCTU pTa U TopTaHu [17], a Takxke
pe3ynbratuBHOCTH camoit D] [18, 19]. IIponemon-
ctpupoBaHa >pdextuBHOCTs D] A1 ONTUMHU3AIIH
®JIT [20], moBsitenns 3(h(HeKTHBHOCTH KOMOWHUPO-
BAHHOTO JICUEHUS paKa KeIyAKa, TOJICTOW U MPAMOM
KHILKH, JJIs YJIy4IIeHUsl pe3yJIbTaTOB OMInapHOU
XUPYPIrHH, XOJIaHTHOTpaduH, UICHTUDUKAIIH TIEpH-
TOHEAJIBHOI'O KapLUHOMATO3a U METACTa30B NEUYECHU
[21]. Mcnionp30BaHue KOUIOMIHOTO pacTBOpa HAHO-
YacTHll, BKItouast nHaonuanuH 3enensbiii (ICG NPs),
noBbImano 3¢dexruBHOCTs, DI I ompeneneHus
TpaHMUIL POCTA OITyXOJIeH U IyTel UX PACIIPOCTPaHEHUs
[22]. IToka3zaHo, 9TO MePCIEKTUBHBIN HAHOMAaTEePHAIT —
30J10TOW HAHOKJIACTED, OKPBITHINA JIUTUAPOIUIIOEBOU
kucioroit (AuNC@DHLA), coueraer B cebe mpenmy-
ecTBa OONBIION TITyOUHBI POHUKHOBEHHSI B TKaHH,
spdexruBHoi reHeparu ADK, dporoxumudeckoro
MexaHu3Mma | Tuma M HU3KOH TOKCUYHOCTH Iin VIiVo
[23].

Ha nanHbIi MOMEHT MMEETCSI MHOTO JaHHBIX,
noaTBepkaaronmux dhdexruBaocts OAT [2], oco-
OCHHO B 3KCIICPUMEHTAJIBHBIX HCCIICAOBaHUAX [24,
25]. Metox ®©JIT nokasain BEICOKYIO d((HEKTUBHOCTD
TIPH JICYCHUH TIPEIOTYXOJIEBBIX 3a00JIeBaHUI U pa3-
JINYHBIX BUJIOB OIYXOJI€H, TAKUX KaK aKTUHUYECKUI
KepaTo3, 0a3albHOKJIETOYHBIH paK KOXKH, OOJE3Hb
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BoysHa, rppOoBHIHBIN MUKO3, paK MIEHUKH MaTKH, PaKk
CIIM3HUCTON OOOJIOUKH TIOJIOCTH PTa, paK MOJOTHOU
JKeJe3bl, SIKCTpaMaMmapHsblil pak Ilemxkera, pak Jer-
KHX, XOJJAHTMOLIEJUTIONSIPHBIN pak, MeJlaHOMa IJ1a3a 1

ap. [26-42].

IlepcnekTMBBI KOMOMHHUPOBAHHOTO

npuMmeHenust ®JIT u 1pyrux suaos

H3JIyYeHUs B IKCIIEPUMEHTAIbHOM

U KJIMHUYECKOH OHKOJIOTUH

Kombunanus ®T ¢ npyrumu metogamu jede-
HUS, TAKUMH KaK XUMHOTEPAIUs, JTy4ueBas TEParus,
UMMYHOTEpanusi 1 GUTOTEpaIusi, MOXKET OBITH (-
(DEeKTUBHBIM TOJXOJOM IIPU JICUCHUU Pa3TUUHBIX
3JI0KaYEeCTBEHHBIX OITyXOJIeH, B OTHOIIEHUHN KOTOPBIX
panee He OBUIO JOCTUTHYTO YOBJIETBOPUTEIBHBIX pe-
3ynbraroB [43]. IIpu omHOBpEMEHHOM HUCIIOIB30BAHUN
®OJIT 11 030HUPOBAHHOTO (PHZHOIOTHYECKOTO PACTBOPA
y ’KMBOTHBIX B IKCTIEPUMEHTE OTMEYEHO BOCCTAHOB-
neHue 6anaHca mpo- ¥ aHTHOKCUIAHTOB [44].

Bonpimme Hanex b CBSA3aHbBI C IPUMEHEHUEM KOM-
ounaumu O/AT u HeriTpon-3axBarHoi Tepanuu (H3T).
B HacTosmiee BpeMst Hanbosee pacipoCTpaHEHHBIMHU
ucrounukamu Oopa juisi H3T sBistoTcst kiactepsl
0opa B hopMe UKOCadIPOB, KOTOPHIE MPUCOSTUHEHBI K
Pa3TUYHBIM MOJICKYJIaM, TAKUM KaK TICTITUIbI, OCITKH,
nop(UPHHEIL, ISHIPUMEPHI, TOTUMEPHI 1 HAHOYACTH-
IIbI, FJTA BKJTFOUEHBI B JIMTIOCOMBI. DTH KJIaCTEePHI O0opa
W/WIM HOCUTENIN MOMEYEHbl KOHTPACTHBIMH Bellle-
CTBaMM, KOTOpPbIE MO3BOJISIFOT MCIIOJIB30BaTh METOJIBI
Bu3yanuzauuu, Takue kak [19T, OOOKT u @/, ana
KOJTMYECTBEHHOTO OTIPECNICHNSI MECTOHAXOXKICHUS
0opa B OMYXOJH W HCIOIb30BAaHUSA MX B KaueCTBE
TepaHOCTHUECKUX areHToB [45]. B HacTosIIee BpeMs
pa3paboTaHbl MPOW3BOJIHBIE XJIOPWHA, CBSI3aHHBIC
¢ npenaparom s H3T mepxanrogomexkaboparoM
Hatpus (BSH), xoropsie mpenHa3sHadyeHsl s HC-
nonb3oBanus pu O, OT u H3T. Pe3ynsraTs uc-
CJIEJIOBaHUH MOKa3ald, YTO MPOU3BOJIHBIE XJIOPUHA,
KOHBIOTHpOBaHHBIE ¢ BSH, MoryT OBITH XOpOmmMu
kaanunaramu kak st OAT, rax u s H3T [46]. Tlo-
Jy4eHBI TOKITMHUYECKHE PE3YIIbTaThl BRICOKOH 3 (ek-
TuBHOCTH KoMOuHUpoBanHoit H3T ¢ ®JIT [47].

st npeononenus orpannuenuiit OAT u ycunenus
ee TepareBTHUECKOTo 3¢ (deKTa B HACTOAIICE BpeMs
MIPEUIOKEHB! M HOBEHIIMEe NHHOBAIIMOHHBIE CTpare-
TUH, KOTOPHIE MCIOJB3YIOT HEBUANMOE HU3JIydeHHE
ANEKTPOMATHUTHOTO CTeKTpa (MHPpaKpacHbIe H
PEHTTEHOBCKHE JTyUH), YIIBTPa3BYK, AEKTPHIECKOE U
MarHuTHOE TOJIS.

HNudpaxpacHoe usiryueHue

DddexTuBHBEIM MeTomOM BO30y)aeHusT OC mis
OJ[T B OGonee TIyOOKHX TKaHIX SIBISETCS UCIOJb-
30BaHME OMMKHETO MH(PAKpACHOTO H3JIyueHHs (OT
700 mo 1100 um). Takas O/T mo3BossieT, K TOMY Xe,
CHM3UTH (POTOTOKCUYHOCTD 11 HOPMAJIbHBIX TKAaHEH.
Komobunnuposannoe npumenenne OAT u dporoduo-
MonyisiuonHol Tepanun (PBEMT) cnocoGcTByet
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u Oosee 2pPEKTHBHOMY BOCCTAHOBJICHHIO TKaHEH
1ocjie XMMHOIYUYEBOU WM JIy4yeBOM Tepanuu [48].
Uccnenosanus >¢pdextnBHOCTH OBMT mokasniBa-
0T, YTO TOBBIIIEHHAs ePEKNUCHAsi OKUCh JIUIHJIOB U
HCTOIIEHNE aHTHOKCUIAAHTHOW CHCTEMBI SBIISIOTCS
OCHOBHBIMHM MEXaHH3MaMM CTPECCOBOW PEakLUUH Ha
pasnuaHbie du3znogornueckue pakTopsl. B aToMm
Trporecce KJIeTouHble MeMOpaHbl CTAHOBATCS ENbIO
JUIsL CTPECCOBBIX (aKTOPOB, (apMaKOIOTHIECKHX
BeniecTB u (uszndeckux areHToB. ®EMT moxeT
peryupoBaTh 00pa30BaHME CBOOOMTHBIX PaJUKAIOB
1 OKa3biBaTh MeMOpaHoTponHbie d3Qdexts ipu OAT
omyxoneit [49].

VYuenslie u3 Yuusepcurera Can-Ilayny (bpasumust)
ITPOBEJH HKCIIEPUMEHT, B KOTOPOM H3ydanu dPPeKT
couetanHoro npuMmeHenust ®IT u ®EMT Ha kneTou-
Hele muHuK paka SCC-25 u SCC-4. IlokazaHo, 4TO
COYETaHHME 3TUX METOAOB MPUBOJUT K YIYUIIECHHIO
pesynsraroB OJT 3a cueT yBenuyeHUsT KIETOYHOU
tokcuuHoct. ®BMT ycunupaet nevicreue OIT Ha
kineTkn SCC-25 myTeM yBeIWYeHUs MOTJIONIEHUS
@®C u BoipadoTkn ADK. Oxpnako B kierkax SCC-4
Takoro 3(dexra He HaOIOIaI0Ch, IO CPABHEHUIO C
rpymmoi, nomydasmieii Tonpko OIT. ABTOpHI Takxke
OTMETHIIH, YTO 3TH 3(P(HEKTHl 3aBHCAT OT HHTEpBaIA
mexkny OBMT, nakomnenuem @C u npoBeaecHUEM
OJIT. UccnenoBarenu MpUILLIIU K BBIBOAY, UTO COUYETA-
are OEMT u OAT tpebyeT manbHEUIIEro N3ydeHUs
[50].

Konneru u3 MoxanHecOyprckoro yHUBEpCHTETa
(FOAP) B skcnieprMeHTaIBHOM paboTe M0 U3YUCHHIO
3 PEeKTUBHOCTH KOMOMHUPOBAHHOTO TPUMCHEHUS
OBMT u O/IT ¢ ncronp3oBanreM (HTaTOTHAHIHTE-
Tpacynb()OHOBOM KMCIOTHI MHKA (ZnPcS,) Ha pesu-
CTeHTHBIX KJIETKaX paka MoJo4HOH sxene3st MCF-7
HCCIIe/IOBAIIN MOJIEKYIIIPHbIE H3MEHEHMs], CBSI3aHHBIE C
rudenbio KineTok. [lokazaHo, 4To IpH UCIIOIb30BAaHUN
ponamuaa (Rh123) — ¢myopeciieHTHOTO KpacuTers,
KOTOPbII N30MpaTe/IbHO HAKAIUINBAECTCS B MUTOXOH-
JIpUAX W TMPUMEHSAETCS JUIsl KOHTPOJIA 1I€TTOCTHOCTH
MemOpan kinetok nocie GT, — npu KoMOMHUPOBaH-
HoM npuMenennd @bMT u O/T peructpupoBanoch
3HAYUTEJIbHOE HapylleHHue padoThl MUTOXOHIPUH.
Pesynbrarel ucciaenoBanus MpoAeMOHCTPUPOBAIIH,
yT0 @BMT MOXET yaydlIUuTh MPOTHUBOOIIYXOJIEBOE
neiicteue O/ T, uaayupyst ayrodaruto B pe3UCTECHT-
HBIX KJIETKax paka Moio4dHoi sxene3bl MCF-7. DEMT
Tak)ke aKTHBHpYyeT oOpa3oBaHHE M OOHapyKEHHE
MapkepoB aytodarocom, u coueranue ee ¢ OAT mo-
JKET IIOMOYb BbI3BaTh OoJbIee OTOMOBPEKACHHE U
MOBBICUTH 3(p(peKTUBHOCTH NeueHus [51].

PentrenoBckoe usiryuenue

[Tpu AT ncnons3yercst BUAUMBIN CBET, UTO Orpa-
HUYMBAET JICYEHHE OTHOCUTENILHO IIOBEPXHOCTHBIMU
JIOKAJM30BAaHHBIMH OMyXoisiMu. [loaTomy croco0-
HOCTh BBICOKOPHEPI€THYECKOTO M3JIy4YE€HUSI aKTUBHU-
poBars ®C B paMKax C€aHCOB paJIMOJUHAMHYECKON
teparnnu (PAT) sBaseTcs mpeaMeToM aKTHBHOTO
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WCCIIEZIOBAaHUS, TIOCKOJIBKY PEHTI€HOBCKHE M TaMMa-
(hOTOHBI MOTYT IPOHHUKATH ITYOOKO B TKaHH [52].

B nocneanue roast yuensimu u3 CLIA, SAnonuun
u Utanuu npennpruHUMalOTCsl yCHEIIHbIE HOIBITKA
anmpobanuu Metona PIT B skcrmepuMEeHTaIbHBIX
ucclieJOBaHusIX. ABTOPBI COOOIIAIOT, YTO KOMOU-
HupoBaHHoe npuMmenenne O/T u PAT npuBoaut k
YMEHBIIECHHIO YHCIIa KU3HECIIOCOOHBIX OIyXOJIEBbIX
KJIETOK M 3aMEJICHUIO POCTa Pa3INYHBIX BUJIOB
OITyXOJI€H 10 CPaBHEHUIO C UCTIOIB30BAHUEM TOJIBKO
nydeBoil Tepanuu. P. Hambsch et al. [53] nmposenn
MHTEPECHOE UCCIIEJOBAaHNE, IIOCBSILICHHOE N3yYCHUIO
3¢ pexTnBHOCTH KOMOWHHPOBAHHOTO MPUMEHEHHUS
OJIT 1 peHTreHoTepanyy A1 JIeUeHNs TITH00IaCTOMBI.
Jo cux mop mmoOnacTOMbl He MOANAI0TCS JICUCHHIO
CTaHAAPTHBIMH METOAAaMH, IPHU ATOH MAaTOJIOTUU
OUEHb HHU3Kas CPeJHAs BBIKMBAEMOCTb — OKOJIO
15 mec. Mcnons3oBanue HOBoTO mokoseHuss @C
npu nposeaeHud OT MoxeT NpeaIoKUTh HOBYIO
CTpaTeruio 1Jisl jJedeHus rmobmactoMsl. Mcceaeno-
Barenu mu3yuniu aeiicteue OJT ¢ ncnonb3oBaHueM
teTparuaponopdupun-rerparodunara (THPTS) B
COYETAaHHM C PEHTI'CHOBCKUM OOJTy4YEeHUEM Ha KIIET-
KU THOOJIACTOMBI i1 Vitro W in vivo. Tpu KieTouHble
nuHAN TroomacToMbl yenmoBeka (U-87 MI, A-172,
DBTRG-05 MI') uakyouposanst ¢ THPTS 3a 3-24 4
1o obmyuenust. M3yuenst noxammusarus THPTS, ero
BIMSIHUE Ha META0OJIMYECKYIO0 aKTUBHOCTB, MPOJIH-
(hepamuro, MEXaHU3Mbl KJIETOYHOM I'MOEIN U 10JT0-
cpounyto BeDKuBaeMocTs. THPTS 6bu1 00HApYXEH B
MUTOXOHIPHUSIX, a He B siape. DT ¢ ucnonb3oBanueM
THPTS 3naunrtensHO cHIKaNa nponudepanmio, MeTa-
00JINYECKYI0 aKTUBHOCTb U KIIOHOTCHHYIO BbIKHBAE-
MOCTb, a TaKKe MHIYLHPOBaja KICTOUHYIO THOEIb.
Komo6unuposannoe npumenenne O T ¢ ncronp3osa-
Huem THPTS B coueranuu ¢ peHTreHoTepanueil no-
Ka3ajuo 0osblIyio 3()(HEeKTUBHOCTD NP BO3ACHCTBUN
Ha TIIno0IacTomy in vitro u in vivo [53].

B uccnenoBanusax B aTom Hanpasienuu . A. Iep-
KOBCKUH U COABT. [ 54 ] M3y4min, Kak KOMOMHAIIUS KOH-
takTHOH JtyueBoit Tepanun (KJIT) u @C xiaopuHoBOTO
psina, npuMensemoro npu O/IT, Biuser Ha mpoTUBO-
oIy x0JeBYI0 3((EeKTUBHOCTD TEPANUH Y J1aboparop-
HBIX )KUBOTHBIX C IEPEBUBHBIMH OIyXOJsIMU. B sKcrie-
PHMEHTE HCTIOJIB30BaHO 50 OeIbIx OecIIOPOIHBIX KPhIC
¢ Maccoii Tena 250 £+ 50 r. OnyxoneBbIMU MOACTISIMU
osuTn IuMdocaproma [lmrcca u ambpBeONSIpHEIN pak
neyenn PC1, nepeButhie moakoxxHo. DoToceHcnOm-
nu3arop xjopuHoBoro psiaa doronon (PYIT «ben-
Menmnpenaparbs», benapycb) BBOAUIN BHYTPUBEHHO
KanejabHo B 03¢ 2,5 mr/kr maccel Tena. Ceanc KJIT
npoBoawin yepes 2,54 1 nocne BBenenus OC c uc-
nojb3oBaHueM ammapara «microSelectron HDR V3
Digital» («Nucletron», Hunepnanapl) ¢ HCTOUHUKOM
usnyderns 2Ir B pa3oBbIx oyaroBbix fqo3ax (POJI) 5
u 10 I'p. Bee xuBoTHBIE OBUTH pa3eNeHbl Ha S TPy
1o 5 ocobell B Ka)/10ii: MHTaKTHBIH KOHTpousb, KJIT
PO/ 5 I'p, KJIT PO/ 10 I'p, ®C + KJIT PO 5Tp,
®C + KIIT PO/ 10 I'p. Pesynprarsl mokaszaiu, 4To
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BBezieHue OC xyopuHoBoro psiaa nepen ceancom KJIT
MOBBIIIAET MPOTHBOOMYXOJIEBYIO 3(P(HEKTUBHOCTD
JTy4eBOU TEpaIruy y )KUBOTHBIX C Pa3IMYHBIMU THIIA-
MU OITyX0Jiei. DTO MOATBEPKIaeT MEePCIIEKTUBHOCTD
JabHEHIINX UCCIICI0BaHUN PaANOCEHCHOMITH3HPYIO-
mux cBoictB OC [54].

B CIIOA (2020) u I'epmanun (2022) HagaTh
kinuHU4eckue ucnbitanus /11 a3l mo nsydenunto
oe3omacHoctu u 3pdexrusHoctu PT ¢ nmpumene-
HueM 5-AJIK y naneHToB ¢ pa3iuyHbIMU CTAIUSIMU
3JI0KaQ4€CTBEHHBIX OIMYXOJIeH rOJIOBbI U LIIEH, IPYIHON
1 OPIONIHOM MOJIOCTEH, MaJIoro Ta3a M PeIUJMBHBIMH
(hopmamu rrooactomsl [S55]. Henapaue 10CTHREHUS
B pa3paboTKe pEHTTeHOBCKUX CIUHTHILIATOPOB 1 DC
Ha OCHOBE HAHOYACTHIL, TAKMX KaK HaHodacTuupl Si0,,
Au, Fe, mo3BonHIM rTHOPUAN3ZUPOBATH 3T ()ParMEHTBI
B OT/IEJIbHbIE HAHOKOMIIO3UTHBIE YacTULBl. DTH Ha-
HOTIATQOPMBI TP OOMYUYSHUH THATHOCTHICCKIMHU
J03aMH ¥ DHEPTUSAMH PEHTTEHOBCKHUX JIy4deil BhIpa-
OarpiBatoT Oonbioe konnuecTBo ADK u Brepsbie
HIO3BOJIAIOT IPOBOAUTH HenHBa3uBHYO O T omyxoneit
TyOOKHX TKaHeH [56].

st rereparuu cBeta 1 aktuBaruu O/IT B riry60-
KHMX TKaHSIX Tak)Ke ObUIO MPEAIOKEHO MCTIONb30BaTh
n3nydeHne BaBunoBa—YepeHKkoBa, KOTOpOE BO3HUKAET,
KOTJIa 3apsKEHHBIC YaCTHIIBI JIBIKYTCS ObICTpPEE CKO-
pocTu cBeTa B JIaHHOM cpejie. JlaHHOoe u3iydeHue mMe-
JUIIMHCKHX PaJIMOU30TOIIOB U ITyYKOB PAIUOTEPATHI
MoxeT aktuBrpoBaTh OC c odpazoBannem ADK npu
coequHeHnN panunoHykiauaa u @C B HaHOYAacTUIAX
WJIM TIPU COBMECTHOM JIOKAJTM3aIlliU PaTUOHYKIIH/IOB
1 OC B paKkoBBIX KJIeTKaxX. M3mydenue nMeeT mpenmy-
IECTBA, TAKKE KaK MOJIaBJIeHNE BHEITHIX UCTOYHUKOB
00Ty4eHNs, MUHIMHU3A1HsI BO3/ICHCTBUS HA HOPMaJb-
HbI€ TKaHU W BBICOKOCEIIEKTUBHOE HallelIMBaHNE Ha
MHOKEeCTBEHHBIC MeTacTa3bl. OCHOBHOU MpoOIemMoi
npuMeHeHus n3nydenust Basuinosa—Yepenxona (M1BY)
SIBJISIETCS €r0 HU3Kasi MHTEHCUBHOCTD. MccaenoBanne
MeTozoM MoHTe-Kapiio mokasasno, 9To CKOPOCTH T10-
TOKa JAHHOTO THTA W3Ty4YeHUS HEAOCTATOYHBI IS
noctkenus 3G dextuBHOM poroTokcuuHOCTH. BHETI-
Hee 00ydyeHue Takxke MoxxeT ctumynuposats OUT ¢
ucnoinb3oBanueMm MBY. 310t moaxoa MHTEpECEH TeMm,
YTO, B OTJIMYME OT paanousoronos, IBY, nnaynupo-
BaHHOE BHEIIHUM ITy9KOM, MOJKET 00ecIieunTh 0osiee
BBICOKHI1 TOTOK ()OTOHOB U OOJIBIITY O 3D (HEKTUBHOCTD
OIT [7].

AHanmm3 pe3yapTaToB dKCIEPUMEHTAIHHOTO HC-
cinenoBanus comecTHoro npumenenust PIT u ®ATy
KPBIC C IEPEBUBHBIMU MOJKOKHO OITyXOISIMH MOJIEIH
muMdocapkombl [lnucca mokasan BEIpaKCHHYIO TEH-
JIEHITUIO K 0oJiee BBICOKOMY MPOTHBOOIYXOJIEBOMY
3¢ dexTy Takoii KOMOMHHUPOBAHHOHN TEpamuu, IO
cpaBHenuto ¢ PAT u ®AT B moHOpexkumax [57].
[TosiBUIMCH M KaTadUTUYECKNE HAHOCHUCTEMBI C YHU-
KallbHBIMU CTPYKTYpaMu ¥ (PYHKITUSMH, yCHIUBAIO-
e peHrrenoBekyto O[T mocpeacTBOM HUMMYHHOTO
otBeTa [58].
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YabTpa3sByKkoBoe H3JIyYeHHe

VYnpTpa3ByK MMeEeT 4acTOTHI 3ByKa, IIPEBBIIIAIO-
e Iramna3oH 4enoBedeckoro ciayxa (>20 kl'm). B
OTJIINYUE OT BUJIUMOTO CBETa, YJIBTPa3BYK SIBISETCA
MEXaHUYECKOU BOJHOM, KOTOpas MOXKET MPOHUKATH
TyOOKO B OITyXO0JIb-MHuIIeHb. COHOMHAMUYECKAs Te-
parmmst (CIT) ocHOBaHa Ha cHHEPTeTHYIeCKOM d(PdeKTe
YABTPa3ByKa U XUMUYECKOTO COSTUHEHUS, U3BECTHOTO
kak conoceHcuomumuzarop (CC). YapTpa3Byk MOXKET
OBITH TOYHO CHOKYCUPOBAH HA ONIPECIICHHBIX Y4aCT-
Kax OTyXOJH 1 d(PPEKTUBHO aKTHBUPOBATH ITUTOTOK-
cugHocTh CC, BbI3bIBas paszpylieHHEe OMyXOJEBbIX
KJIETOK C MUHUMAJIbHBIM TOBPEKICHUEM OKPYKalo-
LIUMX HOPMAJIbHBIX TKaHel [59]. MexaHu3mbl JeicTBUSA
CT 3aBucsTt ot Ononorndeckux moxeneu, tuna CC
Y TIapaMeTPOB YABTPA3BYKOBOTO BO3JEHCTBHS, TAKHUX
KaK 4acToTa U MHTEHCUBHOCTh. OIHAKO YHUBEpCAIIb-
HbI Mmexanu3m aeiicteus CT onpenenuts Tpyano. B
HaCTOsIIIee BPeMsT BOZMOXKHBIE TEOPHUH BKITIOYAIOT 00-
paszoBanue ADK, 3 dekT KaBUTAINH U TEPMUIECKOEC
NoBpexieHue. Pe3ynbrarsl OCIeIHUX NUCCIIeI0BaHNN
CBUJICTENILCTBYIOT O TCHJCHLIUHU K TIOBBILICHUIO 3(-
thexruBHOCTH CIT omyxonel sKCHEpUMEHTATbHBIX
JKUBOTHBIX [60].

I'muobGnacToma, Kak yKe 0OTMEUaioCh BBIIIE, SIBIISI-
€TCs TPYJHOU3JICYUMBIM 3a00JICBAHUEM, JUIS JICUCHHSI
KOTOPOTO TPEANPUHUMANNCH PA3TUYHBIE TIOIBITKH,
HO 0e3 ocoboro >ddekra. Llenpio nccaeqoBaHUS
J. Park et al. [61] Obina ouenka adpdexruBaoctu OAT
u C/IT, xoTopbie B HACTOSIIIIEE BPEMSI UCIIOIB3YIOTCS
JUTsl JIEYEHMsI OITyXOJIEH TOJIOBHOTO MO3ra, a TaKKe
coHo-poroguHamMuueckor Teparuu (CDT), xkoro-
pas mpeacTaBiseT co00l KOMOMHAITUIO ITUX IBYX
MeTon0B. YeThIpeM TpynmnaM Kpbic Sprague—Dawley
BBOJWJIN KJIETKH TIIHOMBI CO B KOPTHUKAIBHYIO 00-
nacth u aeunau ¢ nomompio OIAT, CAT u COAT.
E>xenenenpHO TPOBOIMIIACHE MATHUTHO-PE30HAHCHAS
ToMorpadusi, a 3a ieHb 10 IPOoLeypsl 1 uepe3 1 Hex
nocie vee — [IDT/KT ¢ "*F-O/II. AkycTruueckas MO
HOCTb, UCTIONIb3yeMast Tpu 00padOoTKe YIIBTPa3ByKOM,
cocrasisuia 5,5 Br/cM? ¢ UCIIONB30BAHUEM [ATYMKA
yactoroit 0,5 MI'. I1OTHOCTH MOILITHOCTH JIa3epHO-
ro U3JyYEHUs ¢ JAJIMHOM BONHBI 633 HM cOCTaBisLIa
100 JTx/cm?. Mapkepbl OKHCIHTEIBHOTO CTpecca U
arnonTo3a ObUIM OLCHEHBI Yepe3 3 HS MOCIIE JICYCHHS C
MOMOIIbI0 IMMYHOTUCTOXMMHUYECKOTO HCCIIE0BAHNSI.
brumn ucnonp3oBank! anTUTENA 4-1 HIPOKCHHOHEHAT
(4-HNE), 8-runpokcn-2'-ne3okcuryanosus (8-OHAG)
u kacnaza-3 (Cas-3). [Ipu MPT-Buzyanu3zanuu uepes
12 nueii mocie nedenus B rpynmne O/AT vabmonanock
yMmeHbleHue oobema omyxomu (p<0,05). B rpymme
CAT mabmromanoch HE3HAUUTEIFHOC yBEIHUCHUE
00BbemMa 1o CpaBHEHUIO C TPYIIION, B KOTOPOil pruMe-
usinack OJIT. B rpynne CO/IT nabntonanuch BEICOKHE
TMOKAa3aTeN! 3KCIPECCHH (PaKTOPOB, CBsI3aHHBIX ¢ ADK,
takux kak 8-OHdG (p<0,001) n kacmaza-3 (p<0,001).
Pe3ynbrarel ncciaenoBanus MPOAEMOHCTPHPOBAIIH,
470 cBeT B coueTaHuu ¢ CC MOXKET MOAABIATH POCT
robnactombl. XoTd ipu npoBeaeanu MPT ne Ob110
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BbIsIBIICHO KoMOuHMpoBaHHOTO 3 dexta COAT, npu
MMMYHOTHCTOXHUMHUYECKOM HCCIIeIOBaHNH HAOIFOal-
sl BBICOKMH YPOBEHb OKHCIIUTEIBHOTO cTpecca. Tem
HE MeHee, KaK MOTYepKHUBAIOT aBTOPbI, HEOOXOAUMBI
JaJdbHEHIINE UCCICAOBAHMS I U3YUCHUS Mapame-
TPOB 0€30ITaCHOCTH MPUMEHEHUS yJIbTpa3ByKa IMpH
JIeYCHUH TIHo0IacToMsl [61].

J.X. Zhu et al. [62] Takke MpoJEeMOHCTPUPOBAIIH,
yro COJIT okasbiBaeT Ooyiee BBIPaKEHHBIM NMPOTH-
BoomyxoneBsiid dpdext, uem CUT nmm OT B camo-
CTOSITENTLHBIX BapHaHTaX. ABTOPHI CTPEMIIIUCH H3yUUTh
ucnonb3oBanue monu (L-TakTuI-KOTIUKOIHIHOTO)-
MUKpOITy3bIpbkoB (MII), omocpeoBaHHBIX KypKyMH-
HoM (KVP) (KYP-MII), B knerkax paka nedenu HepG2.
MII rexcadropuna cepsl (MIIc), HHKaNICyTHPOBaHHBIC B
MOHOCIION JIMITHIOB, OOBIYHO UCTIONB3YIOTCS B KITMHUKE
JULs ucenenoBanus nopakenuit neuenu. KYP-MIT npen-
CTaBJISLTH COO0M KPyTIble Cephl C TIaKOH ITOBEPXHO-
CTBIO U CpeTHUM pazMepoM 3,7 MkMm. [Tpu npoBeaennn
WCCIeJOBaHUs ObLITH ONPEIeNIeHbI MUTOTOKCUYHOCTD U
BHYyTpuKieTouHoe HakoruieHne KYP. Ilpu cpaBHennun
CHT c¢ ucnonezoBannem KYP (KYP-CAT) u ®IT c
nucnonp3oBanueM KYP (KYP-®/T) onpenenuim, ato
XKHu3HecTIocoOHOCTh KiteTok HepG2 cHmkanace, a cko-
pOCTh anonTo3a nopslaiack npu nposeaeHnn COAT
¢ ucnonbs3zoBanueM KYP (KYP-COIT). KYP-COAT
obnasana camoii BhICOKOH 3(p(heKTHBHOCTHIO BO3IEH-
ctBud. Ilpu nposenennn KYP-COAT anexrponHas
MHKPOCKOITHSI BBISIBHJIA IUPOIITO3 U arloNTo3. MexaHn3m
9THUX POpM THOEIN KIIETOK, KaK IOJIararoT aBTOPbI, ObLI
CBsI3aH C ToTepeit MeMOPaHHOTO MOTEHIHAa a MUTOXOH-
JpUil ¥ yBETMUYEHNEM BBIPAOOTKH BHYTPUKIETOYHBIX
A®K. D1u 1aHHBIE CBUIETEILCTBYIOT O TOM, 4T0 KYP-
COAT mMoxkeT ObITh MEePCIICKTUBHBIM METOIOM JICUCHHUS
paxa nedenu [62].

DJleKTpuYecKoe 1 MATHUTHOE I0JIS1

BricokorHepreTndeckoe 3JIEKTPUUECKOe TOoJIe
BO3JICHCTBYET Ha KJICTOUYHYI0 MEMOpaHy, co3aaBas
HECEJICKTHBHBIC OTBEpCTUs (0OpaTUMast 3JIeKTPOIo-
parusi), 9T0 TO3BOJISIET HECEICKTUBHO TIEPEHOCUTH
OC gepe3 MmeMOpaHy BHYTPb KJIETKH, WK pa3pylias
ee (HeoOpaTuMast JIEKTPOTIOpaITis ). DIEKTPUICCKUC
HMILYJIbCBI, IpUMeHsieMble B coueTanuu ¢ O[T, no-
BoIatOT ee 3PdexkTuBHOCTE. OCHOBHBIM MPEUMY-
mectBoM O/IT ¢ ucnonab30BaHUEM 3IEKTPONOPALIUU
SBIISIETCST OOIBIIasi TOYHOCTh BO3JIEMCTBHSA, TaK KaK
ckopocth nepenoca @C BhICOKA TOJIBKO B 00acTH,
[7Ie TPUMEHSIETCS SJICKTPUIECKOE TOJIE.

MenaHoMa cuMTaeTcsi Hauboyiee arpecCUBHOM
3JI0KaYECTBEHHON OMYXOJIBI0 KOXKH, KOTOpasi 10 CHUX
nop He umeeT 3hPeKTUBHOro jeueHus. [loaromy
aJbTEPHATUBHBIC METOMBI JICUCHUs ITON MAaTOJIOTUU
odeHb BocTpeOoBanbl. D/IT MemaHOMEI ¢ 31eKTpOIIO-
pammeit (OI1-OJIT) npeacrapnseTcs HEpCIEKTHBHBIM
ronxomoM. Hosrwie pa3pabotku B obmactu DI1-OJT
HAITPaBJICHbI HA TIOBBIIICHUE CEJICKTUBHOCTH U OMOCOB-
MecTUMOCTH ¢ onyxoisiMu @C BTOporo nokoyieHus, B
ToM umcie u xsopuHa e6 (Ce6). J. Kulbacka n et al. mox-

CUBUPCKIY OHKONMOTMYECKW XXYPHAT. 2024; 23(4): 141-151

TBEPAMIIH YAYUIICHHBINA (HOTOAMHAMHYECKHIH d(PPEKT
Ce6 Ha KJIeTKH MenaHOMBI Koku (Me45) 1 KOHTpOIIb-
ueie kietkn (CHO-K1). B cBoém uccrienoBannu oHu
MPUMEHWIN | WK 5 UMITYIBCOB JUTUTENBLHOCTHIO 10 MC
u otteHmn 3 dhext DIT-OJIT ¢ moMoIbI0 pa3InIHbIX
TECTOB, TAaKUX KaK (DOTOOKUCICHHE C TIOMOIIBIO T10-
TIOTUTENS CUHIIIETHOTO Kuciopoga (ABMDMA),
M3MEpEeHNE OKHCIHUTEIbHO-BOCCTAHOBUTEIHHOTO
MOTEHINaa, KHHETHYECKNE N3MEPEHHUS C TOMOIIBIO
¢yopecueHTHOI MUKPOCKOIINH, U3yUYEHHUE TTOTIIONIe-
Hust @C, ypoBHS NEPEKUCHOTO OKHUCIIEHUSI JIUINOB
U CTPYKTYpBl aKTHHOBBIX BOJOKOH. Pe3ynbraThl mc-
ciemoBaHus mokazanu dPGeKTuBHYI0 qJ0cTaBKy Ceb
B KiieTku Me45 u xopoliryto (GoToIuHAMUUECKY0 -
(EeKTUBHOCTB, MOBBILICHHYIO 32 CUET AIEKTPONOPALT
3JI0Ka4€CTBEHHBIX KJIETOK [63].

MarauTtHoe 1moJe TakyKe MMeeT ITPEHMYIIIeCTBa 110
CBOEMY BO3JICHCTBHUIO M OE30MACHOCTH JIJIsl OpraHu3Ma,
YTO JIEJIaeT €r0 MEepPCHEKTUBHBIM AJII COBMECTHOTO
npumenenus ¢ GIT. OxHoOl U3 OCHOBHBIX MTPOOIEM
OJT smisiercst HeHanpaBieHHOe HakorieHne OC B
OITYXOJIEBBIX KJIETKAX, YTO TIPUBOJUT K TOKCHUECKOMY
BO3/IEHCTBUIO Ha HOpPMaJIbHBIE KJIETKH BOKPYT OITyXO-
nu. buocoBmecTumble cynepnapaMarHuTHbIC HAHOMa-
Tepuabl yCUIMBAKOT HapaBiieHHOE HakomieHue OC
B OTTYXOJTH TIO/] BO3/ICHCTBHEM BHEIIHEr0 MAarHUTHOTO
nonst. [Ipeumymecrso O/T, ucnons3yroueit Mar-
HUTHOE TI0JIe, 3aKIII0YaeTcs B OBICTPON KOHIEHTpa-
UM MarHUTHOTO HaHOMAaTepuaja W ero J0CTaBKe B
IIEJIEBYIO CPEy, IPU STOM TpeOyeTcsl MeHbINas 103a
W3JIyYeHUs JIJIsl JOCTIOKEHUs kemaemMoro s dekra.
Haubonee pacnpocTpaHeHHBIME HaHOMaTepHajlaMu
Jutst O[T ¢ MAarHUTHBIM TTOJIEM SIBIISFOTCS (PyHKIIMOHA-
TU3UPOBaHHBIE CyllepIiapaMarHUTHbIE HAHOYACTHIIBI
okcupa xenesa (SPIONPs), takue kak Fe,O,. Oty Ha-
HOMaTepHuaJbl 00J1a1al0T MPEUMYILEeCTBAMHU, TAKUMHU
KaK BBICOKasi OMOCOBMECTHUMOCTb, (PYHKIIMOHATIbHAS
MTOBEPXHOCTh, HU3Kasi TOKCUIHOCTH U 3(h(DEeKTUBHBIH
cyrieprapamMarHeTH3M.

0.J. Fakayode et al. [64] nmpoBenu OLEHKY yCH-
nenust MarHUTHBIM T1oseM 3¢ dextuBHoctu OUAT ¢
MCIIOJIb30BaHWEM HOBOTO HaHOIIperapara MmpH BO3-
JIEHCTBUH Ha KJIETKH paka MOJIOUHOH skene3st MCF-7.
Hanomnpenapar neMoHCTpUpOBai MPEBOCXOJHOE
CHHEE U KpacHOE M3JTyYeHHE P YIBTPadUOICTOBOM
(380 aM) 1 BuUMOM (430 HM) OOITYYEHHUH M XOPOIIIO
YCBaMBAJICS KJICTKAMH 0€3 KaKOW-THO0 CyIIIeCTBEHHOM
TEMHOBOH ITUTOTOKCUYHOCTH uepe3 24 4 1mocie HHKY-
Oanmu. Oj1HaKo TOcie BO3IeCTBHA Ha KIIETKH CBETa
B TEUCHUE MPUMEPHO 15 MUH HaOMI01a1aCh BBICOKAs
CKOPOCTB THOENH KJIIETOK, HaXOIAIIasiCs B TIPSIMOA 3a-
BHCHUMOCTH OT J103bI Mpenapata. Kpome Toro, KieTkwu,
MOJIBEPTIINECs BO3/ICHCTBUIO BHEIITHETO MAarHUTHOTO
TIOJISL, IPOSIBIISUTN ©0Jiee BEICOKYIO (POTOTOKCHYHOCTB,
4yeM KIJIETKH, He IOJIBepriIrecs: Bo3lnercTBrio. Pe-
3yIIBTaThl MCCIEOBAHUS CBUAECTEIHCTBYIOT O TEp-
CIIEKTUBHOCTH MTPUMEHEHUS JIEKApCTBEHHON (POpMBI
HaHOMOP(QUPHUHOB NpU KoMOuHUpoBaHHOU DT ¢
KCIIOJIb30BaHMEM MAarHUTHOTO OIS [64].
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3akiiiouenue

B pabote nmpencraBieHbl pa3iIHyHbIC BHJIBI H3ITY-
YyeHUs1, KoTopble B coueTanuu ¢ /1T MoryT noBeICUTH
3¢ (eKTUBHOCTD €€ MPUMEHEHUS B JICUCHUH OIyXO-
JICBBIX U TPEIOIYXO0JIEBbIX 3a00JICBAHMIA, TIPEOJI0JICB
HMMEIOIINECS HA TAHHBII MOMEHT HEKOTOPBIE OTpaHu-
YEHHSI TON TEXHOJIOTHH, TAaKHe KaK He3HAYUTeIbHAas
TTyOWMHA TIPOHUKHOBEHHUS CBETa B OHMOJIOTHUYECKUE
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r’EHHAA MHXEHEPUA B OHKOJIOI W,
OCHOBAHHAA HA TEXHOJIOIN'MU CRISPR-CAS9

A.L. NMonaTtoBa'?, A.H0. MagamuHoB?, A.B. CaBkuH?, [1.A. U6parnmoBa?

"PecnybnuKkaHCKuin LeHTP AETCKON OHKOMOMMW, remMaTonoruy 1 KNMMHUYECKOM MMMYHOMOrn
Y36ekuctan, 100115, r. TawkeHT, yn. ApHacan, 28

2TaLLKEeHTCK1I rocyaapCTBEHHbI CTOMATONOrMYECKUA UHCTUTYT

Y36ekuctan, 100047, r. TawkeHT, yn. Maxtymkynu, 103

AHHOTauuA

Lienb nccnepoBaHus — aHanu3 CoBpEMEHHbIX Hay4HbIX AaHHbIX, MOCBALLEHHbLIX MOMNEKYNSPHBIM MEXaHWU3MaM
cuctembl CRISPR-Cas9 B pefakTMpoBaHum reHoB, NpenMyLLecTBam U HegocTaTkam B UCCIe0BaHNsSIX paka
1 paspaboTke HOBbIX MeTofoB NeveHnsi. MaTepuan u metogbl. KOMMNNEKCHbIN 3MEKTPOHHbIA MOUCK COOT-
BETCTBYHOLLMX NyOrnvkauuii npoBeaeH B HayYHbIx 6a3ax aaHHbix PubMed/MEDLINE, ScienceDirect, Wiley n
Google Scholar 3a nepuopg ¢ 2014 no 2024 r. Mowuck 6bin aganTUPoOBaH K KOHKPETHbIM TpeboBaHUSAM Kaxaow
6asbl faHHbIX Ha OCHOBe creaytwmx kroyveBblix cnos: CRISPR-Cas9, sgPHK, penaktupoBaHue reHoma,
ummyHoTepanusa paka, CAR-T. B pesynsrate noucka 6biro HangeHo 487 nybnvkauumin no MHTEpecyoLen
Teme, 13 KoTopbiX 54 ObINM MCNoOnNb3oBaHbl AN HanucaHust nTepatypHoro ob3opa. Kpome Toro, B cTaThbe
[OMCKPETHO NnoayepkmBatoTcs BaHOCTb 1 npobnemMbl CRISPR-Cas9 npu npon3BOACTBE reHHO-NHXEHEPHbIX
T-KNeToK Ans UX NOTEHLNanbLHOro UCMOoSIb30BaHNUs MPU NEYEeHUN OnpeaerneHHbIX TUMoB paka. PesynbTaThbl.
CAR-T (T-kneTka ¢ XUMepHbIM aHTUrEHHbIM PELLENTOPOM)-TEpanus LUMPOKO NCMOMb3yeTCH B KAYECTBE OQHOIO
N3 OCHOBHbIX KOMMOHEHTOB MMMYHOTEPANUX MPU NEeYEHUN NeNKeMun, NMMQOMbI U HEKOTOPBIX COMUAHBLIX
onyxornew. PaspaboTka 3anporpamMmmmpoBaHHbix Hanpaensowmx PHK (sgPHK) n HoBbix Mogmndurkaumii 6enka
Cas9 nossonuna caenatb TexHonoruto rmbkon n yHmeepcansHon. CRISPR-Cas9 vacTo ucnonb3yetcsa ans
moamdmkaumm T- u NK-KneTok ¢ MOMOLLIbI0 KOHCTPYKLMM @HTUTEHHbIX PELLENTOPOB AN YMYyYLIEHUS UX CEeH-
COPHbIX Lienew CroXHow OyHKLMOHANbHOCTM, CNOCOBHbLIX pacrno3HaBaTh U YHUHTOXaTb OMyXOneBble KMETKN.
Mpun aTom poctaBka rotoBoro puboHykneonpotenHooro (Cas9+sgPHK) komnnekca B KneTky no3sonsiet
n3bexarb KOHCTUTYTMBHBIX NMPOLIECCOB TPAHCKPUMNUUM U TpaHCnsAaumMu, 4To obecnevmBaeT MakcuMarbHO
ObICTPOE pefakTUpoBaHue reHoB. 3akntoveHune. B 0630pe paccMoTpeHbl HayYHble JaHHbIe, MoAYEepPKMBato-
Lwme MHoroobellatoee BnvsiHne TexHonormn CRISPR Ha uccrnegoBaHust n nedverne paka. CRISPR-Cas9
CYMTAETCs YHUKanNbHOM U 3(pEKTUBHON TEXHOMNOrMER B 06NacTu reHHoM 1 GMOMONEKYNSAPHON UHXEHEPUN.

KnroueBble cnoBa: CRISPR-Cas9, sgPHK, [JHK, pepaktupoBaHue reHoma, pak, CAR-T.

GENETIC ENGINEERING IN ONCOLOGY
BASED ON CRISPR-CAS9 TECHNOLOGY

D.Sh. Polatova'?, A.Yu. Madaminov? A.V. Savkin?, D.A. Ibragimova?

'Republican Center for Pediatric Oncology, Hematology and Clinical Immunology
28, Arnasay St., Tashkent, 100115, Uzbekistan

2Tashkent State Dental Institute

103, Makhtumkuli St., Tashkent, 100047, Uzbekistan

Abstract
Purpose of the study: analysis of modern scientific data on the molecular mechanisms of the CRISPR-Cas9

system in gene editing, advantages and disadvantages in cancer research and the development of new
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treatment methods. Material and Methods. A comprehensive electronic search of relevant published studies
was conducted in the scientific databases PubMed/MEDLINE, ScienceDirect, Wiley and Google Scholar
published between 2014 and 2024. The search was tailored to the specific requirements of each database
based on the following keywords: CRISPR-Cas9, sgRNA, genome editing, cancer immunotherapy, CAR-T.
The search yielded 487 studies on the topic of interest, of which 54 were used to write the literature review.
Additionally, the article discretely highlights the importance and challenges of CRISPR-Cas9 in the production of
genetically engineered T cells for potential use in treating certain types of cancer. Results. Accordingly, CAR-T
(chimeric antigen receptor T-cell) therapy is widely used as one of the main components of immunotherapy
in the treatment of leukemia, lymphoma and some solid tumors. The development of programmed single
guide RNAs (sgRNAs) and new modifications of the Cas9 protein has made the technology flexible and
universal. CRISPR-Cas9 is often used to modify T and NK cells by designing antigen receptors to improve
their sensory circuits with complex functionality capable of recognizing and killing tumor cells. At the same
time, delivery of the finished ribonucleoprotein (Cas9+sgRNA) complex into the cell avoids the constitutive
processes of transcription and translation, which ensures the fastest possible gene editing. Conclusion. In
this review, we reviewed the scientific evidence highlighting the promising impact of CRISPR technologies in
cancer research and treatment. CRISPR-Cas9 is considered a unique and effective technology in the field

of genetic and biomolecular engineering.

Key words: CRISPR-Cas9, sgRNA, DNA, genome editing, cancer, CAR-T.

Beenenne

ITo ouenkam BO3, B 2050 r. oxkuaercs yBenuue-
HUE KOJIMYECTBA BIIEPBBIC BBISIBIICHHBIX 3JI0KaUECTBEH-
HBIX HOBooOpaszoBanwmii (3HO) na 77 % 1o cpaBHEHHIO
¢ 2022 1. [1]. Bopsba co 370Ka4ECTBEHHBIMH OITY-
XOJISIMU SIBJISIETCS TVI00QJIBHOM MPOOJIeMOid, KOTopast
TpeOyeT HOBBIX cTpaTeruii sedenus. J. lllapnanTbe
n Jx. Jlaynaa ynoctoenst HobeneBckoit mpemun 1mo
xumun 2020 1. 3a pa3pabOTKy METoAa PenaKTHPOBa-
Hus reHoma ¢ rmomotnbio cucteMbl CRISPR-Cas9 [2].
[lepen MHOTMMM y4E€HBIMHM BCTAIH BOIIPOCHI O TOM,
KaK U3MEHUT 3Ta CHCTEMa I'eHOM YeI0BeKa, KOTOPBIi
chopmupoBasncs B pesyabTare dBoionuu. OIHAKO
ABTOPBI OTKPBITHS CYUTAIOT IIeJIECO00Pa3HBIM pelaK-
TUPOBAaHHE T€HOMa COMAaTHYECKHX KJIETOK IO Mepe
HEOOXOAMMOCTH B KOHKPETHBIX UCCIIEIOBAHUSIX, a HE
TTOJIOBBIX KJIETOK. XOTS CTIOPaTUIeCcKOe pacipocTpa-
nenne cucteMbl CRISPR-Cas B MukpobuoTax mpen-
[10JIaraeT, YTO OHA MOJBEprajlach TOPU3OHTAILHOMY
IepeHocy reHoB B npouecce ¢uiorenesa [3].

Cucrema CRISPR (ximacTepn3zoBaHHBIE PETYIISIPHO
PpacToNoKeHHBIE KOPOTKHUE TATMHIPOMHBIE TTIOBTOPHI,
Clustered Regularly Interspaced Short Palindromic
Repeats) chopmupoBanach B pe3yasraTe 3BOJIIOLU-
OHHOTO Pa3BUTHS MPOKAPHOT (OAKTEpUH U apXen) U
MIPECTABISAET COOOH MEXaHU3M 3aIIUTHI OT Uy>KEPOI-
ot JIHK BupyCOB U T1a3MuI, TeHEPUPYIOMIHUXCS 32
CueT akTuBaluu onpenenaeHHbx pogos PHK. dynk-
nuoHanbHas acconmanusa oenka 9 (Cas9, CRISPR-
associated protein 9), uneHa cemelicTBa OEIKOB C
pecTpukTazHoit aktuBHOCTEIO, ¢ CRISPR npuBoaut
nByxuenoueunbiM paspbeiBam JJHK Ha ypoBHe cneru-
(bmdeckrx HyKIICOTHTHBIX ITOCIIEIOBATEIBHOCTEH (T.H.
nporoctmeticepsr). CiaenoBaTeIbHO, BEICOKOIIPOM3BO-
nuTenbHbIe TeHeTndeckue ManeBpbl CRISPR-Cas9 B
penaxktupoBanuu J{HK crenepupoBamu MOLTHBINA HM-
IYJIbC UCCIIEIOBAHMSIM U pa3paboTKaM OHOIOTHIECKUX
METOIOB JieueHus paka [4]. TpaHchaaus TeXHOIOTHN
TeHHON WH)KEHEPUH B METUITMHCKYIO OHKOJOTHIO U
YCIEXH B FTeHETHYECKUX MaHUIMYJSAIUAX C UCTIONIB30-
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BaHueM cucteMbl CRISPR-Cas9 B sykapuornueckux
KJIETKaX MPUBEITN K CO31aHII0 (P PEKTUBHBIX UMMYHO-
Y TapreTHBIX MPENapaToB MPU pake, pePpakTepHOM K
CTaHJIapTHBIM METO/1aM JieueHus. B HacTosee Bpems
3Ta cuctema 3(P(HEKTUBHO UCIIONB3YETCSI B UMMYHO-
Tepaluy paka, BKI04Yas MOAU(GUKALNIO aJal TUBHBIX
T-KJI€TOK M eCTEeCTBEHHBIX KHJIJIEPOB MPOTHUB OITy-
XOJIEBBIX KJIETOK, BBIPAOOTKY aHTHTEIN, CTUMYJISILIUIO
CEKpeLUH IUTOKMHOB 1 MHTMOUPOBAHNE aKTUBHOCTH
MMMYHHBIX KOHTPOJIbHBIX Touek. Hanpumep, ceropns
CAR-T (chimeric antigen receptor T cells, T-kneTku ¢
XUMEPHBIM aHTHUTCHHBIM PELETITOPOM)-TEpaIHsl -
POKO HCIIONBb3YETCS B KAYECTBE OHOTO U3 OCHOBHBIX
KOMIIOHEHTOB UMMYHOTEPAINHU IIPU JICUCHUH JICIKe-
MHUH, JTAM(OMBI U HEKOTOPBIX CONHUIHBIX OITyXOJeH
[5]. CRISPR-Cas9 mpeB3o1ien apyrue CUCTEMBI pe-
JAKTHPOBaHMS T€HOMA O CIESIYIONIMM apaMeTpaM:
CRISPR-Cas9 pacno3HaeT KOMIUIEMEHTAPHBIA CalT
JHK nocpenctsom B3aumopeiictsuss PHK-JIHK;
JIETKO MPOEKTHPYETCS; MPUBOIUT K OoJiee BHICOKOU
cnenrGuIHOCTH U YPPEKTUBHOCTH; 00ECIICUHBAET
IpOCTON croco0 MaHUIYJIUPOBAHUS HECKOJBKHMHU
JHK-MummeHsMu omHOBpEMEHHO (BBICOKOA(D(PEeKTHB-
HO€ MYJIBTUIUIEKCUPOBAHNE); SBISAETCS SKOHOMUYHOM
TexHosorueit [6]. MccnenoBanus, HampaBiICHHbBIC
Ha JalbHellIee n3ydeHne MOTEeHIHANa CUCTEMbl
CRISPR-Cas9, npenocTaBuian y4eHBIM MTOHUMAaHHE
MUKpookpyxkeHust 3HO 1 BO3MOKXHOCTH CO3/1aHUS MO-
JUQHUIUPOBAHHBIX KIETOK, KOTOPBIE CYMTAIOTCS BaXK-
HBIMH JIBIKYIIUMH CHJIaMH UMMYHOTEpAIUH. XOTs
cucteMa CRISPR-Cas9 sBisteTcst HOBOM TEXHOJIOTHEH,
B HACTOSIIIEE BPEMS OHA CTAHOBHUTCS OOIIETTPUHSATHIM
1a0b0paTOpHBIM METOIOM PEAaKTUPOBAHUS TCHOB.
Opnako tpancnsauusa TexHosnorun CRISPR-Cas9 B
KJIMHAYECKYIO IPAKTHKY CTAJIKUBACTCS C HEKOTOPHI-
MU CEpbEe3HBIMHU IIPOOIEMaMH, KOTOPbIE MELIAIOT el
OBITh YCHIEIIHBIM TEPANIeBTUYECKUM TOIXOIOM. DTH
OPEMSITCTBUS BKIIIOYAIOT, HO HE OrPaHUYUBAIOTCS,
cieAyromue npoodiieMbl: HEleJleBble N3MEHEHHUS,
HEJ0CTAaTOYHAsl CIEeUM(PUIHOCTb, HEHAAEKHAs J0-
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CTaBKa, HEOXKUAHHBIE JISICIIUU U CJIOKHBIE TEHOM-
HbIE TIEPECTPOUKH B OTPEHAKTHPOBAHHBIX KJIETKAX,
FeHOTOKCUYHOCTh, IMMYHOTEHHOCTh Oenka Cas9 u
CRISPR-Cas9 mMoryT nposiBiIsiTE CBOIO CIIOCOOHOCTb
PENaKTHPOBAHMSI TEHOMA TOJILKO TIPH HAWYHUH HY-
KJICOTHIHOM nocienoBarensHocT PAM (protospacer
adjacent motif, cMEeXHBII MOTHB TpOTOCIICiicepa)
(5'-NGG-3") [7].

B nmannom 0030pe 00CyXIaroTcsi NpUMEHEHUE U
npobmemsr Texaomorun CRISPR-Cas9 B uccnemosa-
HUAX W JICYCHUU paKa, JOCTHKCHUA U TIECPCIICKTHUBbBI
MMPOABUIKCHUA HOBBIX NHKCHUPOBAHHBIX KJICTOYHBIX U
CyOKJIETOUHBIX TePalleBTHIECKUX CPENICTB 3a Tpe/iesia-
MH HMMYHOOHKOJIOTHH. AHAITM3UPYIOTCSI COBPEMEHHBIE
MoJeKyIsipHbIe MexaHn3MbI cTpaterun CRISPR-Cas9 B
PCaAaKTUPOBAHUHN I'CHOB, IPEUMYIICCTBA U HEAOCTATKN
B HCCIICIOBAHUSX PaKa U pa3pabOTKe HOBBIX METO/IOB
nedenust. Kpome Toro, Ml QoKycHpyeMcst Ha BAXKHOCTH
u pobmemax CRISPR-Cas9 B mpon3BojicTBE TCHETH-
YECKHU MO):[I/I(bI/I]_[I/IpOBaHHI)IX T-xeTox JJIs1 ITIOTCHITU-
AJIbHOT'O UCTIOJIB30BAHUS MPU JICUCHU N ONIPCACIICHHBIX
TUTIOB paka. KOMITIEKCHBIH 37IeKTPOHHBIH TOUCK COOT-
BETCTBYIOIINX ITyOIUKAINI OBLT TPOBE/IEH B HAYIHBIX
6azax manneix PubMed/MEDLINE, ScienceDirect,
Wiley u Google Scholar 3a nepuon ¢ 2014 o 2024 1.
[Nownck ananTupoBaH K KOHKPETHBIM TPEOOBAHUSIM K-
JI0H 0a3bl TaHHBIX HA OCHOBE CIIEAYIOMINX KITFOUEBBIX
cioB: CRISPR-Cas9, sgPHK, JIHK, pexaktupoBanue
resoma, pak, CAR-T.

Koncrpyuposanue cucrembl CRISPR-Cas9

Cnocobnocts JIHK BocCcTaHaBIMBATHCS MOCIIE
JBYXIIEMIOYCUHBIX Pa3pPbIBOB MO3BOJISIET TEHETUYCCKU
Manunyauposats cucremoii CRISPR-Cas9. CRISPR-
Cas9 mpencraBnsieT co00i aganTHBHBIA MOTYIb
pPEIAaKTUPOBAHUS T€HOB, UMEIOIINNA MPEUMYIIEeCTBA
nepes] IPyruMy TEXHOJIOTHSIMHU, TAKUMH KaK UHTEp-
tdepenmss PHK (RNAI), addexkropHbIe HyKII€as3bl,
rono6ubIe akTHBaropaMm Tpanckpuniuu (TALENS),
1 HyKJIea3bl IUHKOBLIX manbieB (ZFNs) [8]. Ha ca-
moM nienie, CRISPR-Cas9 nosiBnsieTcs: B mpupoje Kak
JKU3HEHHO Ba)kKHass MMMYHHAs CHCTEMa MPOKapHOT,
MPUCTIOCOOIEHHASA PACIICIIIATD YYKEPOJHYIO WIIH
sropratoutytocs [IHK Bupyca [9]. [IpokaproTs! cripa-
BEJTUBO UHTETPUPYIOT B CBOW T€HOM OIPE/ICIICHHBIC
CEerMEeHTHl BUPYCHOTO TeHOMa (IIpOTOCTelCcepsl),
BHEJIPUBIINECS B IIUTO30JIb, B KAYECTBE MOJIEKYIISIP-
HO ITaMSITH, 9TO TIO3BOJISIET C(HOPMUPOBATEH OBICTPYIO
3AIUTHYIO PEAKIIUIO MIPH MOCICAYIONIEM 3aPAKCHUH
STUM BUpYycOM. MHTerpupoBaHHasl BUPYCHAs MOCe-
JIOBaTEILHOCTH (cIieiicep) 3aTeM TPaHCKPUOUPYETCs C
obpazoBarneM CRISPR PHK (crPHK)  moGmmmzyet-
Cs1 B KQU€CTBE KOMIUIEMEHTAPHOTO 30Ha JJIs1 00HApY-
JKeHUS nocnenoBareabHocT PAM Bo BTOpraroecs
JHK, kotopasi, B CBOIO O4epeilb, OMpenesieT crel-
ndudeckuit calT pacIieTUIeHus I SHIOHYKIICa3bl
Cas9 [10]. Takum o6pazom, cuctrema CPISPR-Cas9,
OPUEHTUPOBAHHAS HA MOJICKYJISIPHYIO 3aIIUTY MTPOKa-
PHOT, IIUPOKO MCIIONB3YETCsI B TCHOMHOIN HHXCHEPHH,
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KOTOpasi B TIOCJIeTHEE BpeMs OBICTPO HHTETPUPYETCS
¢ MEAUIIMHCKON oHKonorueit [11, 12].

OnHaxo ucciienoBaTey pa3padboTany Harpasisio-
nryto PHK (guide [g] PHK) B kauecTBe cKycCcTBEHHOM
3aMeHbl 2HA0TeHHOro komiuiekca crPHK mis pac-
MO3HABaHMS 11€JIEBOT0 HYKJICOTHAA C MOCIEAYIOIeH
akTUBHOCTHIO HyKJIea3bl Cas9. Kpome Toro, y CRISPR
npeobsaiaeT MOTEHINAI [Tl MYJIBTUILIEKCUPOBAHHS
HECKOJIbKUX Te€HOB-MHIIEHEH, MPOTpaMMHUPOBAHNUS
gPHK u mpocToThl 10CTaBKM in vivo ¢ HU3KOW LU-
toTokcuyHOCThIO [13]. CRISPR-Cas9 moxHO pac-
cmatpuBarh kak PHK-ympasisemyto sHaonykieasy
(RGEN, RNA-guided endonuclease), koTopast BKITO-
yaeT B ce0s pacrio3HaBaHue CIICUPHUISCKUX KOPOT-
KUX mociienoBaTenpHocTeii-mMumeneit (~20 m.H.).
PAM, nyxiieoTuHast OCIEI0BATENLHOCTD U3 2—06 map
OCHOBaHUii, 04eHb BaykHO, uT00BI gPHK y3Hana ceon
IIeJIeBBIE HYKJIEOTH/IbI, 32 KOTOPBIMHU CIIEAYET PEKPY-
tupoBanue 6enka Cas9. I1pu atom gPHK Hanpapmnsier
3aBepOoBanHbii Cas9 uepes ero crneuuduueckue
MOCJIEI0BaTEIbHOCTH, CBSI3aHHBIE C TPAHCAKTHBH-
pytomreit crRNA (tracrPHK). ITyrem dhopmupoBanus
ruopuaa crPHK u tracrPHK (Takxe HaspiBacMOi
MIOCJIEZI0BATENILHOCTHIO OJMHOYHON HampaBisIonei
PHK, sgPHK [single guide]) cucrema CRISPR-Cas
MOKET HampaBiATh pepMeHT Cas9 Ha THOPUAM3AITUIO
¢ omnpeaeneHHbIMU nocaenoBarenpbHocTaMu JJHK
U BBOJAMTH JIByXIEMOYEUHBIE Pa3pbIBbI C MOMOIIBIO
creiicepa (puc. 1). CszpiBanue su10reHHbIX crPHK
u tracPHK nocpeicTBoOM JTMHKEPHBIX MOCIIEI0BATEb-
Hocreii (Linkerloop) obecrieunBaeT oOpa3oBaHue e/1u-
HOW UCKYCCTBEHHOH OJIMTOHYKJIEOTUIHOU CTPYKTYPBI,
BBINOJIHAOLIEN poib Hanpasisitomeit PHK [14].

tracrPHK I
crPHK I

Puc. 1. YnpaBnsiembln puboHyKNeonpoTeMHOBBIN KOMMMAEKC AN
pacnosHaBaHus 1 paspbiBa Leneson nocrnegosatensHocTy JHK
(gPHK, ogHOKOMMOHEHTHas 3anporpaMmMUpoBaHHas HanpaBersio-
wasa PHK; crRNA, CRISPR PHK; tracrRNA, TpaHcakTusupyowias
crPHK; PAM, cmexHbI MOTMB npoTocneincepa; Linker loop, nuH-
KepHas netns). MpumMeyaHue: pUCcyHOK BbINOMHEH aBTOpamMu
Fig. 1. Aregulated ribonucleoprotein complex for recognizing and
breaking the target DNA sequence (gRNA, single-component
programmed guide RNA; crRNA, CRISPR RNA; tracrRNA,
transactivating crRNA; PAM, protospacer adjacent motif).
Note: created by the authors
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[Ipu Bzaumopeiicteun sgPHK ¢ JIHK-mumensto
oenox Cas9 (3HI0HYKII€a3a PECTPUKIINN) TEHEPUPY-
€T ABYXIEMOYEUHBI pa3pblB U3 TPEX HYKICOTHIOB
BBIIIE TocienoBarenbHocTd PAM (puc. 1). PAM
Mpe/ICTaBIseT co00ii mocnenoBareabHoCTh 5S'-NGG-3',
rae «N» — 3To M000e a30THCTOe OCHOBAHHE, 32 KO-
TOPBIM CIIEIYIOT JBa a30THCTHIX OCHOBAHUS T'yaHHHA
(«G»). Hanpasastomue PHK moryT TpancnopTu-
poBarh Cas9 Ha MHOTHE KOMILJIEMEHTApPHBIE CAThI
B IeHOME, HO HUKAKO€ PEelaKTUPOBAHHE HE CMOXKET
npousoiitu, ecnu Cas9 He pacmozHaeT cait PAM.
B uneane penapanus JIHK B kileTke MOXET npouc-
XOJIUTh OCPEICTBOM HETOMOJIOTMYHOTO COEINHEHUS
koHuoB (NHEJ)-onocpenosannoro nmytu JJHK wnn
nocpeactsoM penapanuu JIHK, nanpaBienHol mo
romonoruu (HDR) [15]. IIpsiMoe coennHeHne nByX
OJTHOLIETIOYEYHBIX KOHIIOB B MEXaHU3MeE pernapariuu
NHEJ npuBomuT K HEOOIBIINM CITyYaifHBIM MY TaLlUsIM
BcTaBKH Win Jeneruu (indels), KoTopble B KOHEYHOM
WTOTE CIIOCOOCTBYIOT MOJTYAHHUIO COOTBETCTBYIOIIETO
rena (knock-out). HDR wucnons3yer komruieMeHTap-
uole nocnenoparenbHoctu JJHK B romonornunoi
Marpuie ais renepanuu penapauuu JIHK, ¢ nomo-
ITBI0 KOTOPOH KOHKPETHBIH T€H MOYKET OBITH CO3/IaH
(knock-in) myTem TpaHCIO3UIIMH KOHCTPYKTYPHPO-
BaHHBIX OfHOIENoueuHbIX (parmento JIHK [16].
ITockonbky HanenuBanue cucteMbl CRISPR ocHOBaHO
Ha (hOpMHUPOBAHUH KOMITIIEKCa OSITOK/pUOOHYKIICOTHI,
€€ MOJKHO HCTIOJIb30BAaTh /IS JIFOOBIX TeHOMHBIX IIeJIeH
ITyTE€M CO3/1aHUs PA3JINYHBIX CTPYKTYPHBIX BapuaIiii
gPHK [11]. Ilpsamas nocraBka PHK, xogupytomeit
oenok Cas, u crieruduaeckoit gPHK B kietky ere
Oomnpire noBemaet 3 dpextTnBHOCTH crcteMbl CRISPR
MIpH pelaKTUPOBAHNU KOHKPETHBIX T€HOB, TEM CAMbIM
MIpeoI0JIeBas MPEMATCTBUS U TPYAHOCTH, CBA3aHHbIE
C aIPUOPHBIMU METOJIaMH, OCHOBAaHHBIMHU Ha CHCTEME
pemnapariy TOMOJIOTHYHOH pekomOuHanmu [17].

CRISPR-Cas9 B ucciie10Banuu

U JIeYeHUH paKa

PakoBble KJIETKH B OCHOBHOM XapaKTEPHU3YHOTCS
pazmuusbiMu MyTanusaMu JJTHK, kotopele npoBouupy-
FOT HECTaOMIIBHOCTh FeHOMA U HApYIIICHUE PETYIISIIUN
MEXaHU3MOB KJIETOUHOTO AejeHus. B Hacrosee
BpeMsi HanboJiee W3BECTHBIMH MYTAallMOHHBIMU W3-
MEHEHHUSIMHA SIBJIISIOTCS MHAKTUBAnus reHa TP53 u
aKkTuBanus reHa RAS BCIEICTBUE MUCCEHC-MYTAIIUM.
Bonee 50 % Bcex nepsuunbix 3HO yenoBeka cBA3aHbI
¢ mytauusamu resa TP53 [18] u npumepno 10 30 % —
¢ myramusamu reHa RAS (ocobenno KRAS) [19]. 3a
HCKJTIOUEHUEM HEaBHO O00PEHHOTO TAPTETHOTO TIpe-
napara Coropacu6a, Hanenennoro Ha KRAS (G12C)
[20], mpOAYKTHI 3TUX MYTAHTHBIX T€HOB OCTAIOTCS
HauboIee TPYTHBIMHU U O€3yCTIETITHRIMI MUTIICHSIMH B
TOYEYHOM Tepanuu paka. B 3ToM KOHTEKCTE TEXHOJIO-
rust CRISPR-Cas9 ncnonb3oBanach AJis U3y4CHUS U3~
BECTHBIX T'€HOB, BBI3BIBAIOIIUX PAK, TAKUX KaK TP53 u
KRAS, v U151 BBISIBIICHUS HOBBIX OTBETCTBEHHBIX T'€HOB.
Ncnonp3oBanne CRISPR ams nHaKTHBAINH OHKOTEHA
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KRAS Ha MBIIIMHOW MOJIENHN paka JIETKUX 0Ka3ajoch
BecbMa 3dexTuBHBIM [21]. OOnanast STUMHU 3HAHUSI-
MH, HCCJICIOBATEIHN MOTYT pa3padaTbIBaTh TApIe€THHIC
METO/IBI JIEYSHNSI MyTaHTHBIX T€HOB U ITPEOTBPAIIATH
nporpeccuposanue paka. CRISPR-Cas9 npenocras-
JsieT OecnpereIeHTHbIC BO3MOKHOCTH [Tl HMUTALIN
CTPYKTYPHO a0eppaHTHBIX XPOMOCOM, HAOIIOAAEMbIX
TIPH paKe y TeHETUYECKH MOTU(PUITIPOBAHHBIX MBIIIEH,
KOTOpBbIE paHee ObLIO TPYIHO MOJECIUPOBATh. JTOT
noaxoz, ocHoBaHHbIN Ha CRISPR-unnynmpoBanHbIX
nByxuenodeyHsix paspeiBax JHK u nocnenyromeit
pemnaparuu dHIOoTeHHBIMU cucTtemMamMu NHEJ/HDR,
MO3BOJISIET OTHOCHUTEIBHO IPOCTO BCTABIATH HITH y/ia-
15t parmentsl JIHK pasHbix pasmMepoB He TOJBKO
B I'€HOME MBIIIIU, HO U B IeHOME 4elioBeka [15, 22].
Kpome Toro, cucrema CRISPR-Cas9 Takxxke nUCIONb-
3yercs JUIsl HHAYKIUHA U U3yYeHHsT MyTaIuil OEJIKoB,
KOTOpBI€ BBI3BIBAIOT YCTOMUMBOCTH K JEKapCTBaM U
CHIKAIOT X (hapMaKoJIOTHYECKYI0 aKTUBHOCTb. CTpa-
terus Drug Target SeqR, pazpaborannas st moncka
(hM3MOTOTNYECKUX MUIIICHEH /TS IEKApCTB, BKITIOUAET
B ce0s1 coueTaHne BICOKOIPOU3BOUTEILHOTO CEKBE-
HUPOBaHMs M PEAAKTHPOBAHUS T€HOMA C MOMOIIBIO
CRISPR-Cas9 [23, 24].

B Hactosiliee Bpems s peJakTUPOBAHUS COOT-
BETCTBYIOILINX I'€HOB-MHUILICHEH HCIIONB3YETCs eIUH-
crBeHHas Hanpasistomas PHK (sgRNA), cocrosimas
u3 17-20 HYKICOTHIOB, KOTOpasi oOpasyercs ImyTeM
murupoBanus crPHK (HanenuBaromas mocienosa-
tenpHOCTR) U tractPHK (pexpytupytomas Hykieasa
Cas9). Hykneasza Cas9 pacmieruisieT mpuMepHO Ha
YPOBHE TPETHETO a30TUCTOTO OCHOBaHUS BhITIe PAM,
4TO TpeOyeT KOMIUIEMEHTApHOTO HEKOBAJEHTHOI'O
cBs3biBanuda SgPHK ¢ 20 nykneotuaamu, paconoxeH-
HBIMH BEITIIE TToCienoBareabHOCTH PAM (5'-NGG-3')
Ha 3'-xonne nemneBoit JIHK [12] (puc. 1). Takum 06-
pa3om, rocieaoBaresibHocTh PAM abconoTHO HeoO-
xomuma Jutd paciierienus GpochoaundpupHon cBsa3n
¢depmentom Cas9, HO HE MOXKET OBITH BKJIIOYEHA B
nocnenoBarenbHocTh SgPHK.

CKpuHHHT 00beIMHEHHON OMOIMOTEKH C HUC-
nonbs3oBaHueM CRISPR — MoIHbIi HHCTPpYMEHT [u1s
00OHapyXeHUs HOBBIX 3aBUCUMOCTEH paka Ha OCHOBE
Moxenn norepu ¢yHkimu (loss-of-functionmodel).
ILrazmuap! B atux oudnuorekax CRISPR Harenens! Ha
TBICSYM KOHKPETHBIX T'€HOB, U UX BIUSHHE Ha ONpeie-
JICHHBIH (PEHOTHUIT MOKHO BIIOCJIC/ICTBUH HU3YyUYUThH B
Pa3IuuHbIX ycIO0BUSX. [IepBbIM 11arom siBisieTcs JieH-
TH- WIN peTpoBUpycHast focTaBka sgRNA B KieTkH ¢
MOCTIECAYIOUIMM OTOOPOM K OTIPE/ICIICHHBIM YCIIOBHIM
pocra 1 oroopa uHTepecyromero ¢penoruna. [locie
atoro stana JIHK BbIesI0T U3 KJIETOK U MOABEPTatoT
CEKBEHUPOBAHMIO. 3aTEM 3T JAHHBIE COTIOCTABIISAIOT-
cs ¢ oubnmuorekoit gRNA, crieruduaHoOM s reHa,
U jJajiee aHaJU3UPYIOTCS in Silico ¢ MOMOIIBIO BbI-
YHCIUTENbHBIX MOAX0M0B. 3aTeM (PEHOTUIIBI KJIETOK
U COOTBETCTBYIOILIME I'€HbI-MUILICHU CPaBHUBAIOT C
(EeHOTUTIOM H3BECTHBIX KOHTpOJIEH B OmOIMoTeke,
4TOOBI UACHTU(QHUIUPOBATH NU3MEHEHHS, BHI3BAHHBIC
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HalleJIMBAaHUEM Ha MPENCTABISIONINI UHTEPEC TEH.
Otu o0beMHEeHHBIE TOX0bI K ckpuHUHTY CRISPR
CITOCOOHBI BEISIBIIATh HOBBIC 3aBUCHMOCTH B OHKO-
reHese MmyTeM MPOBEPKH OOJIBIIOrO KOJIMYEeCTBa I0-
TEHITUAIBHBIX TCHOB U My TEH, BEAYIINX K pa3padoTke
HOBBIX METOJIOB JieueHus [25].

B monmHOM cMmBICTIE OCHOBHBIMH KOMITOHEHTaMHU
cTpareruil jedeHus: paka Ha ocHoBe CRISPR sBis-
FOTCsI CJICAYIOLINE: NHAKTUBAIIMSI OHKOT'€HOB (HAIpH-
Mep, reHoB EGFR u KRAS nipu pake nerkux) [26],
TIepernporpaMMHUPOBaHIe NMMYHHBIX KJIETOK TPOTHB
AHTUTECHOB PAKOBBIX KJIETOK (T-KJIETKH mpu remaro-
JIOTUYECKUX U COJTUAHBIX OMyX0JIsiX) [27], KoppeKuus
reHoB-cympeccopoB (BRCA I nipu pake suuHUKOB) [28]
1 IOCTaBKa TEPANEeBTUYECKUX ar€HTOB K OITyXOJIEBBIM
KJIeTKaM (OaKTepuH ¢ OTPEIaKTHPOBAHHBIM T€HOMOM
MIPOTUB KJIETOK paka MOHKETYI0UHON KeEJIe3bl, CTUMY-
nsiumst akenpeccur MEKpoPHK B kiieTkax paka meuenn)
[28, 29]. 13 sTux crpareruii Hanbosee pacupocTpa-
HEHHBIM H 3(()EKTHBHO UCIOIB3YEMBIM B KIIMHUYE-
CKOM TIPAKTHKE SIBISICTCS PEAAKTUPOBAHUE TCHOMOB
MMMYHHBIX KJIETOK, B 4aCTHOCTH T-1uMQOIUTOB, C
LIEJTBFO MOTYJTMPOBAHUS IIUTOTOKCHYECKOTO OTBETA Ha
omyxonecnenupudeckne antureHsl [30].

CRISPR-Cas9 yacto ucnonsiyercs 11 MOAU(PH-
Kauuu aytosorudHeix T- u NK-kieTok ¢ moMonipro
AHTUTEHHBIX KOHCTPYKIIMIA H XUMEPHBIX aHTHUTECHHBIX
PENenTopOoB, a TAKXKE JUIA YITyUIIeHUS X CEHCOPHBIX
Hernei ¢ MOMOIIBI0 CIIOKHOW (YHKIIMOHAILHOCTH,
CIOCOOHBIX PacIO3HABATh M YHUUYTOKATh OITyXOJICBbIC
kietku [5]. [pu stom T-nmumdonuTs! nepudepuye-
CKOM KPOBH UCTIONB3YIOTCS JUISl CO3/TaHMsI TeHETHIECKH
monupuimpoBaHHbIXx CAR-T KII€TOK, 3KCTIPECCHPYTO-
uux Tpancrennsie T-xierounsie penentopsl (TCR)
" xuMepHble aHTureHneie perentopsl (CAR) [31].
CAR-T-kneTKa KaK «KUBOE JIEKAPCTBO» UCCIEIYET-
cs yke Oosee MBYX IECATHICTHH. XOTS Pe3yIbTaThl
HUCCIEOBAHUN MOATBEPKAAIOT TEPATIEBTUUCCKYIO
a¢ppextuBHOCTE CAR-T IpOTHB HEKOTOPBIX COJH/I-
HBIX OMyXoJel, Ha JaHHbId MOMEHT HU ofuH CAR-T
He 6611 0moOpeH FDA st iedeHus COMUIHBIX OITy-
xonei. OMHUM U3 OCHOBHBIX MPEMSTCTBUN HA MyTH
ycremHoro ucnoiap3oBanus crparerun CAR-T B
JICYCHUU COIIUIHBIX OITyXOJIEH SIBIISIOTCS CIIOMHBIN
KIJIETOYHBIN COCTaB OITyXOJEBOTO MHKPOOKPYKEHUS
U JUBEpCU(UKAIUS perepTryapa omyxojecnenudu-
YECKHX aHTUTeHOB [32].

B nacrosiee BpeMsi IpOBOAUTCS] HECKOIBKO KITH-
HUYECKUX MCTIBITAHUH C MCTIOIH30BAHUEM TEXHOJIO-
run CRISPR-Cas9 ma CAR-T-xnerkax. Hampuwmep,
NCT04037566 siBnsercs nepBbIM UCCIEIOBAHUEM Ha
moasix, oneHuBarouum CD19 CAR-T-knetku ¢ otpe-
JaktupoBaHHbIM dHA0reHHBIM HPK 1 y manuenToB ¢
peranBUpyoIIel u pedpakxreproii (P/P) neitkemueit
i smMpomoii [33]. NCT04637763 — 310 KIMHU-
yeckoe uccienopanue | ¢asbl, MoCBAIICHHOE U3yUe-
HUIO BIUSHAA U Oe30macHOCTH amtoreHHeix CD19
CAR-T-x€TOK, OTPETaKTHPOBAHHBIX C MTOMOIIBIO
CRISPR [33], y nanuenToB ¢ P/P B-kieTouHoit He-
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xoILKKUHCKOM TuMpomoit. Hakoner, NCT(03545815 —
KIIMHIYecKoe uccienoBanme | pas3sl ¢ HCIoNb30BaHM-
eM CRISPR-Cas9 s vokayta PD-1 u TCR B CAR-
T-xIeTKax ¥ HapaBICHUS X HA IyYCHHE AIlICHTOB
C ME30TEJIMH-IIO3UTUBHBIMU MHOXKECTBEHHBIMH CO-
JUAHBIMU OIYXOJsIMU [34].

JoctaBka CRISPR-Cas9 B ki1eTky

JocraBka mogenu CRISPR-Cas9 in vivo cranku-
BaeTCs C Pa3NUYHBIMU MPOOIEMaMH, BKIIFOYas HU3-
Kyt 3(Q(hEKTHBHOCTE pa3pylICHHsI, HHCEPITUOHHBIN
MyTareHes, HereneBbie dPPEeKThl, TOKCUYHOCTh U
MMMYHOTC€HHOCTB. MakcuMu3auusi crieupUuHOCTH U
sdpdexruBHOCTH CRISPR-Cas9 moxuo OyneT odecrre-
YUTH 3a CUET pa3paboTKu Oojiee HAIE)KHBIX CPEICTB
JIOCTaBKH, yiy4dileHus koHcTpykuuu sgPHK u cos-
nanus HOBOM Hykieasbl Cas9 [35]. PemaktupoBanue
CAR-T-knerok ¢ CRISPR-Cas9 moxeT npeononersb
MHOTHE IPOOJIEMBI, TAKHE KaK UCTIOIF30BAHNE TOIHKO
ayTOJIOTMYHBIX T-KIIETOK, aJuIOreHHBIE peaklnu, TO-
HUYeCKasi CUTHaJIu3aus (KOHCTUTYTHBHAsS Iiepeada
CUTHAJIOB) M UCTOLIeHNE T-KJIETOK, HU3Kas IPOU3BO-
JTUTEITFHOCTh B MUKPOOKPYKEHHUH COHMIHBIX OIyXO-
neit u TokenaHocTh. Tpancdexmust CRISPR-Cas9 mis
peAaKTUPOBAaHUS MHTEPECYIOIIero TeHoMa OTpejie-
JsieTcst TpeMsl OTACIBHBIMU cTpaTerusiMu. [lepBoiii
TOJIXOJT 3aKJIF0YAETCS B UCTIOIb30BAHUH TIIa3MHTHOM
JHK, xomupyromeii 6emok Cas9 n sgPHK u3 ommoro
1 TOTO K€ BEKTOpa. Bropoil monxos xapakrepusyercs
nocraBkoi B kieTky cmec MPHK Cas9 n sgPHK. Ilo-
CIICITHSISI, TPEThSI, CTPATETHs — TPAHCPEKITHS TOTOBOTO
K HMCTIONB30BAHUIO PHOOHYKIIEOTIPOTEMHOBOTO KOM-
TIeKca, coctosiero u3 Mmonekyin o6eika Cas9 u sgPHK,
KOTOpasi OTINYAETCSA BBICOKOH CEJIEKTUBHOCTHIO IO
CPaBHEHUIO C JBYMs BBIIICHA3BAHHBIMH CHCTEMaMH
[36]. XoTs mepBasi cTparerusi JOCTaBKH, CUCTEMa
CRISPR-Cas9 Ha ocHOBe TUTa3MU, SBISIETCS IPO-
CTBIM M MPSIMBIM T1O/IX0JIOM, OHA UMEET TE€HECHIINIO
BBI3BIBATH HellesieBble MyTauuu [37]. [Ipu nonaganun
TUTa3MHUIBI B HY)KHOE SIPO OHA TOJBEPTaeTcs Mpo-
1eccaM TPAHCKPHUIIIIUN U TPAHCISANH IS dKCTIpec-
CUH KOJIUPYEMBIX OEJKOB. JTH Mpolecchl TpeOyloT
Oosbiie BpeMeHH 711 () (HEKTUBHOTO HALCTUBAHUS
Ha WHTepecyrIui reH. Yto eme 6osee BakHO, ObLIO
00HApYKEHO, UTO 3TOT (JOPMAT TOCTABKU ITPHUBOIUT
K HEOOpaTMMOMY HEIEIEBOMY CAaWTy pacIIeTIeHHs
[38]. Emre onHuM HETOCTATKOM BEKTOPOB Ha OCHOBE
TUIa3MUJL SIBISIETCSI UX OTPaHUYEHHBIA pa3Mep, 4To
CO3J1aeT MPETATCTBUS ISl IepeHOCa KPYITHBIX TEHOB.
Kpome Toro, pacrno3zHaBanue TpaHCOHUIIMPOBAHHON
tasmuHoi JIHK kak uyxepomHoro reHetniecko-
ro marepuana uukiandeckoir GMP-AMP-cunrasoi,
SIBIISTFOIICHCS IIUTO30JIBHBIM CEHCOPOM, TPUBOIUT K
Pa3BUTHIO IMMYHHOTO OTBeTa xo3auHa [39]. Bo BTO-
poii cTparerun npsimasi JoctaBka komruiekca MPHK
Cas9 u sgPHK B xiieTku-MuIeHn odecrnednBaeT 00-
pazoBanune komruiekca Cas9/sgPHK 3a cpaBHuUTEIEHO
KOPOTKO€ BpeMs, MUHYS SI/IPO, 32 CUET TPAHCIIAIIH
MPHK B nuromnnasme. XoTs 1ocTaBka Ha OCHOBE
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MPHK xapaxrepusyercs HU3KOH 4aCTOTOM HELENEBBIX
3(h()EeKTOB MO CPaBHEHUIO CO CTPATETHUSAMH JOCTABKH
mazMuHon JIHK, MPHK mMoxer nierko pazpymarbcs
BO BpeMs MpUroTOBIeHMs WK goctaBku [40]. Bre-
JICHHE B KJIETKY TOTOBOTO pUOOHYKIICOTIPOTEHHOBOTO
KOMITIEKCa MCKITIOYaeT HEOOXOIMMOCTh TPAHCKPHII-
MU U TPAHCISIHAN, 00eCTIeYrBast OTHOCUTEIHHO ObI-
CTPOE PEAAKTUPOBAHUE TEHOB 10 CPABHEHHIO C JBYMS
npeasiaynmmu noaxonamu [41]. CaenoBarensHo, STOT
TUT PEIaKTUPOBAHUS MPOUCXOIUT OUYEHBb OBICTPO, U
BCTaBKa MOXKET ITPOU3OUTH B TeueHue 3—24 1, a merpa-
naryst Oenka Cas9 B KJeTkax — MPUMEPHO B TEUEHHE
24 4 [42]. CymecTByeT HECKOJIbLKO HAHOBEKTOPOB
JUTSE TPAHCQEKIUH 71 Vifro MOJEKYJISIPHBIX MOAYJEH
CRISPR-Cas B KIIeTKH, KOTOPBIE ITPECTABIISIOT COOOM
HuteBuHbIe HaHouacTullbl JJHK, perumimposannbie
T10 MIPUHITUITY «KATSIIETOCs KOTbIAy, KATHOHHEIE JTU-
MUHBIC HAHOYACTUIIBI, HAHOYACTULIBI HA OCHOBE 30J10-
Ta U KapKachl [ICOJTUTOBBIX UMH1a30710B [43] OnHako
JICHTUBUPYCHBIC W aJICHOBUPYCHBIC BEKTOPHI YaCTO
HCIIONB3YIOTCSA 7151 J0CcTaBKU KoMmoHEeHTOB CRISPR-
Cas it renerndeckoit Mmopudukanuu T-kieTok (Ta-
Onmia). T T0CTaBKH, TO-BUANMOMY, HEI(h(DEKTHBHBI
n3-32 HU3KON d(PGEKTUBHOCTH pa3pylICHUs TCHOB,
ciaboil calT-criequpUIHON BCTaBKH M CIy4ailHOTO
HapyIlIEHUs HEKENaTeIbHbIX TeHOB [44].

CRISPR-Cas-9 npu perakTHPOBaHHUHU

renoma CAR-T

B HacTosmiee BpeMsi yHUBEpcaJbHbIE, aJJIOTEHHbIE
WM TOTOBbIE T-KJIETKH, MOJyYEHHBIE OT JIOHOPOB,
MO/ABEPralTCsl TEHETUYECKUM MAaHUIMYJISLUAM U
MOTYT HMCIIOIB30BAaThCS IS PA3HBIX MAI[MeHTOB. AJl-
norennsle T-xnetku, axcnpeccupytoue off TCR,
MOTYT pachno3HaBaTh M pa3pyllaTh KJIETKH TKaHU
PELUIINEHTA, COlepKallie pernepTyap reHeTHUeCKn
HECXOJIHBIX AHTUI'€HOB YEJIOBEUECKOTO JICHKOLIUTAP-
Horo anturena kmacca I (HLA-I), uro mpuBoaut k
COOBITHIO «TpaHCIUIAHTAT MPOTHUB XO3sHHa» [45].
bera-2-mukpornoOymun (2M) siBisieTcss OCHOBHOM
cyorenuanmiet HLA-I m urpaetr KIro4eByro poib B
pacrio3HaBanum uyxxkeponnoro HLA-I na memOpane
amorenHsix T-knetok TCR-peunentopaMu MMMYyH-
HBIMH KJeTKamMu peuunuenta [46]. CienoBarenabHo,
BeIktoueHue (knock-out) reroB TCR u HLA (v
B2M) kxak nByX BaXHEHIIMX penenTopoB T-KIETOK
¢ momotipio CRISPR-Cas9 moxeT mpuBecTr K pas-
BUTHIO TOTOBBIX CAR-T-Kk1eTOK, cBOOOIHBIX OT
PEaKINn «TPaHCIUIAHTAT MPOTHB X03siMHaY. OQHAKO
CYIIECTBYIOT PAa3HOITIACHS IO TIOBOY MPEUMYIIIECTB
ynanenus TCR. B HemaBHeM HccleOBaHUN CPaBHU-
BaJIMCh TEPANIEBTUUECKUE PE3YJIBTAThl IPUMEHEHHUS
CD19 CAR-T-kJIeTOK C yAaJE€HHBIM PEUEenTOPOM

Ta6nuual/Table

Oco6eHHocTU cTpaTeruu goctaBku cuctembl CRISPR-Cas9
Features of the CRISPR-Cas9 system delivery strategy

Cnoco6/Method Jocraka/Delivery Ipeumymecrtsa/Advantages Henocrarkn/Disadvantages
JIHK-Cas9 u DrekTpornoparus/ [Ipocroii/Simple CHOXHOCTB ¢ IEPEHOCOM IUTa3MHUIaMH B SIIPO/
sgRNA/ Electroporation Vnoous1ii/Comfortable Difficulty with plasmid transfer into the nucleus
DNA-Cas9 and MukponHbeKIHs/ CrabuibHblit/Stable DddekT 3ameTIeHust IPU PeaKTUPOBAHNH T€HOB/
sgRNA Microinjection W36eranue MynbTUTpaHCHeKInn/ Slowdown effect of gene editing
Hanouactuisr AAB/ Avoidance of multitransfection HexenarenbHble ciyyaiiHbie
AAV nanoparticles WHTETpallvs B TeHOM X03s1uHa/
Jlentusupyc/Lentivirus Undesirable random integration into the host
genome
MPHK-Cas9 n OnexTponopanust/ Hwuskast TMTOTOKCHIHOCTH/ Mynsrutpancdexius/
sgRNA/ Electroporation Low cytotoxicity Multitransfection
mRNA-Cas9 Hanowactump/ Tlepexonnoe BbIpaskeHue/ Bricoxkast paznaraemoctb
and sgRNA Nanoparticles Transitional expression MPHK/
Beictperit addext/ High mRNA degradability
Quick effect
Cas9 u sgRNA/ DnexTpornopanust/ BeicTpbiit adpext/ Menee cTaOMITbHBIN/
Cas9 and sgRNA Electroporation Quick effect Less stable
Hanouactuiisl/ Beicokast a3 hexTuBHOCTD/
Nanoparticles High efficiency

N36eranne HexenaTesbHbIX
HHTErpanun/

Avoiding unwanted integrations
Hu3kas aHTUreHHOCTD/
Low antigenicity
W3zberanne mynsTuTpaHchexnm/
Avoiding multitransfection

HpI/IMe‘{aHI/ICZ TabNuIa COCTaBICHA aBTOpaMu.

Note: created by the authors
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TCRP u CD19 CAR-T-kJIeTOK C MHTAKTHBIM pe-
rerrropoM TCRP [47]. B To BpeMs Kak BBEIKITIOUCHHE
reda TCR B CAR-T-kieTkax CHIIBHO MOIABISET
ammopeakTuBHOCTh, TCR-3kcnpeccupyromue CAR-
T-KneTKH JEMOHCTPUPYIOT BBICOKYIO MEPCUCTEHIIHNIO
1 3HAYNTENBHO YCUIIMBAIOT KOHTPOJIb HAJl JTIEHKeMUeH
in vivo. DTH NaHHbIE I03BOJISIOT IPEAIIOJIOKUTD, UTO,
HECMOTpsI Ha mpeumyinecTBa BeikiatodeHus TCR B
MPEeJOTBPAIEHUHN HEXeJIaTeJbHbIX UMMYHOJIOTH-
YECKHX PEAKIHU W B Pa3BUTUH T'OTOBBIX T-KIIETOK,
BBICOKOCEJICKTHBHBIX K OITyXoJieBoMy anTureny CD19,
npucyrcrre dHA0reHHBIX TCR MoxkeT ObITh JTyHlie
JUTSL JUTNTEJIBHOTO BEDKUBAHUS T-KIIETOK.
Oxcmnpeccust PD-1 (Programmed cell death 1)
kierkamMu CAR-T umeer nogasisitomuii dGdexr,
TaK Kak HapyueHue QpyHkuun PD-1 MoxeT ycunurhb
MIPOTUBOOITYX0JEBbIN 0TBET T-Kinerok [48]. DnekTpo-
nopauus Cas9 n sgRNA, HanpapieHHast Ha 3K30H |
rera 6enka PD-1 (PDCDI, Programmed cell death
protein 1) B T-kiieTkax 4eyioBEKa ¢ MOCICAYIOMICH
JIOCTAaBKOW JIEHTUBUPYCHOTO BEKTOpA, COJEPIKAILEro
tpancren CD19 CAR, oOecneunBaer BBICOKYIO (-
(heKTUBHOCTH M MUHUMAITbHYIO TOKCHIHOCTE CAR-T-
Tepanuu. ITO OTKPHITHE TOAYEPKUBAET HETaTUBHYIO
ponb ocu PD-1/PD-L1 B hopMupoBaHU# HUTOTOKCH-
gyeckoro 3¢gdexra CAR-T-k1eTOK NPOTUB PaKOBBIX
KIIETOK, HKCIPECCUPYIOIUX OIyXO0JEacCOLMHPOBaH-
HbIi anTUreH [49]. Moandunupoannbie T-KIeTKH ¢
HokayToM reHa PD-1 npogeMoHCTpHupOoBaIn BEICOKYIO
MEPCUCTEHLINIO, MUHUMU3AINIO AJUIOT€HHON TOKCHY-
HOCTH U npu3HakoB aktuauuu HLA-1, kpome Toro,

BBIKMBAaE€MOCTb TPAHCTEHHBIX MBIIIEH yBEIHYMIIach
[50]. Pe3ynbraTel uccieqoBanus mokKa3aid, 4ToO UC-
nonb3oBanue miasMuaHon JIHK sBisiercs Oonee ymo0-
HBIM TTOJTXO/IOM T10 CPAaBHEHHIO C METOAAMH JIOCTABKH
PHK, GenkoB 1 BUpYCOB H3-3a €€ HU3KOH CTOMMOCTH
U mpocToTsl npurotosienus [51]. B HenaBHeM nc-
cnegoBannu cucteMa CRISPR-Cas9 ucnons3oBaiack
IUTsT pemaktupoBanus jJokycoB PD-1, 2M u TRAC
(anmba-xoHcranTa T-KIETOUHOTO penenTopa) B re-
Home CAR-T-knerok, nHauenennsix Ha EGFRVII (11T
BapHaHT pPeLenTopa SMHICPMAIBLHOr0 (hakTopa pocTa).
B pesynprare co3mana HoBast momudukamms CAR-T
EGFRVIIIL, ycroitunBas k cynpeccuu PD-1, uto npu-
BEJIO K 3HAUUTEJIbHOMY YBEJIMUEHHUIO BEIKUBAEMOCTH
Ha MBIIIAHBIX MOJIEISIX TIINO0JIACTOMBI YeoBeKa [52].
OnHako KpUTHYeCKre OMOIOTHYECKHUE ITPOIIECCHI, TTPO-
MCXOJIAIINE B MUKPOOKPY/KEHUH COUIHBIX OTTYXOJIeH
(Tumoxcusi, Kuciasi cpefa, AeQUINUT MUTATENbHBIX
BEIIECTB, HEKOOPIMHUPOBAHHOE COZIEPIKaHUE MEIHa-
TOPOB BOCHAJICHUSI, UMMYHOTOJIEPAHTHOCTb), PE3KO
cHIKarT dpdektnBHOCTE CAR-T-Tepanmu B peanb-
HBIX ycnoBusx [53]. I'pynma uccnenosareneii oTpenak-
tuposana (knock-out) ren snmorenHoro peuenropa Il
Tpanchopmupytomiero gakropa pocra-6era (TGFBR2)
B T-knetkax ¢ nmomoiisio Texnoiaoruu CRISPR-Cas9,
4T00BI NpeoosieTh HeraruBHoe BiausiHue TGF-f
(OCHOBHO perymsITOp MUKPOOKPY>KEHUH OITyXOJIH) Ha
CAR-T-teparnuto. Takxke ObLIO ITOKa3aHO, YTO BBIKITIO-
genue reHa 7TGFBR2 03BOIUT MOTUDUITAPOBAHHBIM
T-kmeTkam BBDKHUBATH, YPPEKTUBHO Pa3MHOKATHCS
MPOSIBIISATH 00JIee BHICOKYIO IIPOTHBOOIYXOJIEBYIO aK-

26 CAR-T
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= / TCR \S‘CAR?.
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!CDIQ 00

PD-L1
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o .

o —
Anomos/Apopt05|s \/

1, TepaneBTUYECKMUIA
addekT/Therapeutic effect

2a, KoHCTUTYTUBHAA
akTusauuma/Constitutive activation
26, TpaHcnAaHTaT NpoTUB
x03auHa/Graft versus host

3, UcToweHus T-kneTok/T cell
depletion

4, TokenuHocTb/Toxicity

5, floctaska CRISPR-Cas9 8
knetky/Delivery of CRISPR-Cas9 into
the cell

6, dKk30umTO3 rpaHyn/Exocytosis of
granules

BoccTaHoBneHue reHa ¢ AAB/Knock-in with AAB (1)
BblKntoueHue reHa c anektponopauuei/Knock-off
with electroporation (2%/%,3,4)

Pwuc. 2. MNMyTtn poctaskn n mexaHnambl gencteus CRISPR-Cas9 ansa pegaktupoaHus reHoma CAR-T-knetok: CAR — XMMepHbIn aHTu-
reHHbIn peuenTop; CAR-T, T-knetka ¢ CAR; TCR, T-knetouHbli peuenTtop; HLA, yenoBeveckuin nenkoumTapHbin aHtured; CD19 (kna-
ctep anddepeHumposku 19), aHtureH B-knetku; PD-1, 3anporpammupoBaHHas rnbens knetkm 1; PD-L1, 1 nuraHg PD;

AAB — ageHoaccoLuMnMpoBaHHbIn BUPYC. [MpumeyaHune: pucyHOK BbINOMHEH aBTOpamu
Fig. 2. Delivery routes and mechanisms of action of CRISPR-Cas9 for genome editing of CAR T cells. CAR, chimeric antigen recep-
tor; CAR-T, CAR T cell; TCR, T cell receptor; HLA, human leukocyte antigen; CD19 (cluster of differentiation 19), B cell antigen; PD-1,
programmed cell death 1; PD-L1, PD ligand 1; AAV, adeno-associated virus. Note: created by the authors
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TUBHOCTH [54]. OOHaIe)KMBAET, YTO MOJIABIICHHE JIPY-
CUX UIMMYHHBIX KOHTPOJIBHBIX TOUYEK, TaKuX Kak PD-1,
ogaoBpemeHHo ¢ TGF-B1 MoxeT mpuBecTy K TydiieMmy
pesyasrary npu geuenuu CAR-T-kinetkamu.

Takum 00pa3oM, HCIOIB30BAHUE TEXHOJIOTHUU
CRISPR-Cas9 niist BhISIBICHHS U yCTPAHEHUS He-
raTUBHO perynupyembix reHoB B CAR-T-kieTkax,
0e3yCIOBHO, YAYYIIHT JICYCHNE 33 CUET TOBBILICHUS
UX CIIeIU(pUIECKON aKTUBHOCTH B OTHOIIICHUH PaKoO-
BBIX KJIETOK (pHc. 2). JIoKIIMHUYEeCKUE UCCIIeTOBAHMS
CAR-T-x7eTOK, OTpPETaKTHPOBAHHBIX C TTOMOIIBIO
CRISPR, nponeMOHCTpHpOBAIN MHOTOOOCIIAIOIINE
Ppe3yABTAThI, KOTOPHIE CKOPO OTKPOIOT HOBBIE TOPU30H-
Thl B UMMMYHOTEpanuu paka. Tem He MEHeEE €llIe €CTh
BO3MOYKHOCTH JIJIS TaTbHEHIIIeH paOOThI HaJ HOBBIMA
COOTBETCTBYIOIIUMHU T€HAMH, KOTOPHIE OKA3bIBAIOT HE-
ratuBHoe BinusHUe Ha Tepanuio CAR-T-kneTkamu.

3akiIr0uenue

IIpokapuornueckuii aJaiTUBHBINA UMMYHHBINA Me-
XAaHN3M UCIIONb3YeTCA Ul BBECHUS IBYXLIEIIOYEYHbIX
Pa3pbIBOB B MHTEPECYIOIIEM T'€HETHYECKOM MECTE C
ncnonb3oBanreM SgRNA. PegaktnpoBanue renoma ¢
STUYECKON TOUKH 3PEHMUSI SIBJISETCS CI0KHBIM BOIIPO-
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BKINAl ABTOPOB

Monarosa :xamuia lllaraiipaToBHa: o01iee pyKoBOACTBO MPOEKTOM, pa3paboTka KOHLEIIIUY 1 Ju3aliHa HayqHOH paboThl, peaak-
THPOBAHHE U HAMMCAHHE TEKCTA CTaThbH, KPUTUUECKHH MEPEeCMOTP C BHECEHHEM IIEHHOTO CMBICTIOBOTO COJEPKaHUS, YTBEPKACHNE
OKOHYATEeNIbHOTO BapUaHTa CTaThU.
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CaBkuH Anekcanap BiraguMupoBud: monck HeoOXOAMMBIX TaHHBIX B COOTBETCTBUH C KOHKPETHBIMHU TPeOOBaHUAMMU, aHAIN3 TTOTTY-
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yacTu padoTHI.
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AHHOTauuA

BeeneHne apmnpenapaToB, cogepXXalnx pagnoakTUBHbIE U30TOMbI U CMOCOBHbLIX Cneunguyeckn ceasbl-
BaTbCsl C OnpeaerneHHbIMK 6enkamu, ABNSeTCs OOHUM U3 NOAXOAO0B, MPUMEHSEMbIX MPU NeYeHnn Unu gua-
rHOCTUKE 3M0Ka4eCTBEHHbIX OMyxosen. [Mpu 3ToM BaxkHOM 3aaven SBNseTcs pelleHre NnpobrnemMbl HakonneHust
paamoaKkTUBHOCTM B NMOYKax NOCre BBEAEHWSI B OPraHn3M pagMoKOHBbIOraToB C MOJIEKYTSIPHOM Maccoi MeHee
70 KOa. Llenb nccnepoBaHuA — BbisiBNeHNe Hanbornee ahekTUBHbIX MOAXOAO0B, CNOCOOCTBYHOLLMX YMEHb-
LLEHWIO HAKOMMEHUS PpagNoaKTUBHOCTYM B NMOYKaX NPW MCMNOMb30BaHMN PaaMOKOHBIOraTOB B XOAE ANArHOCTUKN
N TapreTHow Tepanum onyxorneBblx 3abonesaHuin. MaTepuan n metoAabl. [poBeaeH NOUCK NUTepaTypbl No
TeMe 0030pa B anekTpoHHbIX 6a3ax AaHHbIX PubMed, Scopus n Web of Science B nepuog ¢ 1987 no 2023 r.,,
82 cTaTbM MCMoONb30BaHO NpW HanMcaHun o63opa. PesynbTarhl. [peacTaBneHo onvcaHne Noaxo4oB, UC-
nonb3yeMbix 4518 yrny4leHus duopacnpeneneHms pagnoKoHbIOraToB, rMaBHbIM 00pa3oM, B OKITMHUYECKMX
nccrnenoBaHUsX, ONUcaHbl JOCTOMHCTBA M HEAOCTaTKM TakuxX MeTOAUK. 3akroveHue. YMeHbLLIEeHNe pagmo-
aKTMBHOCTW B MOYKax Mpv UCMOMb30BaHUM PaAMOKOHBLIOraTOB MOJSIEKYST C MOMEKYNISAPHON Maccoil MeHee
70 K[a sBnsieTca HEMPOCTOW, HO peluaemMont 3agadert. CoenaH BbIBOA O BbICOKOM MEPCNEKTUBHOCTMN UCMOSb-
30BaHUSA B NOAOOHbBIX pagMoOKOHbloraTax pacLlensnsemMblX NMHKEePOB, NMOCKOSbKY TakOW MOAXOA He MeHsieT
(hapMaKoKMHETUKY Takux npenapatoB. OTMeYeHo, YTO MPEUMYLLECTBOM BBEAEHMWS CONYTCTBYHOLLMX BELLIECTB
Mo CPaBHEHUIO C U3MEHEHMEM CTPOEHUSA PaAMOKOHBIOraToB ABISIETCA MeHbLUAs 3aBMCMMOCTb OT 0CObeH-
HOCTEN TOro unu nHoro pagunogapmnpenapata (PPI). Takke 3TOT NoAXo4 He TpebyeT npefBapUTENbHOM
paboTbl N0 MoanduKaLMM paguoKoHborata, O aHako MMEET OrpaHNYeHHY 3pEKTUBHOCTb.

KnioueBble cnosa: paguodapMnpenapaThl, HAKONMeHne paanuoakTMBHOCTY B MOYKax, TapreTHasl Tepanusi,
onyxonu.
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Abstract

Administration of pharmaceuticals containing radioactive isotopes and capable of specific binding to certain
proteins is one of the approaches used in the treatment or diagnosis of malignant tumors. High renal
accumulation of radioactive compounds after administration of radioconjugates with molecular mass less
than 70 KDa is of the challenges that need to be solved. The purpose of the study was to identify the
most effective approaches to reduce the accumulation of radioactivity in the kidneys after administration of
radioconjugates used for diagnostic imaging and targeted therapy for cancer. Material and Methods. We
conducted a literature search on the topic of the review in the electronic databases PubMed, Scopus and Web
of Science from 1987 to 2023, 82 articles were used for writing the review. Results. The review presents a
description of approaches used to improve the biodistribution of radioconjugates, mainly in preclinical studies.
The advantages and disadvantages of such techniques have been described. Conclusion. Reducing renal
radioactivity using radioconjugates of molecules with molecular masses less than 70 KDa is a challenging but
achievable task. It is concluded that the use of cleavable linkers in such radioconjugates is highly promising,
since this approach does not change the pharmacokinetics of such drugs. It is noted that the advantage
of introducing concomitant substances compared to changing the structure of radioconjugates is a lesser
dependence on the characteristics of a particular radiopharmaceutical. This approach also does not require
prior work to modify the radioconjugate, but has limited efficiency.

Key words: radiopharmaceuticals, accumulation of radioactivity in the kidneys, targeted therapy, tumors.

Beenenue

Beeznenue papmipenaparos, CopepKammx paauo-
AKTUBHBIE M30TOIBI, SABJSETCS OJHMUM U3 MOJXOJIOB,
MIPUMEHSIEMBIX [IPH JICUCHUH WM JUArHOCTHKE 3J10-
Ka4eCTBEHHBIX OImyxoJiel. Mcrnonbp3oBanne Ui 3THX
eIei paJJAOKOHBIOTaTOB, CIIOCOOHBIX CIIEU(PHIESCKA
CBSI3BIBATHCSl C ONPE/ICIICHHBIMHI OelTKaMH, dKCIIpec-
CHUPYEMBIMH KJIETKaMH, MPEJCTABISETCS 0COOCHHO
MIEPCIIEKTUBHBIM, MTOCKOJIbKY IO3BOJSET OCYLIECT-
BIISIT 3/IPECHYTO IOCTABKY PAIMOHYKIINIOB K KIIETKaM
OITyXOJIM, YTO JOJDKHO YBEIHYUTH 3PPEKTUBHOCTD
Takux Gapmnpenaparos. buarogapst TouHOCTH BO3ACH-
CTBMA MOAOOHAs Tepamust sSBJISIETCS aJIbTEPHATHBOM,
[IO3BOJISIIOILECH MPEOR0IeTh OrpaHUUYCHUs TPajnuLy-
OHHBIX METOJIOB JICUEHUS], TAKUX KaK XUPYpPTrHUIeCcKoe
BMEIIATEIbCTBO, XUMHUOTEPAIUS U TUCTaHLIMOHHAS
JydeBast Tepanusi. B mocnennue gecaTuiaeTus mpoko
n3y4darorcs: 3¢ ($eKTbl MEYEHHbIX PaMOHYKIUAAMU
AHTUTEN U UX (ParMeHTOB KaK Ha JKUBOTHBIX, TaK U
B KJIIMHUYECKHX HCCIIeIOBaHUAX.

Jnsa co3gaHusg paiMOMMMYyHOKOHBIOTAaTOB Ha
OCHOBE TISJIBIX MOHOKJIOHANBHBIX aHTUTENl (MKAT)
0OBITHO UCTIONB3YIOTCS UMMYHOTIIOOYTHHBI Kitacca G
(IgG), cocrodmme U3 4eTbIpex MOTUMENTHIHBIX Iie-
nei. MonekynsapHast Macca Moiiekyn IgG cocraBnsieT
pumepHo 150 x/la, 9To mpuBOAMT K OONIee MeIeHHO-
MY UX IIPOHUKHOBEHHIO B Pa3JINUHbIC OPraHbl U TKAaHU
OTHOCHUTEIFHO ()parMEeHTOB aHTHTEN U IPYTrux Oen-
KOBBIX MOJIEKYJI C MEHBLIEH MOJIEKYJIIPHOM Maccoi,
TaKke 00NagaoImX crnenu(pUIecKoll aKTHBHOCTBIO
[1-3]. IIpu >ToM 1IeTBIC aHTHTENA IEMOHCTPHPYIOT
Oosiee BEICOKUH YPOBEHb HAKOTUICHHUS B OITyXOJIH, HO
9TO JIOCTUTACTCS 3a CUET OoJIee A0JITOr0 IUPKYIUPO-
BaHUs aHTUTEN B KPOBH U, COOTBETCTBEHHO, OoJjee
JUTUTEILHOTO BO3JIEUCTBUS HA TKaHb [3, 4]. OxgHako
JIONITO€ IUPKYJIUPOBAHNE MOXKET TMPHUBOAUTH K He-
cnenn(ruIecKoMy HACBHIIICHUIO Pa3IMYHbIX TKaHEH
palloOMMMYHOKOHBIOTaTaMH U, KaK CIEJICTBHUE, K
BBICOKUM (DOHOBBIM 3HAYECHUSIM IIPU AUATHOCTHUKE C
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MCTIOJIb30BaHUEM TO3UTPOHHO-IMHCCHOHHON TOMO-
rpaduu (I19T) nnm ogHODOTOHHON SMUCCHOHHOM
koMIbioTepHOH ToMOoTpadun (ODIKT).

Kpome Toro, HeraTUBHBIM CBOMCTBOM MMMYHO-
o0y IMHOB, UCHOJB3YeMBIX 1Sl cozgaHus PDII,
siBIsieTCst Hammdare Y GEKTOPHBIX QYHKIUI, 00yCI0B-
JIEHHBIX TPUCYTCTBHEM Fc-pparmenTa, criocoOHOTO
CBA3BIBAaThCA ¢ Fe-penentopaMu KiIE€TOK UMMYHHON
CUCTEMBI. DTO MOXKET MPHUBOAUTH K YMEHBIICHHUIO
KOHTPACTHOCTU M300payKeHMsl, 3aTPyQHsIsI AUAarHO-
CTHKY [5, 6].

Kak ObUTO OTMEYEHO, NP U3TOTOBICHUU PaJHO-
KOHBIOTaTOB, MPEAHAa3HAYCHHBIX ISl IUAarHOCTUKH
U TEpaluM 3JI0Ka4eCTBEHHBIX HOBOOOpPa30BaHUM,
MOMHMO LENbIX aHTUTE] UCHOJIb3YIOTCS U APYTue
MOJICKYJIbI, CEIEKTHBHO CBSI3BIBAIOIIUECS C COOTBET-
cTByIOIMMH Oestkamu. OHM MOTYT OBITH (hparMeHTaMu
AHTUTEI WM UMETh MHYIO0 ipupoxay. K HuMm oTHOCSTCS
F(ab’),-bparmentsl (Monexyaspueiii Bec — 110 x/la),
muau-Tena (75 x/la), Fab-dparmentsr (50-55 x/a),
nuarena (50 xJla), scFv (28 x/la), HanoanTurena
(12-15 x/1a), xkapkacHsie 6enku (3—20 k/la), kopoTKHe
NEeNTUABI U PA3IUYHbIEe HENENTUAHbIC JIUTaHbl. DTH
MOJIEKYIBI JTUIICHBI 3((HEeKTOpHBIX (yHKIUH, 00y-
CJIOBIICHHBIX Hanmn4yueM Fc gparmenrta u mpucymmx
LETIbIM aHTUTEeIaM. BakHO, 4TO CeNeKTHBHBIE MOJIEKY-
JIBI ¢ MOJIEKYISIpHOH Maccoil MeHee 70 k/la, BKirouast
(parMeHThl aHTUTEN U KapKaCHBIE OEJIKH, T0CTAaTOYHO
MaJlbl, 4YTOOBI IIPOXOAUTH YEPE3 IOYEUHbIE KIIyOOUKH
B TIEPBUYHYIO MOUY B IOYCUHBIX KaHablax. Ouib-
TpaLus ATUX MOJIEKY] IPUBOIUT K Oosee ObICTpOMY
KJIMPEHCY U MEHbIIEMY HaKOMJIECHHUIO B IEUYECHHU.
OpnHako MoueyHbIH 3aXBaT PaJUOaKTHBHO MEUEHHbIX
(parMeHTOB HAMHOTO BBIIIIE, YEM Y MHTAKTHBIX aHTH-
TeJI, TOCKOJIBKY KJICTKH MIOYEYHBIX KaHAIBIIEB HAPSIY
C MOHAaMM U MaJIIMH MOJIEKyJaMU peadcopOupyIoT
HEOOJBINE PaIHOaKTUBHBIC OCIKU U menTHabl. 11o-
CJIe PHJIONUTO32 B TPOKCHMAIIbHBIX KaHAJbIIaX OeIIKN
U TeNnTUAbl KaTaOOIM3UPYIOTCS O aMUHOKHCIOT B
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JU30COMax. DTH aMUHOKHUCIIOTHI TPAHCIIOPTUPYIOTCS
i AUGPYHIUPYIOT U3 JIM30COM B IUTOILUIA3MY H
BO3BPAIIAIOTCS B KPOBOTOK. [IpH 3TOM MHOTHE pajiio-
AKTHBHO MEUCHHBIC KaTa0OINTHI HE MOTYT IIPOHUKATh
Yyepes3 JM30COMAIbHYI0 MeMOpaHy. 3ajepkKa B JU-
30COMax 3TUX MPOAYKTOB MPUBOAMUT K HAKOIIJICHHIO
pPaguOaKTHBHOCTH B Toukax [7, 8]. Takum oOpazom,
€CJIM KPYTHbIe PaJJHOMMMYHOKOHBIOTAThI, TAKHE KaK
meuennbie IgG, F(ab’) -GparmMenTsl u MuHHU-TENA,
TOCJIe BBEJCHHS HAJONTO 33JIePyKUBAIOTCS B KPOBH,
TO MEHbIMe MedeHble Monekynsl (Fab-pparmenTsr,
nuarena, scFv, HaHoaHTUTeNa, KapKacHbIe OCNKH,
MENTHIBl U JIMTaHIbl HENENTHAHON MPHUPOJBI) 3HA-
YUTEIHHO ObICTpEE BBEIBOASTCS U3 KPOBOTOKA, HO IPH
9TOM MMEIOT OYeHb BHICOKHH YPOBEHb HAKOTIIICHHS B
noukax. [Ipu BBeJieHUM B KPOBb MBIIICH MOJOOHBIX
PaIMOKOHBIOTATOB B MOYKaX MOMKET HAKaIJIMBATHCS
JI0 TIOJIOBHHBI BBEJIEHHOW PaIu0aKTUBHOCTH. Paawo-
AKTUBHOCTh B TOYKaX MpPHU 3TOM Ha 12 mopsika
MPEBBIIACT PATUOAKTHBHOCTh B JIPYTUX OpraHax M
tkausx. [Ipu rakom 6nopacnpenenenuu POIT nenb3s
HCKIJIFOUaTh TOKCUYHOE BO3JICHCTBUE paauallid Ha
MTOYKH, 0COOEHHO TP MCIIOJIb30BAHUH TEpaIleBTHYe-
CKUX PaJMOKOHBIOTaToOB. JlaHHOE 00CTOSITENBCTBO B
3HAUUTETILHON Mepe HUBEIUPYET CHIIbHBIE CTOPOHBI
PaIOKOHBIOraTOB, 00Pa30BaHHBIX BBIIICYTTIOMSHY ThI-
MU MOJIEKYJIaMH, K KOTOPBIM OTHOCSITCSI HEOOIIbIITHE
pasMepebl, CrIOCOOCTBYIONINE TPOHUKHOBEHUIO B KIIET-
KU ¥ TKaHH, OBICTPOE y/IaJeHUe U3 KPOBH, Oaronaps
BBIBEJICHUIO Yepe3 MOYKH, OTCYTCTBUE HEXKEIaTelIb-
HBIX 3P PEeKTOPHBIX PYHKIINH.

Uwncno paanoKOHBIOTaTOB Ha OCHOBE JIMTAHJIOB,
0COOEHHO Ha OCHOBE AaHTUTEJ WM WX (HpParMeHToB,
HUMEIOIUX OQHUINATBHOE pa3pelieHue Jjsl HCIOb-
30BaHMS TPU JICUSHUH MAIlUEHTOB, MOKa KpalHe
orpanuueHno. Tak, YopaBieHue 1o KOHTPOJIIO 3a
nponykramu u nekapcreamu CIHIA (U.S. Food and
Drug Administration) 3aperucTpupoBajgo HECKOJIBKO
PaZMOKOHBIOTaTOB MAaJIbIX CEJEKTHBHBIX MOJIEKYT C
MoJeKyssipHoi Maccoi MeHee 2 K/la ¢ pazHbiMu pau-
OHYKJIUIAMH U TOJILKO OJIMH PaJJHOMMMYHOKOHBIOTAT
MOHOKJIOHAJILHOTO aHTHTeNa npotuB Oenka CD20,
comepskaruii *°Y. DTOT mpenapar, 3eBajiiH, HCIOJb-
3yeTcsl JJIsl JICUCHUS] HEXO/DKKUHCKON JIuMQombl. B
Kurae 3apeructpupoBan ¢papmmnpenapar, COCTOAINN
13 KoHbroruposannoro ¢ ' F(ab’), pparmenta antu-
tena, cneruduuHoro k o6enky CD147 (metakcumada
HADb18G) u ucronb3yemMoro Jyist JICYCHUsT Tenaro-
HeJUTIoNApHol kapuunomsl [1]. F(ab’),- pparment
MOy 4aloT yAalieHHneM Fc ydacTka MOHOKIOHATBHOTO
antuTtena. Y Hac HeT nHpopManum 06 oduInaib-
HOW pEeTUCTpaluy Al KIMHHYECKOTO TPUMEHECHUS
pannodapmmpenapaTroB Ha OCHOBE ()parMeHTOB
AHTUTEN WIN KapKacHBIX OEIKOB C MOJEKYISPHOM
maccoit meree 70 x/la. OmHOM W3 MPUIHH TOTO, YTO
OBLIO 3apPErHCTPUPOBAHO CTOIb MAJNOE KOJIMYECTBO
MOAOOHBIX MpenaparoB, SBISIOTCSI 0COOCHHOCTH
Oumopacripe/ieNieHns: B OpraHu3Me KaK paguoakTHBHO
MEYEHHBIX IENIBIX aHTUTEN, TaK U UX (parMeHToB, a
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TaKKe JIPYTUX MOJICKYJI C OTHOCHTEIHHO HEOOIBIIOH
MOJIEKYIsIpHOU Maccoi. OueBUAHO, YTO OJJHOM U3 BaXK-
HEHIIINX 3a/1a4 SIBJISICTCS PEIICHUE TIPOOIIEMBI BRICOKOM
PaAMOaKTHBHOCTH B IOYKAX IOCJIC HUCIIOJIb30BaHUS
paarodapMIIpenaparos.

B HacTosmemM 0030pe omnucaHbl HCCIEAOBAHHUS,
HaTpaBJICHHbIE HA YMEHbIIIEHHE HAKOIUICHUS B ITOY-
Kax paJlOKOHBIOraTOB, HMEIOIIMX MOJICKYISIPHYIO
Mmaccy Menee 70 K/la, mocie ux BBeIeHUS B KDOBOTOK.
Buopacrpenenenne paguoKOHBIOTATOB MOXKET OBITh
VAYYIIEHO BBE/ICHHEM B KPOBb BMECTE C Pa/IMOKOHBIO-
raraM# COITyTCTBYIOIIMX BEIIECTB, MOAM(pHUKAIINCH
CaMHUX PaJIMOKOHBIOraTOB, a TAKXKE IyTeM IIpe/Ba-
PHUTEIBHOTO HAICIMBAHUS HEMEUCHBIX CEIIEKTUBHBIX
MOJIEKYI (TIpeTapreTHHra).

BBenenue conmyTcTBYIOIMX BellleCTB

Mormnekynsl Maccoit menee 70 k/la moryT Quib-
TPOBaThCSI CKBO3b MEMOpaHy MOYEYHBIX KIYOOYKOB,
rmomnajas B IEPBUYHYIO MOUY. 3aTeM MPOUCKOIUT
peabcopOrust STUX MOJIeKyJ1. KaTroHHbIe O€JIKH U eTI-
THIBI 00BIYHO OoJiee 3P HEKTUBHO peadCcopOUpyOTCs
B MIPOKCUMAIILHBIX KaHAIbI[AX, YeM HEUTpaJbHbBIC U
aHnoHHbIe. CUUTAETCs, YTO TO paszINdre BBHI3BAHO
MPEUMYIIECTBEHHBIM CBSI3bIBAHIEM KATHOHHBIX TPYIIIT
C aHMOHHBIMU CaiiTaMu Ha MeMOpaHe IETOYHOH Kaii-
MBI KJIETOK POKCHMaJIbHBIX KaHalblieB. [IpucyrcrBue
BO BBOJMMBIX PacTBOpPaxX OCHOBHBIX aMHHOKHCIIOT
3aMeIIsIeT PeadCopPOITIIO TaKMX OCTTKOB U TENTHIOB
MOCPEJICTBOM KOHKYPEHTHOTO MHTHOUpoBaHus [7,
8]. Ucnonp3oBanue aMMHOKHCIIOT, TAKMX KaK JIM3UH
W aprUHHH, HECYIIUX TOJOXHUTEIbHBIN 3aps/l, IS
YMEHBIICHUS 3aJIePKKH B TMOYKAX PaJHMOAKTHBHO
MEUEHHBIX TICNTUIOB ¥ (ParMeHTOB aHTHTEN OBbLIO
oJIpoOHO HccaeoBaHo [7, 9.

B psiie paOoT, BBIOTHEHHBIX HAa MBIIIIAX U KPHICAX,
MOKa3aHO, YTO BBEJCHHE JIN3WHA, aMUHOKHCIIOTHI C
BBIPAXEHHBIMUA CBOWCTBAMH OCHOBAaHHS, CIOCO0-
CTBYET CHM)KEHHIO HAKOTLICHHUSI PaJlMOAKTUBHOCTH B
MOYKaxX MPH OJHOBPEMEHHOM BBEIEHUHM MEUCHHBIX
pamuonykimumamu Fab-gparmentos [9, 10]. Dddexr
CHJIBHO 3aBHCEJ OT KOJUYECTBAa BBOJUMOTO JTU3MHA.
Tak, pu TSITUKPATHOM TEPUTOHEATLHOM BBEJICHUN
JM3MHA MbIaM 13 pacyeta 50 MKr Ha 1 T Beca BMecTe
C BBEJICHHEM B KpoBb MeueHHbIX '''In Fab-(pparmenTon
HAKOTUICHNE PAAHMOAKTUBHOCTH B ITOYKAX CHIKAJIOCh
gepe3 4 a Ha 17,7 % 1m0 cpaBHEHUIO ¢ KOHTPOIHHBIM
9KCTIEPUMEHTOM. [Ipu AecATHKpPaTHOM yBEITHYCHHH
JI03bI ATO CHIKeHue pocturano 93,2 %. Ilpu stom
3aJIep’KKa paAMOaKTUBHOCTH B KPOBH M APYTUX Opra-
HaX MPaKTUYECKH HE MEHSUTACh HE3aBUCHMO OT JIO3BI
BBeZIcHHOTO JTi3uHa [9]. B HacTosIIee Bpemsi B KITMHH-
YeCKOH MPaKTUKE UCTIONb3YeTCs BBeAeHHe L-113nHa n
L-apruHuHa nanueHTam rpy pajinoTapreTHON TepaIum
¢ UCTIOB30BaHneM pamnokonbsioratoB DOTA-TATE,
coJiepKallnuX arOHUCT COMaTOCTaTHHOBOTO PELenTOo-
pa ¥ UCMONBb3YEMbIX JUIsl TUArHOCTHKH HITH JICUCHHS
HEWpPOIHIOKPUHHBIX omyxonel [11]. YcraHoBieH
aHAJOTHUYHBIN TIOIOKHUTEIBHBIN 2 (hekT MeThopMHuHa
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(ommcaH Kak aHaJIOr aprUHUHA, BBOAUTCS MallUEHTaM
pu auadere) P BBEICHUH MBIIIaM PaTHOAKTHBHO
MEUCHHBIX TIenTHI0B [12].

[IpoBoanIKCH MHOTOUHCIICHHBIE HCCIICIOBAHHUS
YMEHBIIICHHS HAKOTIJICHUSI PAIMOAKTUBHOCTH B 110Y-
Kax IyTeM COBMECTHOTO BBEACHUS C PaJHOKOHBIO-
raraMmi pacTBOpa CyKIMHHUIMPOBAHHOIO JKeJIaTHHA,
H3BECTHOTO Kak re’ao(y3uH, KOTOPBIH HCIOIb3yeTCs
KaK 3aMEHMTEIIb TJ1a3Mbl KpOBH. BBeneHue nu3nHa u
renody3rHa IPU OJHOBPEMEHHOM BBEJICHHH C HAHO-
aHTHTEJIaM1, Me4eHHBIMH ™ Tc, CHI)KaJIO HAaKOIUICHHE
PaaUOAKTUBHOCTH B Moukax Mblmei Ha 42 % [13].
[Ipu 5TOM HaKoOTIIEHHE PAaTMOAKTUBHOCTH B OITYXOJIH
He CHWXanochk. B psge paboT ¢ ucronp3oBaHHEM
pPaAMOaKTUBHO MEYCHHBIX METITHAOB TAK)KE YCTAHOB-
nen [14-16] nonoxurenbubiit 3pdexr remodysuna
Ha HAaKOIUICHHUE PAaJHOaKTHBHOCTH B ITOYKAX MBIIICH
U KpbIC. YMEHBIICHHE PAJHOAKTHBHOCTH B MOYKAX
HaXOAWIOCH B MPSMOW 3aBUCHUMOCTH OT BBEACHHOMU
no3bl renodys3uHa [16]. BBenenue marueHTam re-
no(y3rHa YMEHBIIWIO HAKOIJICHHE MeueHHOTro n
9KCceHIMHA-4 (IeNTHA, CoaeprKai 39 aMHUHOKHUCIIOT)
Ha 18 %, skcenpuna-4, meuennoro %Ga, — va 57 %
[14]. T'enody3uH Taxke OIOKHUPOBAT HAKOILICHHE B
MTOYKaX KPbIC ¥ MTAIIMEHTOB IPYTUX MENTHIO0B, MEUEH-
Hbix "'In [15]. [Tpu 5TOM MOKa3aHo, 4TO restody3uH He
CTIIO0CO0OEH N3MEHHUTH HAKOTIJICHHE B TIOYKaX MEYEHHOTO
murarga '"In-PSMA-I&T [17]. EcTs manHbIE, UTO Ha-
korutenue paarokonsiorara ®*Ga-HBED-CC-PSMA B
MOYKax OJIOKHPOBATIOCH OCMOTHYECKUM JIHYPETHKOM
MaHHUTOJOM [18]. MHTEepecHO, UTO COBMECTHOE
BBEJICHUE JU3MHA WM renodys3uHa He ObuIo 3¢-
(DeKTUBHBIM JUIsI CHHYKCHHSI TIOTJIOMICHUS TOYKAMHU
#"Tc(CO),-G3 DARPin. Beeienne mManeara Hatpus
nepen BeeaenueM " Tc(CO),-G3 DARPin cauxano
MOYEUYHYIO0 aKTUBHOCTH Ha 60,4 %, a BBeneHne Gpyk-
TO3bI — Ha 46,9 % 1o cpaBHEHUIO ¢ KOHTpoueM [19].
Brenenne remody3nHa wiaM TU3MHA HE U3MEHSIIO
naxornenue *"Te(CO),-ADAPT6 B noukax. Manear
Harpus cHukan nHakornenue *"Tc(CO),-ADAPT6
MIpUMEPHO 110 25 % OT HAKOIUIEHHUSI B KOHTPOJIE, BBI-
cokasi 71032 GpykTo3bl (50 MMOJIB/KT) CHUXKAJa Ha-
korutenue npuMepHo Ha 30 % [20]. Takum oOpazom,
OITyOJIMKOBaHBI paOOTHI, B KOTOPBIX YTBEPKAACTCSI, UTO
JU3UH U TeN0oQy3uH He OJIOKMpPOBAIN HAKOIJICHUE B
MOYKaX paJMOaKTUBHO MEYEHHBIX KaPKACHBIX OCIIKOB
B OTJIMYHUE OT (PPYKTO3BI U Malieara.

[Ipu BBeZIeHNH COITYTCTBYIOIIMX BEIIECTB BMECTE
C PaAMOKOHBIOTaTaMH, KaK IPaBHUIIO, YAAETCsI TOCTUYb
He Oosiee ueM JIBYKpPaTHOTO CHHMIKCHUS PaIHOAKTHB-
Hoctu mouek [10-16]. Kak yke ObUTO OTMEUEHO, B
paHHUX paboTax ecTh JaHHbIE O 3HAYUTEIBHO OoJiee
CHIIBHOM d(deKTe MpH BBEJCHUU JTM3UHA B KOJIUYE-
CTBE, CONIOCTAaBUMOM C MaKCHMaJbHO MEPEHOCUMON
JI030M J1st MblIteit [9].

HN3meHeHuUe CTPOEHUST MOJIEKY.JI

PalHOKOHBIOTATOB

IToMuMO ONMCaHHOTO BBILIE TOJX0/1A C BBEACHUEM
COMYTCTBYIOINX BEIICCTB, CHUKCHUC HAKOIIJICHUA B

CUBUPCKIM OHKONOTMYECKNW XXYPHAT. 2024; 23(4): 162-171

MOYKaX PaJMOKOHBIOTaTOB MOXKET OBITh IOCTHTHYTO
IMyTEM U3MCHCHUS KOJIMYCCTBA 3aPSAKCHHBIX U TUAPO-
(hOOHBIX YYaCTKOB U UX PACIIOJIOKEHHS B MOJICKYJIE,
MCIIOJIb30BAHUEM JUIsI MEUCHHsSI COOTBETCTBYIOIIUX
PanIMoOHYKIUI0B, MPUMEHEHHEM PaCIIEIIIeMbIX
JIMHKEPOB, MPUCOCTNHCHUEM aJ'IB6}/MI/IHCB$[3I)IBaIO-
mero nomeHa (AC/), a Takke mpucoeIMHEHUEM
TTOJTUATUIICHTITUKOJSL.

st yimydrienust OnopacrpeiesieHus paJioOKOHBIO-
raToB, BKJIFOYasi HAKOIICHUE B TIOYKAX, MOYKHO MEHATh
(hM3HKO-XUMHUYECKHUE CBOMCTBA KaK PaJIMOHYKJIHJIOB,
TaK U MOJIEKYII, CEJICKTUBHO CBSI3BIBAIOIIUXCS C MO-
TeKynsspHOW MulieHkto. [Ipn peabcopOunu B moukax
PaJIMOKOHBIOraThl B3aUMOJIEUCTBYIOT C calTamu
CBSI3bIBAHMSI, HECYIIUMU 3apsid. MeHsis 3apsij] ceek-
TUBHOW MOJICKYJIbI HJTH TIOJIOKEHUE 3aPSIIOB, MOXKHO
BJIMSITh Ha HAKOIUICHHE PaJIMOKOHBIOTATa B TOYKAX,
YTO OBLIO CIENaHO B MHOTOYMCIIEHHBIX HCCIIEI0BA-
Husx [21-25].

IToka3zano BiusiHUE CTPOCHUA U PACIIOJIOKCHUA
Pa3IMYHBIX XEJIATUPYIOIIUX TPy Ha OHnopacpee-
JIeHne paaruokoHbroraToB [26—-28]. B padore H.T. Kuo
et al. moka3zaHno, uto uepe3 | 4 mociie BBEACHUS
paZMOKOHBIOTATa y/IENbHAS PAIMOAaKTHBHOCTH MOYEK
oTHMyanachk Jio 47 pa3 B 3aBUCUMOCTH OT TOTO, KaKast
XeJIaTHPYIOIIas TPYIITa UCTI0Ib30BaIach PYU MEYCHUHT
nurangoB PSMA %Ga u ot Toro, Kakoii JIMHKEp HC-
MOJIB30BAJICS IS ee ipucoeanHenus. [Tpu atom 6no-
pacnpesielieHue UCCIICOBAHHBIX PaJMOKOHBIOTaTOB
B OCTaJbHBIX OpraHaxX M TKaHAX OBLIO COMIOCTAaBUMO
[21]. B npyrux paboTrax n3MEHEHUs B CTPOCHUH PaH-
OKOHBIOI'aTOB IMPUBOJWJIM K MECHEC 3HAYUTCIILHOMY 3(1)-
(hekry. Tak, 100aBICHIE TUCTUINHA U TITy TAMHUHOBOM
KHCIIOTBI B COCTaB pajauokonbiorara ®*Ga-PSMA-11
YMEHBIIIAJIO HAKOIIJICHUEC PAIMOAKTHUBHOCTHU B ITOYKAX
TOJIBKO B 2 pa3a [22]. BakHoe npakTH4ecKoe 3HAUCHUE
MOTYT UMETh JaHHBIC, TTOKA3bIBAIOIIHE, YTO HATNIHE
3apsHKEHHONW METKH, HeOOXOTUMOW JIJISl BBIICTICHUS
WJTM OYMCTKH OeJIKa, MOYKET BIIUATH Ha Onopacmpene-
JIeHne paJroKoHbiorara. [IpogeMOHCTpUPOBaHO, YTO
yaalieHue ructunHoBoi MeTku (His tag) ymeHbiano
HAKOIUICHHE B IMOYKaX PaJIMOKOHBIOTATOB, CONEpIKa-
mux HaHoanTutena [29, 30]. Kpome Toro, mokazano,
YTO CTPOCHHUEC U MECTOITOJIOXKCHHUE FI/ICTPII[HHOBOﬁ MCT-
KM MOXET CHJIbHO BJIMSTH Ha MOMIONICHHE TTOYKAMHU
PaJIMOKOHBIOTATOB, COACPIKAIIUX KapKaCHbIE OEIKU
[24]. B menom, pe3ynbTaThl HCCISIOBAHUN BIHASHUS
MECTOTIOJIOKEHUSI, KOJIMYECTBA U CTPOCHUS 3aPsSIKEH-
HBIX I/I/I/IJ'H/I HE3apsA’KEHHBIX J'II/IHO(I)I/IHI)HI)IX Y4aCTKOB
PaIMOKOHBIOTATOB HA HAKOTICHUE PaJIMOAKTHBHOCTH
B MOYKaX CHJIBHO PA3JIMYarOTCS M TUIOXO MOIIA0TCS
006006menuto. [Ipu ’TOM yCTaHOBICHO, YTO META0OTH-
Thl KOHBIOT'ATOB, COACPIKAIINUX PAANOAKTUBHBIC I'aJI0-
TeHBI, KaK ITPaBUIIO, OBICTPO BHIBOJISTCS U3 TOUSUHBIX
KJIETOK B MOUY, TOT/Ia KaK METa0OJIHUTHI, COIePIKaIIHe
METaJUTHIEeCKUE PATUOHYKIH/IBI, OOBITHO 3aePIKH-
BarOTCs B I30coManbHOM KommapTMenTe [11]. Coot-
BETCTBEHHO, MCIIOJIb30BAHUE ISl MEYCHUS N30TOIIOB
TaJIOTeHOB BMECTO M30TOIIOB METAJUIOB MPUBOIUT K
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3HAYUTEIBHO OoJiee OBICTPOMY CHMKEHHIO PaIUO-
AKTUBHOCTHU IMOYEK IOCIe BBEACHUs Mpernapara [25,
31-35]. B omyOnukoBaHHBIX paboTax o0cCykmaercs
BO3MO)KHOCTb UCTIONIb30BAHUS B paIHOKOHBIOrarax '*F
BMecTo **Ga npu tuarHoctuke ¢ npuMmeHenuem [19T
[32, 34]. Eme ogHUM MOAXOIOM ISl YMEHBILECHHS
PaMOAKTUBHOCTH B MOYKAX SIBJSIETCS HCIIOJIL30BAHHE
pacuienIsieMbIX JTMHKEPOB, CBSI3bIBAIOIINX JTUTAH/ H
KOMIUIEKC, copepkamii pagnonykinuy. [lomoOnsrii
JIMHKEp pacuiernisiercs: pepMeHTaMM [IeTOYHON Kaii-
MBI [104€K, TAKUMHU KaK HelTpalibHast SHIONENTHIa3a.
[ocne pacmienienns: pagroMeTaboIUuT BEIBOAUTCS C
MOYOH, HE 3aJIePKUBAsICh B ITOYKAX.

B nuTeparype ymanoch HaTH HECKOJBKO pe-
JIEBAaHTHBIX MyOJIMKALUH, TA€ OMUCHIBAJIOCH IPU-
MEHEHHE PACHICTUISIEMbIX JIMHKEPOB JJISI CHHYKCHUS
HaKOIJICHUsSI B MOYKaX paJuOaKTHBHO MEYEHHBIX
(parMeHTOB aHTUTEN U MENTHIO0B. Tpu myOnukanun
IIOCBALIEHBI UCIIOJIb30BAHUIO [10CIIEI0BATEIbHOCTEN
mnt-tapo3u (Gly-Tyr) u rmanun-nisus (Gly-Lys)
B KAQueCTBE PACHUICIUIIEMBIX JTHHKEPOB ISl MEUCHUS
(bparMeHTOB aHTUTEN 1 IENTH 0B n3otonamu *F u ']
[36-38]. Mcnonp3oBaHuE pacHIeTUIIEMbBIX JTHHKEPOB
B 9THX pabOTax CHUKAJIO PaJHOAKTHBHOCTD B ITIOYKaX
1o 6-8 pas.

I'pynna Y. Arano npumeHWIa TPUNEHOTHIHBIHN JINH-
kep, Gly-Phe-Lys (GFK), mns Fab-dparmenTtos mpo-
tuB c-kit, Meuernsix *mTc [39]. "Tc xemaTupoBaIm,
HCTIOJIB3Ysl MPOU3BOJHOE M30HUKOTHHOBOW KHCIIOTHI
2-mmukonunrunHa ([ Tc]Te-IPG). V mermeii [#MTc]
Tc-IPG-GFK-Fab noka3zain Takoe ke MoryIoieHHe OITy-
x0J1b10, Kak u [*"Tc] Te-IPG-GK-Fab (rae TpunenTi
GFK 3amenen qunentuaoMm GK): 7,65+ 1,77 vs 8,50 &+
1,54 % ID/r yepes 3 4, HO 3HAUNTEIBHO O0JIee HU3KOEe
rororenue nodkamu (3,74 + 0,49 vs 11,9 £ 2,20 %
ID/r wepes 3 u).

Ony6nukoBan psij pador [40—43] mo ucnomib3o-
BaHUIO pacIlEIUIIEMOl MOoCiieA0BaTeIbHOCTH Met-
Val-Lys (MVK) B kauecTBe TUHKEpa TIPH MEUCHUH
panuoMeTasuiaMy MenTrUa0B U GparMeHTOB aHTUTEI.
ITpucyrcrBue MVK nociienoBareabHOCTH CHUKAIIO
HaKOIUICHHE PAAMOAKTUBHOCTH B MOYKaxX B 2—3 pasa.
MOXHO OTMETUTh, YTO HUCIOIb30BAaHUE pacIlerisie-
Mo#t mocienoparenibHocT Met-Val-Lys nano Gosee
3HAUUMBIE PE3YyNbTaThl, YeM HCIIOJIb30BAHHUE MOCIIe-
nosarensHocTH Met-Ile (MI) [40].

OnHUM 13 HeIaBHUX BKJIaJI0B B 3Ty 00JacThb CTa-
mo uccnenoBanne M. Zhang et al. [44], B KoTopom
MCIIOJIb30Balil KOHBIOTAT **Ga ¢ dKCeHAHuHOM-4/
GLP-1R, npousBojHbIM 3kceHinHa-4. [Ipemnapar, co-
Jepskamuii nocaenosarenbHocth MVK, cpaBHMBaN
C QHAJOTMYHBIMHU TpernapaTamMy C ABYMS APYTUMHU
nocnenosarensHocTsiMu: Met-Phe-Lys (MFK) u Met-
Trp-Lys (MWK). Ilornomenne pagnoakTUBHOCTH
MIPUBUTON MBIIIaM OMyX0jbio INS-1 0110 CXOTHBIM
JUISL TECTUPYEMBIX aHAJOTOB IOCJI€ BBEIEHHS IO-
cnenHux B KpoBoToK. JInakepst MVK, MFK u MWK
YCIEIIHO CHIJKAJIM HAKOIJICHUE MOYEYHOW aKTHB-
HocTH Ha 40-55 % 10 cpaBHEHHIO C KOHTPOJIEM, TTPH
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sroMm JnuHKep MWK nokasan mydmime pe3yiabTaThl
[44]. MaTepecHo, YTO MOMBITKAa UCMHOIL30BaTh pac-
MIETUIIEMYIO TIoclIeIoBaTeTbHOCT: MAL (Maneow-
1 -MU3UA-TAUIMH) TP MEUEHHUHU MPOU3BOJHOTO
skcenuHa-4, NODAGA- N ¢ -3KCeHIUH H30TOIIOM
%4Cu He mpuBeNa K CHIDKEHHIO PagHOaKTHBHOCTH B
moukax [45]. BakxHo, 9TO BKITFOUCHHE PACIICTUIIEMBIX
JIMHKEPOB B COCTaB PaJMOKOHBIOIaTOB HE MPUBOIUT
K 3aMETHOMY M3MEHEHHIO BPEMEHH MPEOBbIBAHHS 10~
clenHuX B KpoBU [41, 45], uTO sIBIsIETCS CEPhE3HBIM
IPEUMYIIECTBOM JaHHOI'O IIOJXO0Aa M0 CPABHEHUIO C
NPUCOETMHEHHEM alTbOYyMUH-CBSI3bIBAIOIIMX YIACTKOB
WJIN TIOJINATUJICHIIINKOJIA.

W3menuts OnopacnpeaeieHue pagioKOHbIOraToB
MOKHO TaKXXe IPUCOSINHEHNEM PA3JIMUHBIX CBS3bI-
BaOIMUX aas0yMuH Mosiekyit. K uum otHocutcst AC/]
¢ MonekymsipHoit Maccoit 6 K/la. On npexacrasnser
c000i1 HEOOBIION TPEXCIUPAIBHBIA OSIKOBBIN 10-
MEH, OOHaPY>KCHHBIH B PA3JIUYHBIX IOBEPXHOCTHBIX
0enkax, HKCIPECCUPYEMBIX T'PAMITOIOKUTEIbHBIMA
Oaxrepusimu [46]. Takike MOKHO MCIIONB30BATh APY-
rHe aJIbOyMHUH-CBS3bIBAIOIINE MOJIEKYJIbI: ITOJIHUIETH-
JIbl, @ TAKXKE COEAMHEHMSI HeOCTIKOBOM ITPUPOIbL, TAKHE
KaK KpacuTenb DBaHca cHUI 1 noynpoden. CBs3bI-
BaHHUE allbOyMHHA C PaJIMOKOHBIOTaTOM OJIOKUPYET
(uIIBTpalMIO MOCIEIHETO Yepe3 MOUYCUHbIH (HUIBTP
B IIEpBUYHYIO MO4y. COOTBETCTBEHHO, HCKIIIOUAETCS
peadbcopOITHsT paTnOKOHBIOTaTa, YTO TOJDKHO IPHUBO-
JIUTH K YMEHBIIEHNIO HAKOTJIEHUS PaInOaKTUBHOCTH
B TIOYKaX.

HeiictBurensno, merogoMm ODIKT stoT sddexr
BBISIBJICH JIUIS paJiOKOHBIOTaTOB Fab-parmenTos ¢
"'n mocne cnustaust ¢ AC/L [47]. Ilpu 5TOM ycTaHOB-
JICHO PaJMKaJIbHOE YBEJINUCHHUE 3aEPKKU PaIHoaK-
TUBHOCTH B KPOBHU. AHAJIOTHYHBIEC PE3YIILTAThl OBLITH
MOJTYYCHBI /ISl HAaHOAHTHTEN MpoTuB Oenka CD20.
[Ipucoenunenue k rakum anturesnam ACJ ymenbia-
JI0 PaJMOAKTUBHOCTh MOYEK I10CIIE BBEACHUS PAIHO-
KOHBIOTaTa B 3—4 pasa, mpu 3TOM PE3KO BO3pacTalia
PaaroaKkTUBHOCTH KpoBH [48].

V. Tolmachev et al. uccaenosanu pons AC/] B
panuokoHbroTaTax auren (0OIHOTO U3 THUIIOB Kap-
KAaCHBIX OEJTKOB), UMEIOINX MOJCKYIIPHYIO Maccy
7 K]la [49, 50]. IToka3aHOo oueHb HU3KOE HAKOIIJICHHE
PaAMOaKTUBHOCTH B TMOYKAX MOCJE BBEJIEHUS TaKUX
pannoKoHbroraToB, coaepaxamux AC/, uepes 24 4 no-
CJIe BBEJICHNUS MbIIIaM PaAMOKOHBIOraTa HaKOIJICHHUE
coctaBisuio 4,3 % paanoaKkTUBHOCTH OT BBEICHHOU
no3bl Ha 1 1 [50]. DTa pabora UHTEpECHA TEM, YTO M0~
Ka3bIBaeT BKHOCTH MOA00PA MPAaBUIBHOTO JU3aiiHa
paauokoHbrorara, cogepsxauiero ACJl, nockoiabKy B
3aBUCUMOCTH OT CTPOEHHUS MOJIEKYIIbI HAaKOTIJICHUE
B MOYKaX pa3nInyanoch B 2—3 pasza. B mpuBeneHHoi
BBIIIIE PA0OTE JIydlINE Pe3yNbTaThl ObLIN MOTYy4EHBI
npu ucnonb3oBanun AC/ .., KOTopbIi ObLI 1I€NEHa-
NPaBJICHHO TOJIyYeH W MCCIIEA0BaH B OoJiee paHHEH
cratbe [51]. IIpoBeaeHo uccieqoBaHNE HAKOTICHUS
B moukax MeueHHoro '''In xapkacHoro Oenka, ad-
¢unnoro k HER2, ¢ mpucoennHEHHBIMH TOKCHY-
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HBIMH TIENITHIaMH, TTOJIYYCHHBIMU U3 3HJIOTOKCHHA
A. pseudomonas. YCTaHOBIICHO, UTO BKJIIOUCHUE B
COCTaB JaHHOTO pannokoHbiorara AC/[ ymeHsmano
HaKOIUICHHE PAJMOAKTUBHOCTU B MOYKax B 2,2 pasa
yepes 4 4 nnocine BBeeHus. [ Ipu 3Tom yanensHas paauo-
AKTUBHOCTb KpPOBHU yBelnuyuBajiach B 16 pas [52].

B mocnennee BpeMst omyONHKOBaH psm padoT,
B KOTOPBIX HMCCIIEJIOBaHbI COAEpIKaIlie ajabO0yMuH-
CBSI3BIBAIOIIHE YUYACTKH PAIMOKOHBIOTATHI PA3IHYHBIX
JIUTaHAO0B ¢ MOJEKyIsipHO Maccol meHee 5 Klla
[53-58]. Hy’KHO OTMETHTH, UTO B HEKOTOPHIX HCCIIE-
JIOBaHUSX TENTHIHBIX PATUOKOHBIOTAaTOB (IIENTHIA,
CBS3BIBAIOIIETO WHTETPUH av[36, u nuraagoB PSMA)
MIPUCOEINHEHNE K TPerapary CBSI3BIBAIOIIETOCS C
aTbOYMHUHOM TICTITHIA MMPUBOIUT K YBEIUYCHUIO
PaINOaKTUBHOCTH TOYEK, OUYE€BHUJIHO, M3-32 MHOIO-
KpPaTHO YBEJIMUYEHHOTO BPEMEHU IUPKYJISIIMHA TAaKUX
PaaMOKOHBIOraToB B KpoBHU [54—57]. [Ipu a3ToM paauo-
KOHBIOTAThI, CIOCOOHBIE CBSI3BIBATHCA C aJTbOYMUHOM,
CHJIbHEE HaKaIUIMBAJINCh B OIYXOJISIX, YeM KOHTPOJIIb-
Hble. B KITMHUYECKOM HCCIIeJOBAHUHM OTMEUYEHO, UTO
y TIAIIMEeHTOB TOTJIONICHHAS /1032 PaIHOAKTUBHOCTH B
MMOYKaX YBEIMYMIIACh B 6 pa3 Mmociie MpUCcoeTnHEHNS
K panuokoHbiorary '"Lu-PSMA-617 csi3biBatoreit
apOyMUH MOJIEKYITbI KpacuTellst DBaHca CUHero [56].
[Ipu nccnepoBaHUM paguOKOHBIOTATA TETITHIHOTO
muranga pernentopa GLP-1 skcenmun-4 ¢ 'In mpu-
CYTCTBHE allb,OyMHUH-CBSI3bIBAIOIIETO YUYACTKAa YMEHb-
a0 pajuoakTUBHOCTH MOYeK B 6 pa3 depes 4 4
IocJie BBEACHUS METKH B KPOBb MbIimiei. [1pu aTom
3aJiepKKa panoaKTHBHOCTH B KPOBH yBETNIHBAJIACH
B 52 pa3a, a HAKOIUIEHHE B OITyXOJU YMEHBIIAJIOCh
B 1,7 pa3za [53]. [loka3aHo, 4To OuopacmpeseieHue
PaIMOKOHBIOTATOB JIUTAH/I0B C HU3KOH MOJIEKYJISIPHON
MacCOM, TOyYHBIIUX CTIOCOOHOCTH CBS3BIBATHCS C
anbOyMUHOM, OYCHb CHUJIBHO 3aBHCHT OT CTPOCHUS
Monekyn. Tak, 3aMeHa JTUHKepa, MPUCOCAUHSIONIETO
aTbOyYMUH-CBSI3BIBAIOIINI YIaCTOK B COCTaBE PaHoO-
rkoupiorara '"Lu-PSMA-617, MeHsIa HaKOIUIEHHE
paanoakTUBHOCTH B | T Tkanu rmoyek ot 51,9 10 10,9 %
OT J103bl, BBEJICHHOM MbIIIaM 3a 24 4 10 U3MEpPEHUSL.
OTHOMIEHHUS PaJUOaKTHBHOCTEH OMYyXOJb/KPOBb
TaK)Ke BaphbHpoBasv OT 17 10 46 B 3aBUCUIMOCTH OT
cTpoeHus iuHKepa [55]. B npyroii paboTe pajinoKOHB-
torat "Lu-Ibu-DAB-PSMA, B koTopom ubympodeH,
CBSI3BIBAIOIINN alTbOyMWH, OBLIT KOHBIOTHPOBAH Yepes
MOJOKUTEIHHO 3apPKEHHYIO AUAMHHOMACISHYIO
KHCJIOTY, IPOIGMOHCTPHPOBAII OoJiee OaronpusiTHbIC
OTHOIICHHS PAJUOAKTUBHOCTEH OITYyXOJb/KPOBb H
OITYXOJIb/TIOYKA 110 CPABHEHHIO C PAJIMOKOHBIOTATOM,
[TOJTyYeHHBIM KOHBIOTAIIUEH uepe3 apyTue JTNHKEPHI
[58].

[IpencraBieHHbIC NaHHBIE MOKa3bIBAIOT, YTO
CITOCOOHOCTH CBSI3BIBATH ATLOYMHUH NMPHUBOAUT K
CHIDKEHHWIO PAJMOaKTUBHOCTH B TIOYKaX TPH BBe-
JIEHNH B KPOBBH PaJMOKOHBIOIATOB HAa OCHOBE OT-
HOCHTEJIBHO KPYIHBIX OCJIKOBBIX MOJICKYJ, TaKUX
kak Fab-dparmenTsl n kapkacHsle Oenku. OnHako
MIpUCOeINHEHNE aTbOYMUH-CBS3BIBAIONINX YYaCTKOB
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K paJIMOKOHBIOTaTaM Ha OCHOBE JIMTaH/10B, UMEIOIIUX
MOJIEKYISIpHBIN Bec MeHee 5 KJla, MoKeT NpuBOIUTh
K YBEJIMYCHUIO 33JIePKKHU PAIHMOAKTHBHOCTH B IIOYKAX
TOCIIe BBE/ICHNUS TaKUX MPETaparos.

CBsi3bIBaHME Pa3IMYHBIX OCJIKOB U MENTHJIOB C
MOJUATHIICHTIINKOIEM (TI3TUIMPOBAHKE), BKIIOUas
(bparMeHTBl aHTHUTEII, UCTIONIB3YETCS ISl YMEHBIIICHHS
MOYEYHOTO KIMPEHCA ITHX MOJIEKYT U 3a/IePKKH UX
npeObIBaHus B KpOBOTOKE [59—64]. D ekt nocTura-
eTcsl 3a CYET YBEIMUEHHS MOJIEKYIIIPHOM MacChl BBIIIE
ropora TIOYeYHOH (PUIIBTpAIly, a TaKxkKe Olaromaps
CHIDKeHMIO poTeom3a. M. Rashidian etal. [61] ucce-
JtoBask 3O (HEKT MPUCOCSTUHEHUS TTOTUI TUIICHITTUKOIS
K MeYeHHBIM ¥Zr HaHOaHTHTeIaM poTuB Oenka CD8
T-mumdonntos. [IpoBoaunocs caifiT-creruduueckoe
npucoeauHenue ocratkos 131" maccoit 5, 10 nnu
20 k/la ¢ yuactuem ¢epmenta coprassl. [Ipucoenu-
Henue octatka [I3I" maccoit 20 KJla ymensiiano
HAKOIUICHHE B TIOYKAX B 4 pasa mociie BBEICHUS Tpe-
rnapara B KpoBb Mblllel. [IpucoennHenue ocrarkon
[T ¢ MeHbIIel Maccoi BbI3BIBAIO Oosee cralOblit
s dext. OaHAKO TPH 3TOM YBEIHMUHBAIACH 33IePIKKa
PaIMOaKTHBHOCTH B CEP/ICYHON MBIIIIIE, YTO TOTHKHO
OBITh CBSI3aHO C YBEJIIMYCHUEM BPEMEHH NMPEObIBAaHUS
paAMOKOHBIOTaTa B KpOBU. PajiioakTUBHOCTH cep/iiia
naJjiana B JiBa pasa B cpeliHeM 3a 6,9 MUH, eCITi pajro-
KOHBIOTAT He coneprkan ocratko [191. [1pu mpucoe-
nuHennu octatkoB [1D21 maccoit 5 K/la k Monexymam
panuoKoHBIOTaTa MON00HOE MaJeHUE TPOUCXOAMIIO
3a 18,6 MUH, IpH IPUCOEAVHEHNN OCTaTKOB Maccoi
10 x1a —3a 35,0 MuH, Ip1 IPUCOCAUHEHUHN OCTATKOB
Maccoit 20 k/la — 3a 183,2 muH. O4eBHIHO, YTO I3-
TMIIMPOBAHUE PAANOAKTHBHO MEUEHHBIX HAHOAHTHUTEN
Kk CD8 npuBOAUT K YMEHBIICHUIO UX HAKOIUICHUS B
MOYKaX U OJHOBPEMEHHO C STUM PE3KO YBEIHMUUBACT
WX 33JIep’KKy B KPOBOTOKe. B mpyrux paboTtax Takxke
MOKa3aHo, YTO 3aJIepXkKKa PaTUOAKTUBHOCTH B KPOBH
Y BeJIMYMHA €€ HAKOTJICHHS B IPUBUTON MBIIIAM OITy-
XOITH TIPSIMO TIPOTIOPIIHOHAITEHBI Macce MPUCOSTMHEH-
Horo [13T, a BeirurHa HAKOTUTCHUS PaTHOAKTHBHOCTH
B MOYKaX MMEET O0paTHYIO 3aBUCHUMOCTH [63, 64].
[TonoOHbIi 3pdheKkT 1aBao MArmIMPOBaHHE MEYCHHBIX
""In peyxBaneHTHbIX nuaten npotiuB TAG-72 ¢ Mo-
JeKynsipHO Maccoit 52,5 k/la. HanGonbmuii a3 dexr
JOCTUTAJICSl IPU UCIOIB30BAHUHU MATHIINPOBAHHBIX
MeueHbIx auarena npotuB TAG-72 ¢ MoJeKyIspHOM
maccoit 70 x/la, y nuaten ¢ maccoit 60 x/la apdext
ObUT MeHbIIE [64]. DTO MOATBEPKAAET BOSMOXKHOCTD
noa0opa HEOOXOJUMBIX CBOWCTB MATUIMPOBAHHBIX
PaIMOKOHBIOTATOB TIPHU UX KOHCTPYHUPOBAHUH.

IIperaprerunr

Emie omauM moaxoaoM, UCTIONb3yEeMbIM [ Yyd-
meHus: onopacupenenenus POIL, sBusercs meTton
MIpeTapreTUHTa, WU MPEABAPUTEILHOTO HATICINBA-
Hust. [Ipr uCTIOIB30BaHUH ATOTO METOAA 00PA30BAHNE
KOMILJIEKCA «QHTUTEIIO — PATUOHYKIIU TPOUCXOIUT
BHYTpH opranusma. Ha mepBoM 3tarie uenoBeky BBO-
AT cuen(UIHBIC U1 MHUIICHH aHTHTENa WA UX
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(parmenTsl. [loce cBA3bIBaHMS 3THX aHTHUTE C I1eJTe-
BBIMHU @aHTUTCHAMH (MHULICHSIMH) ¥ YAAJICHUS U3 KPOBU
HECBSI3aBILUXCSI BBOIUTCS paguoHykiIu. [locnennuii
COGIMHSCTCS C aHTUTEIIAMH, YTO TIO3BOJISET ITPOBECTH
JMUArHOCTHKY WM TEPAaInio OIyXO0JeBOro 3aboeBa-
Hus. [[ppmMeHenne Takoro moixo/a no3BoIseT yMeHb-
LIUTH BPeMs IUPKYJIUPOBAHUS paJHOHYKIINIA B KPOBH
M ero HaKOIUIGHHWE B OpraHax, 4ToO JOJDKHO CHH3UTh
paaranoHHOe OONydeHHe U yBEIWYUTh KOHTPACT-
HOCTh M300pakeHUs MPHU TEparvu U JUArHOCTHKE C
ucnonb3oBanuem 11T wnu ODIKT.

Jis mpeTapreTHHTa OOBIYHBIM SIBIISIETCS HCITOIb-
30BaHHEe OM(PYHKIIMOHAIBHBIX WA MYIbTH(QYHK-
LMOHANBHBIX aHTUTEN. [Ipn aTOM aHTHTENO MMeeT
CPOJICTBO K LI€JIEBOMY aHTUT€HY U K KOMILJIEKCY «TaIl-
TeH — paguoHyKiIu» [65-67]. Takxke pacnpoctpa-
HEHO W NPUMEHEHHUE Maphl CTPENTABUINH — OUOTHH
JuiE 00pa30BaHMs CBSI3U MEXKIY aHTHUTEIIOM WIIH €T0
(parMeHTOM W PaAMOHYKIHJOM BHYTPH OpraHH3Ma
[68—71]. B nocnennee necstwieTue AJis NpeTapre-
THHTA UCTIONB3YIOTCS KapKacHble Oenku [72, 73], ru-
Opuam3anyst KOMIUIEMEHTAPHBIX OJMTOHYKJIEOTH/IOB
[74, 75] n xmuk-xumust [76, 77].

Wcnons3zoBanne mperapreTuHra Mno3Bojsier J10-
OUTBHCA HUBKOTO HAKOTUICHHS PaJUOAKTHUBHOCTH B
MOYKax MpH MPUMEHEHUH B Ka4eCTBE pajnodapmIpe-
MapaToB MOJIEKYN C MOJIEKYJISIPHOM Maccoil MEHbIIe
70 x/la. ITpyu ucronb30BaHUN OJUTOHYKIEOTHAHBIX
30H0B, MeueHHEIX ""Lu, I TpeTapreTHHra, oro-
CpPEIOBAHHOTO KapKAaCHBIMU OeIKaMH, MOoa00Has
OTHOCHUTENbHAS PaJIMOAKTUBHOCTD TIOUEK MBILICH HE
npesbimana 10-15 % Ha 1 r Beca depe3 4 4 mnocne
nabeKInH [78]. Pe3ynbrar SBIsSeTCS TUITHIHBIM TIPH
[IpeTapreTHHre He3aBUCUMO OT TOTO, KAKHUE MOJIEKYITbI
HCHIOJIB3YIOTCA JUIsl CBSI3bIBAHMS ¢ MHIIEHbIO. [lpn
WCIIOJB30BaHUN TIPEIBAPUTEIHLHOTO HAIleTUBAHUS
MaKCHMaJIbHOE HAKOTUIEHNE PaJINOAKTUBHOCTH B 110U~
Kax 00bI4HO cocTasisgeT oT 1-2 1o 15 % Ha 1 r Beca
oprasa OT BBeJIEHHOU 103wl [76, 79, 80]. IIpu sTom
HaKOIIJICHHE PaTUOAKTUBHOCTH B OITYXOJIH, HECYIIEH
IEeJIEBOM aHTUTEH, MOXET OBITh 3aMETHO BBIIIE, YEM
B moukax [76, 80].

[IperapreTHHr BBINISAUT OYE€Hb MEPCIIEKTHBHBIM
1t yoryatnenus onopacnpenesnenus PO Oqaako moka
OH He HalIeJ IMPOKOTO IPUMEHEHHS B KITMHUYECKOH
MpaKTHKE, HeCMOTps Ha Oorniee yeM 30-JIETHIOK HCTO-
puto uccnenoBanuii [81, 82]. IIpeTapreTunr spuseTcs
MHOTOATAITHBIM TPOIIECCOM, UTO JIENIAET €T0 Pa3padoTKy
CIIOKHOM M TOPOTOCTOSIICH, METOI TpeOyeT TIIaTeh-
HOW ONTHMHU3AIMK KaK JUIs pa3paboTKu OUYHKIHO-
HaJIbHBIX aHTHTEN M MaJIbIX MOJEKYJ, TEePEHOCAIINX
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AHIM'MOTIEHES MNPU PAKE QHOOMETPUA:
KIMIMHWYECKOE U BUOJTIOM'MYECKOE 3HAYEHUE

W.B. Man6opoauH', M.A. NoHuapoB', A.W. LLesena’, C.3. KpacunbHukoB?,
A.O. lymeriknnHa?, B.1N. Man6opoguHa’

OIrBYH «MHCTUTYT Xmmmyeckorn buornorumn n dyHgameHTanbHon MmeauumHsel CO PAH»

Poccus, 630090, r. HoBocubupck, np. ak. JlaBpeHTbeBa, 8

20IAOY BO «HoBocuburpckuii HaumoHanbHbI MccneaoBaTenbCkuUiA rocyAapCTBEHHbIN YHUBEPCUTET»
Poccus, 630090, r. HoBocubupck, yn. Muporosa, 2

AHHOTauuA

Llenb nccnepoBaHusa — o600LlEHNE NMELLMXCA AaHHbIX 06 0COBEHHOCTAX BacKynspu3aumMm aHOoMe-
TpuougHon apgeHokapuuHombl (SAK). MaTtepuan n metoAbl. [Monck COOTBETCTBYIOLLUX UCTOYHUKOB Obin
npounsBeneH B 6a3e AaHHbIX «PubMed» no knioyeBbiM cnoBam «endometrium + cancer + angiogenesis» u
«endometrium + cancer + angiogenesis + lymph». 13 BeiGpaHHbIX MICTOYHMKOB B JaHHbI 0630p BKITHOYEHO 78
nybnukauuini. PesynbTaTbl. AHroreHes npeacraBnseT cobon BaXHbIM 1 HEOOXOAMMBIN 3Tan B MNOSIBNEHNM,
nporpeccmpoBaHuy n metactasmpoBaHumn SAK, n3yyeHve BackynsapusaLmm onyxonm OTKpbIBaeT BO3MOXKHO-
CTU NS ynyyleHns AMarHoCcTUKM 1 NepCcoHann3MpoBaHHOro noaxoaa k nedeHnto. Cocyamcras nnoTHOCTb
Koppenupyet ¢ npoasuHyTon ctagmen SAK, BbICOKOM 3r0Ka4eCTBEHHOCTbI, UHBA3ne MMOMETPUS, nopa-
KEHWEM LUeNKN MaTK1, NpuaaTKoB, NpopacTaHneM COCydoB, MeTactazamu B numdartuydeckue yanbl (1Y),
NPUCYTCTBUEM PaAKOBbIX KNETOK B MEPUTOHEANBHOM XMUAKOCTU, HU3KOW OOLLEN BbKMBAEMOCTbLIO U BbIXKMBaE-
MoCTbto 6e3 nporpeccrpoBaHus onyxonu. MNMpu aTom ecTb Nybnvkauum, oTpulatoLLme CBA3b BaCKynspusaLmm
C FTMCTOTUMOM U CTENEeHbI0 AMddepeHLMPOBKM ONyXonn, MMM OBACKYNSpHON HBa3nen, Metactasamu B J1Y,
rnybvHoM nNpopacTaHms MUOMETPUS U faxe [oKasblBaloLmMe, YTO NNOTHOCTb MUKPOCOCYLOB He SBMSAETCS
He3aBUCKMbIM NPOrHOCTUYECKUM hakTopoM. Takum 06pa3omM, HET eAMHOro MHEHUS!, O YEM CBUAETENLCTBYET
HM3Kas Unu Boicokas Backynsapusaumnsa AK. B nocnenHee Bpemsi co3gaHo MHOXKECTBO NPenapaTtoB, BINsiHO-
LUMX Kak HENOCPeACTBEHHO Ha MPOLIECChl aHIMoreHesa, Tak U Ha UHAYKTOPbI U (hbaKTopbl, KOHTPONMpYOLE
pocT cocynoB. K coxaneHuto, 3T cpeacTBa 0bnagaroT A0CTaTOMHO BbICOKON TOKCUYHOCTbIO, U K HUM BbICTpO
pa3BMBaETCA PE3UCTEHTHOCTb. 3akoyYeHue. HecMoTps Ha MHOrOYUCIIEHHOCTb NyOnMKaLmMin pesynsrTaTtoB
nccnefoBaHnii, NOCBALLEHHBIX U3YYEHWI0 POPMUPOBAHKS KPOBEHOCHBIX COCY0B, Y €OUHUNYHbIE AAHHbIE O
nuMmdoaHrmoreHese npu JAK, B nMTepaTtype OTCyTCTBYIOT pe3ynbraThl N3y4YeHUsi UBMEHEHUI BacKynspuaa-
unn JTY npu ruHeKonorn4eckom pake, Torga Kak npoaHrmoreHHble U aHTUaHrmoreHHble akTopbl AMccemMu-
HUPYHOTCS MO BCEMY OpraHM3Mmy W JOMKHbI MPOSIBUTH CBOE AENCTBUE B OTAANEHHbIX OpraHax v TkaHsx. o
N3MeHeHUsM Backynsipusauum J1Y, BUaumo, CTaHyT BO3MOXHbIMU NpeAcKasaHne akTUBHOCTY aHrmoreHesa B
NnepBUYHOM OMYyXONEBOM Y3I1e 1 OLIEHKa KaK MPOrHo3a Te4eHnss OCHOBHOIO npoLecca, Tak U 3 eKTUBHOCTU
neveHus. Kpome TOro, 3HaumTenbHasi BbIpaXKEHHOCTb COCYAUCTON CETU B YBEMUYEHHOM 1 GUONTUPOBAHHOM
JIY MoXeT aABnATbLCS CMMNTOMOM Pa3BUTUS 3N0KAYECTBEHHON OMyXoNnu B permoHe NumMdooTToKa Aaxe npu
OTCYTCTBMN METacTa30B.

KnroueBble cnoBa: OHyXOﬂeBblﬁ aHrmoreHes, BacKynsipusauua onyxosnu, aHaoMmeTpuonaHasa ageHoKapLuu-

HOMa, (haKTop pocTa 3HAOTENMUSA COCyAOoB, (haKTOPbl aHrMOreHe3a, NPOrHocTuYeckue hakTopbl, NUMdaTu-
Yyeckue yanbl.

#=7 ManbopoauH Uropb BaneHTuHOBMY, imai@mail.ru
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ANGIOGENESIS IN ENDOMETRIAL CANCER:
CLINICAL AND BIOLOGICAL SIGNIFICANCE

I.V. Maiborodin', M.A. Goncharov', A.l. Shevela', S.E. Krasilnikov?,
A.O. Shumeikina? V.l. Maiborodina'

"Institute of Chemical Biology and Fundamental Medicine, Russian Academy of Sciences, Siberian Branch
8, Akademika Lavrenteva St., Novosibirsk, 630090, Russia

°National Research Novosibirsk State University
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Abstract

Objective: to summarize the available data on the features of vascularization of endometrioid adenocarcinoma
(EAC). Material and Methods. The search for relevant sources was performed in the “PubMed” database
using the keywords “endometrium + cancer + angiogenesis”, “endometrium + cancer + angiogenesis +
lymph”. Of the selected sources, 78 were included in this review. Results. Angiogenesis is an important and
necessary stage in the pathogenesis of the appearance, progression and metastasis of EAC and, thus, the
study of tumor vascularization provides an opportunity to improve diagnosis and personalized approach to
treatment. Vascular density correlates with advanced stage of EAC, high grade of malignancy, myometrial
invasion, cervical and adnexal lesions, vascular invasion, metastases to lymph nodes (LN), the presence
of cancer cells in the peritoneal fluid, low overall survival and survival without tumor progression. There are
publications that deny the connection of vascularization with the histological type of tumor, its grade, lympho-
vascular invasion, lymph node metastases, the depth of myometrial invasion, and these publications even
prove that microvessel density is not an independent prognostic factor. So, there is still no consensus and
final opinion, as evidenced by low or high vascularization of EAC. Recently, there are many drugs that affect
both the processes of angiogenesis directly and the inducers and factors that control vascular growth. Unfor-
tunately, all such drugs have a fairly high toxicity, and resistance to them very quickly develops. Conclusion.
Despite numerous results of studies devoted to the study of the formation of blood vessels and isolated data
on lymphangiogenesis in EAC, there is no data in the literature on studying changes in the vascularization of
LN in gynecological cancer. However, proangiogenic and antiangiogenic factors are disseminated throughout
the body and must exert their effects in distant organs and tissues. Based on changes in the vascularization
of LN, it will apparently become possible to predict the activity of angiogenesis in the primary tumor, assess
the prognosis of the disease, and the effectiveness of the treatment. In addition, significant expression of the
vascular network in an enlarged lymph node biopsied for diagnosis may be a symptom of the development

of a malignant tumor in the lymph collection region, even in the absence of metastases.

Key words: tumor angiogenesis, tumor vascularization, endometrioid adenocarcinoma, vascular
endothelial growth factor, angiogenesis factors, prognostic factors, lymph nodes.

Beenenue

Pak sumomerpus sBiIseTcss Hamboyiee YaCTHIM
3JI0Ka4€CTBEHHBIM HOBOOOpa30BaHHEM Tejla MaTKH
u B 90-95 % cnyuaeB npeacrasisieT coOOOH dHI0ME-
TpruouaHyo ageHokapiuHomy (DAK), Bo3HHKarOILy 10
W3 CJIOS JKEJIEe3UCTOTO AmuTenus. J[aHHast omyxob
SBJISIETCS BTOPOH MO PacTipOCTPAHEHHOCTH y JKEHIITUH
MocJie paka MOJIOYHOH KeJe3bl U HanboJiee 4acThiM
3710Ka4€CTBEHHBIM HOBOOOPA30BaHKUEM IOCIIE MEHO-
ray3bl, pOCT 3a00JIeBa€MOCTH OTMEYAeTCs KaxIblil
rOJI, a TIOBBIIIEHHAs YacTOTa BCTPEYaEMOCTH CBsI3aHa
C BO3pacToM, O)KHUPEHNEM, TUIIEPTOHUEHN 1 THIT03CTPO-
reaueil. YpoBeHb 3a0osneBaemoctu DAK cocrapisieT
19-21/100 000 B CIHA u Kanane, 12-18/100 000 B
Esporre, 10-12/100 000 B ABcTpanuu u HoBoit 3enan-
qun 1 0,9—5/100 000 B A3uu u Adpuke. Hecmotpst Ha
Hay4HbIE JJOCTHKEHUS, 3200JIeBaeMOCTh M CMEPTHOCTD
ot DAK mpopomxkatot pactu [1-3].

AHTHOTreHe30M Ha3bIBaeTcsl 00pa3oBaHNe HOBBIX CO-
CY/IOB U3 paHee CyILECTBOBABILNX, 3TO IPOUCXOIUT BO
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BpEMs perapary Mocje TpPaBM U B OCHOBHOM HHUIIAH-
pyercs umemueid. Hu3kuii ypoBeHb BHyTPHUKIIETOHYHO-
'O KHCJIOPO/ia BBI3BIBAET BRIPAOOTKY MPOAHTHOTEHHBIX
(hakTOpOB, UX CEKPELHUIO B OKPY’KalOlIMe TKAHU U
CBSI3bIBaHME C KallMJUIIpaMH WIN apTepHOJIaMU, 3a-
ITyCKasi pOCT HOBBIX COCYNOB. DTOT (DU3HOIOTHUCCKUN
MIPOLIECC PETYIUPYETCs MPO- U aHTHAHTHOT€HHBIMU
MOJIEKYJIaMH, B OCHOBHOM ITUTOKMHAMH. AHTHOTE€HE3
OYEHb BaXKEH AJIS )KEHCKOH pEnpOAyKTUBHOW CHCTe-
MBI, T7Ie 00€CTIeurnBaeT MUKINIECKHE MEHCTPYyaIbHbIC
M3MEHEHHs U yCIelIHylo OepeMeHHOCTh. Bmecte ¢
9THUM, aHTUOT'€HE3 — O/INH U3 BaKHEHMIIINX MPOLIECCOB B
[aToreHese paka, IOCKOJIbKY OH He0OXOIUM [UIsl pocTa
OITyXOJIY, HEKOHTPOJIUPYeMOH nponudepannu, HHBa-
3WH, 3MUTEINAIBHO-ME3eHXNMAJIbHOTO Mepexoaa u
METacTaTHYeCcKOro pacnpocTpaHenus. Hemocrarounoe
MHIMOMPOBaHKE aHTUOTCHE3a CIIOCOOCTBYET Pa3BUTHIO
1 OBICTPOMY POCTY OITyXoJeii [4, 5].

Ha navanbHOM 3Tane pa3BUTHS paka, 10 TOTO Kak
pa3Mep OIMyXOoJu HNPEBBICHT 1—2 MM®, OH He 3aBUCHUT
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OT COCYIUCTOH CETH, MOCKOJbKY MUTATEIbHBIC Be-
LIECTBA U KUCJIOPOJ MOTYT OBITH IOJYYEHBI IIyTEM
mupdysnn. Ha Gonee mo3gHuX CTagusx KaHIIEPO-
reHe3a Takoe MOCTYIUICHHE MUTATEbHBIX BEIICCTB
CTaHOBHTCS HEAOCTaTOYHBIM. M3-3a ObIcTpOro pocra
OITyXOJIM, BBICOKOT'O MHTEPCTULIMAIBHOTO JABICHUS
1 OOJIBIIMX PACCTOSTHUNA MEX/ly PAKOBBIMHU KJIETKAMU
U KamuJUIsipaMu B OITyXOJISIX HAUMHAETCS ¥ MPOrpec-
CUpyeT TUIOKcHs, KoTopast pu nocpeactse HIF-1a
(hypoxia-inducible factor 1-alpha, mHayImpyemslii Tu-
TToKcHel hakTop-1a)) aKTUBHPYET TPAHCKPHITITHIO Ha-
00pa KIIFOUYEBBIX TEHOB, YYAaCTBYIOIINX B BEDKUBAHUN
KJIETOK B yCJIOBUSIX TUTIOKCHH, B TOM YHCJIC B 3aITyCKE
anruorenesa [6]. Takum 00pa3om, BHYTpU U BOKPYT
OITyX0JH (hOpMHUpPYETCst HOBast COCYUCTAsI CETh, 00e-
CTICYHMBAIOIIAS OITyXOJIEBbIC KJIETKU MUTATEIbHBIMU
BEIIECTBAMHU U KUCJIOPOAOM, a TaKKe HeTPEepPhIBHBIN
POCT 1 HeorpaHUUYCHHYIO nipoiudepannto. OxHoBpe-
MEHHO 3Ta COCYIUCTas CETh CIIYKUT JUIs pacipocTpa-
HEHUs MeTacTa3oB [4].

B cBs13u ¢ 60nbILION MPOTUBOPEUUBOCTHIO yOIIH-
Kanuii ¥ 11t 0000IIeHUs pe3yNbTaTOB MOCIEIHUX
WCCIeTOBaHMI 0COOEHHOCTEH aHTHOTeHe3a 1 BaCKYIIs-
pusamn DAK, ee Tepanuu v mporHo3a TeueHus 3a00-
JIeBaHMsI IPOBE/ICH MTOUCK JIUTEPATYPhI B 0a3e TaHHBIX
«PubMed» mo kimoueBbIM ciioBaMm «endometrium +
cancer + angiogenesis» (3a 20222024 rT. HaiineHo 59
nyonukanuii) 1 «endometrium + cancer + angiogenesis
+ lymph» (c 1987 r. o HacTosi1Iee BpeMs BbIsIBICHO 54
cTathy). B maHHBI 0030p BKIIFOYEHO 78 HCTOUYHHKOB.

IlaTtorene3 aHruorenes3a

MpH paKe YHTOMETPHUs

Paznuunabie 10OpOKadeCcTBEHHBIE W 3JI0Kade-
CTBEHHBIC MPOTIECCHI B DHAOMETPHUH SIBIISIFOTCS TIPH-
YUHOW COCYAMCTBIX U3MEHEHUW, TAaKMX Kak 3acTOM,
JIAJIATAIMS M IPEPBIBUCTOCTh COCYUCTHIX 000JI0UEK.
J1s MOppOMETPUYECKOTO aHAIN3a BaCKYIISIPU3AIIUT
N.M. Bhosale et al. [7] npoBeneHO MONEPEYHOE HC-
CJIeZIOBaHME SHJIOMETPHS y MALUEHTOK C aHOMaJIbHbBIM
KpoBoTeueHueM. CpeHee KOIMUYECTBO BCEX KpOBe-
HOCHBIX COCY/IOB M OT/IETBHO KPYITHBIX B 9HJIOMETPUHI
6pu10 OombIne Tpu DAK 1 runepriiazum SHI0OMETPHS
0e3 aTHITIH 10 CPABHEHHMIO C PO epaTuBHON (Ba3oi,
ceKpeTopHOii pazoii u arpodueit. Hapymenus popmbl
COCYIIOB | SIBJICHUS 3aCTOsI HAOIIOAIH BO BCEX CIIY-
gasx DAK, arpodun u runiepriazuu dHIOMETpus 0e3
arunun. Kpome Toro, npu DAK Taxoke 6110 HallIeHO
BBIPAKEHHOE PACIIUPEHUE KPOBEHOCHBIX COCYIOB.

WNmewmust ormyxonu BEI3BIBA€T WHAYKIMIO aHTHO-
reresa. [umokcuro DAK orneHnBanm Ha OCHOBAaHUH
skcripeccun reHoB HIF-la u xapOoanrunapassr 1X
(CA-IX). IlmoTHOCTB cOCYIOB ObLTa 3HAYUTEIHHO
Huxe, a 3kcnpeccust HIF-1o — Bblmie B peuuauBu-
pyromieit DAK, o cpaBHEHHIO C €€ K€ IMePBUIHON
OITyXOJIbIO, YTO MOATBEPKAAET POJIb THIIOKCHUU B pas-
Butuu peruansa IAK [8].

JKupoBasi TkaHb — SHJOKPHUHHBIN OpraH, CUHTe-
3UPYIONMIUI aIUTTOKUHBI — OMOJIOTHYECKH aKTHBHEIE
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BEILIECTBA, YYaCTBYIOIIHE B POCTE U AUPHEepEeHLIUPOB-
Ke KJIETOK, aHTHOTEHe3¢e, alloNTo3e U KaHIIepOreHe3e.
OXupeHHE ABISETCS XOPOIIO U3BECTHBHIM (PaKTOpOM
pucka pazsutus DAK. Cpenu Bcex HOBOOOpa30BaHMUIA,
CBSI3aHHBIX C O)KUPEHUEM, YPOBEHB 3a00JIeBAEMOCTH
u cmepTHOCTH 0T DAK Hambolee TeCHO CBsI3aH C 10-
BBIIIEHHBIM MHJIEKCOM Macchl Tena [9]. [lo MHeHuto
P.P. Wang et al. [10], ypoBuu nentuna npu DAK He
3aBHUCAT OT MH/IEKCA MACCHI, a JIETITUH SIBJIsIeTCS He3a-
BUCHMBIM (DaKTOPOM Pa3BHUTHSI STOH OIMYXOJIH.

AJIMTIOHEKTUH W JIETITUH SIBISIOTCS Hamboiee
Ba)XHBIMU ainnokuHamMu B pa3Butun JAK. Jlentun —
OCHOBHOM (paKkTOp, peryIupyOLINI Maccy Teja yepes
yTpaBlIeHNE SHEPTETHUECKUM OalaHCOM U METa0O0ITH3-
MOM IJTIOKO3bI. Bo Bpemst kaHIIeporeHnesa JenTrH CIo-
COOCTBYET OITyXOJICBOMY aHTHOT€HE3Y, Tposrdeparuy,
MUTPAlUK U MHBa3UH U TOJABIISIET AllONTO3 PAKOBBIX
KJIETOK. YKa3aHHbIE aJJUITOKMHBI MOYKHO HCTIONIb30BATh
HE3aBHCHMO WJIM B BHJE COOTHOIICHHS B KaueCTBE
HOBBIX MapKepOB IPHU ONPEIEICHNH MTOTEHIINATHLHOTO
pucka pazsutust DAK unu B ero npornoze [11, 12].
Kpome Toro, Oonpiine Koiu4yecTBa aJUIOKHHOB U
JIPYTUX IIATOKHHOB CMIOCOOCTBYIOT MPUBJICYECHUIO Ma-
Kpo(aroB ¥ HAPYIIAIOT GYHKIIHIO aJIUTTOIUTOB, YTO B
KOHEYHOM HTOT€ BBI3bIBAET XPOHUUECKOE BOCIIAJIEHHE
U CIIOCOOCTBYeT KaHIeporenesy [13].

V manmenTok ¢ AK oOHapyKeHbI 3HAYUTEITHHBIE
YPOBHH JIENTHHA, 0COOEHHO HA MO3IHUX CTAIHAX U C
OoJiee BBICOKOH CTETIEHBIO 31I0Ka4eCTBEHHOCTH. JKeH-
IIMHBI C OONTBIIAM COIEPIKaHUEM JISTITHHA B CHIBOPOTKE
KPOBHU MMEJTH MOBBIIIEHHBIA PUCK TUM(OBACKYIIIPHON
WHBA3UH U METACTa3UPOBAHUS B TUM(ATUICCKUC Y3ITbI
(JIY). Kpome Toro, rinyOuHa MHBa3uu MUOMETPHS
KOppeIupoBaia ¢ YPOBHEM JIENITHHA, & DKCIPECCHS
JIENTHHA W JISITHHOBBIX PEIENTOPOB BIUSAET HA BBI-
>KuBaeMocThb 00pHBIX TpU DAK [12]. In vitro w in vivo
MOKa3aHO, YTO JIENTHH TaKKe CTUMYJHPYET Mposude-
paryio U U GepeHInPOBKY SHAOTEIUOIHUTOB [ 14,
15]. JlenTuH Tak)e HHIYIUPYET CEKPEIIUIO U CHHTE3
npoTeas U MOJICKYJI aJire3uu, HeOOXOAUMBIX JIJIsl aH-
ruoreHesa [ 16], u BIugeT Ha CTPOMaJIbHBIC KIETKH U
OIIyX0JICaCCOLIMUPOBAaHHBIE Makpodaru, UMeIoIne
JIENTUHOBBIE peuentopsl U cexperupyroumue VEGF
(vascular endothelial growth factor, gakTop pocta
SHIOTENUsS cCocyoB) u unrepneiikud-1 (MJI-1) [17].

K.E. Baumann et al. [ 18] orieHnBa# CBsI3b MEXKTY
JTUETON ¥ aHTHOTCHHBIMH OMOMapKepaMH y MBbIIIei
KpB, a Taxxe cBsi3b MKy STUMU MapKepamu, MH/IEK-
COM MaccChl TeJia U 00111eH BBKUBAEMOCTBIO TP paKe
BBICOKOH CTENEHH 3/I0Ka4eCTBEHHOCTH. He BhIsBIIEHO
CBsI3U MexX Ty akcnpeccueii CD3 1 B ommyXxonu u AUETOM.
Omnako VEGF MoXeT ceKkpeTHpoBaThCs KHPOBOU
TKaHbIO, U, TAKUM 00pa3oM, aHTHOTEHE3 HaNpsMyIo
CBs3aH ¢ oxkupenueM [19].

TakuMm 00pa3om, pOCT OImyXoiH Oojiee KaKoro-To
o0beMa TIPUBOANT K TUMIOKCHH €€ KIETOYHBIX die-
MEHTOB, TPOAYKIIMU UMH POAHTHOTEHHBIX (DaKTOPOB
u aHruorenesy. OueHb MHTEPECHB! JJaHHBIE O POJIH
KUPOBOH TKaHu B pazButnu JAK. Bunumo, n3os1tou-
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HOE Pa3BUTHE KUPOBOU TKaHU 0€3 COCYIUCTON CETH
CMOCOOCTBYET TMIIOKCHH TKAHEH U YCUIICHHUIO BACKY-
JsipU3an. Poct cocyoB coXxpaHsieT IpyIibl KIIETOK ¢
MOBPEKICHHBIM FEHOMOM (TIOCTOSTHHO MOSIBIISFOIIHX -
Cs B OPTaHM3ME M YHHUYTOXAFOIIMXCS WHUIHAIMCH
aronTo3a Uid UMMYHHOH CHCTEMOW): Je(eKTHBIC
KIICTOYHBIC AJIEMEHTBI 03 TAKOTO aHTUOTeHEe3a MOTIIN
MOTUOHYTh OT THIIOKCHUU WJIHM TPOJU¢eprupoBaTh 00-
Jiee MEJIJICHHO | J]aTh BO3MOXXHOCTh HX JINKBUIAIIUT
HMMYHOKOMIIETEHTHBIMU KJIETKAMH.

KieTtounble 3j1eMeHTHhl,

BJIMSIIOLHE HA AHTHOTeHe3

[onynsuus ¢hpudpoOIacTOB, aCCOIUUPOBAHHBIX
C ONYXOJIbIO, SIBISETCS TereporeHHoi. IloaTun
¢ubpodnactoB CD146+ obuapyxken npu DAK u
KOppETUpyeT ¢ MIoXxuM nporuozom. CD146+ onmyxo-
neBble (pruOpPoOIaCThl CIOCOOCTBYIOT AHTHOTEHE3Y U
BACKYJIOT€HHOM MUMUKpPUHU in vitro. MoaenupoBaHue
OTMyX0NH (KCEHOTPAHCIUIAHTAT) TaKXe MOKa3ajo,
yto CD146+ KJIETKH MOTYT CIIOCOOCTBOBATH MPO-
rpeccupoBannio paka. B CD146+ ¢pubpobmactax
noBsIeHa sxcnpeccus NJI-10, ato ciocobcTBOBaIO
3MUTENNATIBHO-3HA0TEINAIBHON TpaHchopMauu u
YCHJICHHUIO BACKYJIOT€HHOW MUMUKPHH B Ki1eTKax JAK
[20]. KoHuenius BaCKyJ0r€HHOM MUMUKPHUH OITUCHI-
BAaeT YHUKAJIbHYIO CIIOCOOHOCTB BBICOKOATPECCUBHBIX
OIIYXOJIEBBIX KJIETOK ()OPMHUPOBATH KANMUIUISPOIIO-
JOOHBIE CTPYKTYPBI K 60TaTyI0 MaTpUIlAMH CTPYKTY-
PUPOBaHHYIO CETh B TPEXMEPHOIL KYNBTYype, KoTopas
HMUTHPYET SMOPHOHAIBHYIO BACKYJIOTCHHYIO CETh
[21]. B ¢opmupoBaHMH BaCKYyIOT€HHOW MHUMHUKpPUU
HEMaJIOBaXXHasl POJIb OTBOJUTCS MHUKPOOKPYKEHHIO
OITyXOJIH, B TIEPBYIO OYEpe/ib OITyX0JI€aCCOLUNPOBaH-
HBIM Makpodaram u pudbpodnacram [22].

1. Hashimoto et al. [23] HaOnronany OTYETIMBYIO
MHOUIBTPALNIO OIYXOJIEBOM CTPOMBI OITyX0JIeacco-
IUUPOBaHHBIME Makpodaramu B 56 u3 109 cnydaes
OAK. Makpodaranbaas uHUIbTpanusi Obuia 3Ha-
YHUTEJIBHO BBIIIE B OIyXOJSIX C IIyOOKOW MHBasHen
MHOMETPHUSL, IPY BHICOKOH CTEIIEHH 3JI0Ka4€CTBEHHO-
CTH M y IAIIMEHTOK MOKMIIOTo Bo3pacTa. KoimuecTBo
MHKpPOCOCY/IOB C CUJIbHOM 3aBUCHMOCTBIO KOPPEIHPO-
BaJIO C MH(UIBTpALMEN OIyX0JIeaCCOUUPOBAaHHbIX
Makpo¢aroB B CTpoMy ommyxoiru. OmHako HHGUIBTpa-
IUST OITyXOJICACCOLMUPOBAHHBIMU Makpodaramu He
Obuta mporuocTryeckuM ¢aktopom. Omyxoneacco-
LUMPOBAaHHBIE MAaKpO(haru MOryT HIPaTh PELIAIOLIYIO
POJb B CTUMYJIMPOBAaHUN aHT'MOTEHE3a, HO HE MOTYT
WCTIOTIB30BATHCS /IS IPOTHO3a Yy ManneHTok ¢ DAK.

S. Soeda et al. [24] usyueno 76 ciydaes DAK. Co-
nepxanne CD68+ makpodaros Ha mepudepun ormyxoian
ObLI0 3HAYMMO CBsa3aHo co craaueil FIGO, crenensio
37I0KaueCTBEHHOCTH, MHBa3HeH B MUOMETPHIA, MeTacTa-
3amu B Ta3oBbIe JIY 1 muMdoBacKyIsIpHON WHBa3UEH.
KonyecTBo BHYTPHOITYXOJIEBBIX MAKPO(AroB 3HAUYMMO
KoppenupoBaiio ¢ skcnpeccueit Ki67 u mioTHOCTBIO
CD34+ xpoBeHOCHBIX MUKpococynoB. [lanuenTku c
BBICOKOW UYHCIIEHHOCTHIO MEPUPEPUIECKUX MAKPO-

CUBUPCKIM OHKONOTMMYECKW XXYPHAT. 2024; 23(4): 172-185

(haroB MMeNIM 3HAYUTEIBHO XYIIIYIO BBDKHBAEMOCTb
0e3 mporpeccupoBaHusl U OOLIYI0 BBIKHBAEMOCTb.
[lo naHHBIM MHOTOMEpHOTrO aHanu3a, Makpodaru Ha
nepudepun DAK ObuTH 3HAYNMO CBS3aHBI C UHBA3UEH
B COCY/IUCTOE MTPOCTPAHCTBO U B MUOMETPHIA.
OmnyxoneacconunpoBaHHbIE MAKpOhariu CTUMYIH-
PYIOT aHTHOT€HE3 1 CIIOCOOCTBYIOT PACIIPOCTPAHEHHIO
paka. B DAK c nHBa3uell B MHOMETpHUl HaiiieHO
Oosbiree xkomuuecTBO CD163+ omyxoieBbIX Makpo-
¢aroB u 6ompmas mwiotHOCTE CD3 1+ KpoBEHOCHBIX
MHKpOCOCYIOB, 4eM B DAK 0e3 nnBazun. BrisaBiieHa
3HAYUTENbHAS MTOJIOKHUTEIbHAs KOPPENISATHBHAS CBA3b
MeXJly TIOTHOCTBIO MUKpococynoB 1 CD163+ ma-
Kpoaramu Kaxk Opu MHBa3HU B MUOMETPHH, TaK U B
MIPEUHBA3UBHBIX OMyXoisix. DAK BBICOKOW cTermeHn
37I0Kau€CTBEHHOCTH UMENH OOJIbIIIe MaKpoQaralbHbIX
MHPUIBTPATOB U MUKPOCOCYI0B. Takke BBISBICHA
MOJIOKUTENbHAs Koppersius mexxay CD 163+ makpo-
(aramu U MIOTHOCTHIO MUKPOCOCY/I0B B IEPBUYHBIX
ONYXOJISIX U B Me€TacTaszax B pernoHapusie JIY. Yeunen-
HbIH anruorenes B DAK cBsi3an ¢ MakpodaraibHbBIMU
UH(UIBTpaTaMu CTPOMBI, U, BO3SMOXKHO, 3TH Makpoda-
T 3aIlyCKaIOT U PETYIUPYIOT IPOIH(EPALMIO COCYI0B
[25]. Bee uccnenoBarenu, 3aHIMAIOIIHECS KICTKAMHU,
uHQuIsTpUpytomumMu JAK, cunraror, 4to omyxose-
accolMupoBaHHble Makpodaru u GudpodIacTsl moa-
JePKUBAIOT AHTUOTCHE3 U «IIOMOT'aI0T» KJIETOYHBIM
3JIEMEHTaM OIIyXOJIM YKJIOHSTBHCS OT UMMYHMTETa
U 9TO OOJIBIIOE YUCIIO KJICTOK MakpodarajibHOTO U
¢udpodmactHoro psgoB B DAK sisiercs Hebnaro-
MPUSATHBIM IPOTHOCTUYECKUM (HaKTOPOM.

MounekyJisipabie (paKTOPbI 1 HUTOKHHBI,

peryJimpylounue pocT cocyaioB

VEGF sBisiercst Hanboiee MOITHBIM U crieTiQd-
HBIM (DAKTOPOM pOCTa SHIOTEITHATBHBIX KJIeTOK. OH
UTpaeT PEeHIaloIIy o POJIb B HHUIUAIINY (PU3HOIIOTHYE-
CKOT'O M ITaTOJIOTMYECKOT0 aHTHOTeHe3a, BACKYJI0reHe-
3a 1 muMdanruoreHesa [26, 27]. YpoBeHb dKCIIpeccuu
VEGEF orpaxaer arpeccuBHOCTb onyxoiu [28]. B 63 %
ciayuaeB DAK skcripeccupoBanu VEGF-A, B 55 % —
VEGFR2, B 26 % — VEGFR3, npuuem nocnennuit
3HAYUMO KOPPENHPOBAI C PACHPOCTPAHEHHOCTHIO
OITYXOJIH C TEH/ICHITNEH K CHIYKEHUIO BEDKUBAEMOCTH,
a VEGF-A xoppemupoBall ¢ INIOTHOCTHIO MHUKPO-
cocynos. IloBermennyto sxcnpeccuto VEGFR2 (B
17,2 paza) u VEGFR3 (B 21,9 pa3za) nabmromanu npu
DAK, 110 cpaBHEHUIO C HOPMAJIbHBIM SHIOMETPUEM,
CO 3HAUYUTENBbHON KOppeslued MEeX1y YpPOBHIMHU
SKCTIPECCHH CaMHUX yKa3aHHBIX penenTtopoB [29].
VEGF u VEGFR cBepxakcnpeccupytoTcs B yCI0BU-
sax rurokcur ¢ nomoieio HIF-1a, Taxke Bo3MoOKkHA
aktuBanwms JentuaoM [30, 31].

Pazputne DAK Brirouaer maaykmuio HIF-lo B
YCIIOBUSIX THITOKCHUH TIOCpeAcTBOM kcripeccunt STAT3
(curHANTBHBIN OCNOK W aKTUBATOP TPAHCKPHIIIINH,
SIBIISIETCS OJTHUM M3 OEIKOB-TIOCPEHUKOB, o0ecte-
YUBAIOIINX OTBET KJIETKH Ha CUTHAJIBI, TOCTYTIAIOIINE
yepe3 peuentops! MJI, u dpakTopoB pocra), 4to npu-
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BonuT K anruoreHesy [32]. Knerku HEC-1A (human
endometrial adenocarcinoma) B yCIOBHSAX THITOKCHH
ycmmBatot akcnipeccnio VEGF-A [33].

Okcnpeccust TGF-a (transforming growth factor
alpha, Tpancopmupyrommii pakrop pocra-anbha)
Obuta Ha 72 % OObIe y MBIIIEH, HAXOASIIUXCS Ha
JUETE C BBICOKMM COJIEp’KaHHWEM JKHPOB, MO CpaB-
HEHHIO C JKUBOTHBIMU Ha HU3KOJIMITHJIHOM KOpME.
Bericokast axcnipeccusi TGF-a koppenupoBana ¢ 60-
Jiee 3HAUUTENBHBIM MHJIEKCOM MAacChI Tela U Ooee
KOPOTKOM BBDKMBAEMOCTHIO MpHU pake. Jluera ¢ BbI-
COKHUM COJIep’KaHHUEM JIMIHJIOB U OKHPEHHE MOTYT
CIOCOOCTBOBATH MPOTPECCUPOBAHUIO OITYXOJIH 32 CYET
muddepennmansaoit moxyssimu TGF-o [18].

Metamnonporennassl (MMII) nmpeactaBisioT
co00if ceMelicTBO MPOTCONUTHIECCKUX (EPMEHTOB,
Y4acTBYIOLIUX B Jerpajaliii KojijlareHa U Jpyrux
KOMITOHEHTOB BHEKJIETOUHOTO MaTrpukca. OHM UTparoT
OYCeHb BXKHYIO POJIb BO MHOTHX (DH3HOIIOTHYECKUX
Tpolieccax: aHTHOTeHe3e, TeMOoCTa3e, IMUKINIeCKNX
M3MEHEHUSIX HIOMETPHSL, 3aKUBICHUH PaH, a TAKKe
B pocTe U pacnpoctpaneHun omyxoneid. K. Mieszato
et al. [34] moka3anu 3HAYUTEITHHOE YBEINYCHHUE JIKC-
npeccun MMII-2 1 MMII-9 nipu Hanbosee pacmpo-
CTpPaHEHHBIX TMHEKOJOTHUYECKUX OHKOJIOTHYECKHUX
3a0oneBanusX, B ToM uncie DAK, o cpaBHEHUIO C
HOpPMAaJIbHBIMH TKaHSIMHU U TOOPOKaueCTBEHHBIMU 00-
pazoBanusaMu. Kpome Toro, xonueHrtpaius MMII-9
KOppeJiupoBajia ¢ KIMHUYECKOW cTajuell U HaIu4u-
€M OTHaJIeHHBIX MeTacTa3oB, ypoBeHb MMII-2 Obu1
3HAYUMO CBA3aH CO CTENEHBIO 3JI0KAYECTBEHHOCTH, a
MMII-7 moxet ObITh ToNTe3Ha pu DAK m1st oreHkH
Hajau4us MetacTta3zoB B JIV.

WJI-8, mponyuupyemsblii Makpodaramu u Gpuodpo-
Oractamu, SIBISETCS MPOBOCTIATIUTEILHBIM (PaKTOPOM
Y OTIOCPETyeT aHTHOTeHE3 IPH MHOTHX 3200JI€BaHUSX,
BruTrouast DAK. OGHapykeHa 3HAYUTEIIbHAS KOPPeIs-
s MEeXKIy cTaauei paka u sxcpeccueit MJI-8. [pu
OAK nosslienHoe copepxkanue MJI-8 B ceiBopoTke
KpPOBH JIO JIEYE€HUS OBLIO CBSI3aHO C HU3KOH 00IIel 1
Oe3perMInBHON BEDKHBAaeMOCThIO [35, 36]. Crnemyer
oOparuts BHUMaHue, uto MJI-8 Tarxke BeipadaThIBaeT-
Csl M CEKPETUPYETCs aAUNOIIUTAMU, U €r0 KOHIIEHTpa-
LUS] yBEITMYUBAETCS C POCTOM MHAEKCA MAcChl Tella U
OKpPY>KHOCTH TaJIH, 9TO, B CBOIO O04Yepe/ib, Kak ObLIO
OTMEUEHO BHIIIIE, CBSI3aHO C YaCTOTON BOSHUKHOBEHHS
u ucxogamu DAK [37].

Opxuo3nauno, uto VEGF, ssasromuiicss Hanbonee
MOIIIHBIM U CTIeU(UIHBIM (PAKTOPOM pocTa dHI0Te-
JIUOIUTOB, TPOAYIUPYETCS OMYyXOJEBBIMU KIIETOU-
HbIMH 3nieMeHTamu ¢ yyactueMm HIF-la u sBnsercs
OCHOBHBIM 3BEHOM B OITyX0JIEBOM aHI'MOTr€He3€e. DJKC-
npeccusa VEGF u VEGFR koppenupyeT ¢ mi1oTHOCTBIO
COCY/IOB U CITY’KHT OCHOBHBIM ITOKa3aTeJIeM IPOTHO3a
teuenust DAK, ee peruinBUpOBaHuUs U METACTa3UPO-
BaHus. Kpome VEGF, npyrue nuTOKMHBI U 3H3UMBI
TaKXe MOTyT MoAynupoBath pocT cocynos (TGF-a
u NJI-8) 1 moaAroToBKy MEXKJICTOYHOTO MaTpuKca K
stomy nporieccy (MMIT). Heobxomumo oOparuTh BHHU-
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MAaHHE Ha CBSI3b OTACIBHBIX MPOBOCHATUTENbHBIX NI,
CeKpeTHpyeMbIX Makpodaramu u GudpodracTamu, ¢
OITYXOJICBBIM aHT'MOT'€HE30M U HETAaTUBHBIM BJIMAHUEM
Ha MpOrHo3 y nanueHTok ¢ DAK.

JuarHocTuka onyxoJieBoii BacKy/JIsipu3auuu

U MPOTHOCTHYECKHEe (PAKTOPBI, CBSI3AHHbIE

¢ AaHTHOTeHEe30M

S. Ozalp et al. [38] B ucciienoBanue «ciaydai-
KOHTPOJIBY ObLTH BKITFOUeHBI 43 marmeHTi ¢ JAK. B
KadecTBE KOHTPOJISI H3ydasii 00pasIlbl TKaHeH mocie
TUCTEPIKTOMUMN, BBIMIOJIHEHHBIX T10 MIOBOLY TOOpPOKa-
YECTBEHHBIX IIPOIECCOB (OMyIIEHUE U MUOMA MATKH,
XpOHUYECKasi Ta3oBasi 00Jb, aJlEHOMHO3) BO BpEeMs
nponudepaTuBHON U cekpeTopHOil (ha3. KposeHoc-
HBbIE MHUKPOCOCY/IbI OIICHUBAIIA B «TOPSYUX 30HAXY,
I7Ie MPUCYTCTBOBAJA 3HAYUTENbHASI BACKYISIPU3ALIUS
KaK B OITyXOJICBOHM TKaHU, TaK ¥ B HOPMaJIbHOM JHJI0-
MeTpud. [LITIOTHOCTH MUKPOCOCYIOB HE pazindajach
MEX1y NpoaudepaTuBHON W CEKpEeTOpHO# (hazamu
nuka (48,5 + 3,6/0,739 vs 47,4 + 3,8 Mmm? coor-
BETCTBEHHO) M OblIa MakcuMmanbHOU Tipu DAK. Co-
CyAHCTasl IIIOTHOCTH KOPPETUPOBaja C IMPOIBUHYTOM
CTaJIueH, MOPAKEHUEM IIEUKU MATKH, NPUIATKOB U
JTUMQOBACKYISIPHOTO TIPOCTPAHCTBA, METACTa3aMU B
Ta30BbIX U MMapaaopTaibHbIX JIY H momoxuTensHbI-
MU pe3yibTaTaMHU IUTOJIOTHYECKOTO MCCIIETOBAHUS
IIEPUTOHEANIBHON XuaKoCcTU. IIpu ofHOMEpHOM U
MHOTO()aKTOPHOM aHaJIM3aX C TOPOTOBBIM 3HAUCHUEM
BacKymsipu3anyu B 81 00beKT Ha yKa3aHHOH TUTOIIAAH
cpe3a KOJIMYECTBO COCYIOB OKa3aJI0Ch HE3aBUCHMBIM
(hakTOPOM BBDKUBAEMOCTH. AHTHOTEHE3 TPOSIBIISICTCS
KAaK Ha HAYallbHBIX, TAK U Ha JAJbHEUIINX dTamax
ABOJIIOIIMM OITYXOJIEBOTO MPOLIECCa, BACKYIIpU3aLIUs
MMEET CYIIECTBEHHOE IPOTHOCTUIECKOE 3HAYCHHUE JIIS
BEDKHBaeMocTH mpu DAK.

J.Z. Wang et al. [39] B cucremaruyeckuii 0030p,
B KOTOPOM OLICHUBAJIACh CBSI3b MEXAY aHTHOT'€HE30M
W KJIMHHAKO-TIATOJIOTUYECKUMH XapaKTePUCTUKAMU H
OTIpe/ieNsIach MPOTHOCTHYECKAs [IEHHOCTh pa3iind-
HBIX ITpu3HaKoB npu DAK, Bkirounu 29 nyonukanuii
00 uccneoBaHUAX ¢ ydyacTueM 2517 manueHToK.
BrisiBrieno, yto miotHocth CD34+ KpOBEHOCHBIX
MHKPOCOCYIOB OBIJIa MPSIMO CBSI3aHA C TITyOWHOH WH-
Ba3UMd MUOMETpHs, WHBa3ueH B JTMM(OBACKYISIPHOES
MIPOCTPAHCTBO, MeTacTazupoBaHueM B JIY n Hu3Kou
00111e# BEKUBaEMOCTBIO.

C 1979 o 1989 1. mpoananu3upoBaHo 85 CiryIacB
OAK I u II cragmii. Bce o0pasis! ObIH IOABEPTHY-
Thl UMMYHOTHCTOXUMHUYECKOMY HCCIEIOBAHUIO HA
aHTHIeH, cBsi3aHHBIN ¢ ¢akropom VIII. IlnmotHOCTB
KPOBEHOCHBIX MHKPOCOCY/IOB TTOJICYATHIBAIIN B TIOJIE
sperus mpu x200 (0,785 mm?) B Hanboee aKTUBHOU
30HE HeoBacKyIsipu3auu. [[moTHOCTh cocy0B 3Ha-
YUMO KOPpETHpoBaja CO CTETEHBIO 3JI0KadeCTBEH-
HOCTH, MHBa3Wei B MUOMETPHIA U B JIMM(paTHIECKOES
MPOCTPaHCTBO. He BBISBICHO KOPPETALNU MEXKIY
KOJINYECTBOM MHUKPOCOCYAOB U cocrostHueMm JIVY. ¥V
MAIMEHTOK C BBICOKOW BacKyisIpu3arueii (=60 cocy-
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JI0B) OTMEUANIMCh XyALINE MOKa3aTeIn 00ILei BEIKH-
BaeMOCTH U BBDKHBAEMOCTHU 0€3 MPOTpecCUpOBaHUsI.
MHOroMepHbIi aHaIn3 NOATBEPANI, YTO TUNIOTHOCTh
MHUKPOCOCYAO0B 3HAYMMO 1 HE3aBUCUMO KOPPEIUPYeT
¢ o0rmiel BEIKMBAEMOCTBIO U BBKMBAEMOCTBIO 0e3
nporpeccupoanus [40].

E. Kiling, A.Y. Bahar [41] peTpoCIIEeKTUBHO W3y YUIIH
151 cayuait DAK mocne rUCTepIKTOMUU B TEPUOT C
2005 o 2020 . [110THOCTE MUKPOCOCY/IOB OIPEEISIIN
BO BHYTPHOITYXOJIEBBIX (Camasi TUIOTHAS COCYIUCTast 00-
JIACTh) U IEPUPEPUICCKUX 00TACTAX C UCTIONH30BaAHH-
€M UMMYHOTHCTOXUMHYECKOH PEeaKIuy C aHTUTEIaMH
k CD31. bosb1oi pa3mep omyXxouiu, nryOoKast ”HBa3 s
MHOMETPUsI, BBICOKAsl CTEIeHb 3JI0KaueCTBEHHOCTH,
HWHBA3H IMEHKN MaTKH, MeTacTassl B JIY, ctaguu [II-1V,
3HAYMTENbHAS TMM(POBACKYIISIPHAS WHBA3UsI M 00IIast
BBDKHBAaEMOCTb MMENH 3HAYUTEIbHYIO CBS3b C BHY-
TPH- U BHEOITyXOJIEBOM BacKyisipusauuei. Bo3pact u
M} oTIIa3MOUTapHas MH(DUITBTPAIINS IMENH TOITBKO
crnaboe 3Ha4YeHHE JUIsi BHEOITYXOJIEBOIO aHTHOIeHE3a.
[loka3zarenu BHe- U BHYTPHUOITYXOJIEBBIX MUKPOCOCY-
JIOB UMEJIM OY€Hb BBICOKYIO (IIOYTH MACAIBHYIO) TIO-
JIOXKUTENBHYIO KOPPEIAIIIo Mexy coboii (k=0,870).
WNuBasusa meiku matku, craauu II1-1V, Beicokas
CTENeHb 3JI0KaueCTBEHHOCTH, BHYTPHOITyX0JeBast U
BHEOITyX0JIeBasl TNIOTHOCTh MUKPOCOCYI0B KOPpEINH-
poBaiu ¢ OoJee HU3KOH 00IIel BEKUBAEMOCTBIO TIPU
MHOTOMEpHOM aHajnm3e. B mpyrom uccienoBanuu 40
o0pasoB DAK ObUIH MOJTyYEHBI OT PaHEe HE JICUCH-
HBIX MAIMEHTOK. AHIMOTEHE3 B OIyXOJH OLIEHUBAIU
Ha OCHOBaHUH IOJICYETa MUKPOCOCYNOB. [IIOTHOCTB
KPOBEHOCHBIX MHKPOCOCY/IOB ObIJIa CBsI3aHa CO CTAIHEH
FIGO Illc, naBazueii nTumM¢paTndecKoro mpoCcTPaHCTRa,
MeractazamMu B JIY U SIMUHUKHU, CTENEHbIO 3JI0KaYe-
CTBEHHOCTH [42].

S. Wagatsuma et al. [43] uzy4anu aHTHOTEHE3
C NMPUMEHEHWEM HMMYHOTHCTOXMMHUYECKOTO OKpa-
[TMBAHMS YHOTEIHAIBHBIX KIETOK Ha (hakTop (hoH
Bumnebpanna B cydaiftHOM y9acTKe MWHBAa3WBHOTO
kpas nepsuyHoil DAK y 93 manmentox. Mukpo-
COCY/IbI TMOACYUTHIBAIM B HAanOOJIee MHTCHCHUBHBIX
ydacTKaxX HeOBACKYJIsIpH3alui. BEICOKOE KOTMIeCcTBO
Mukpococynos (>110 ua mromann 0,9 MmMm?) 3HAINMO
KOppenupoBalio ¢ xupyprudyeckoi craauei III u IV,
CTeneHbto 3no0kauecTBeHHocTH III, mopaxenuem JIY
n Ooylee HU3KOW BBDKHBAEMOCTHIO. MHOTO]aKTOP-
HBII aHaJu3 TOoKa3ajl, YTO XHUPYpPrudecKkas CTaaus
III u IV, rpapanus 3mokadectseHHocTu 11, nHBa3us
0oJiee OJIOBUHBI MUOMETPHS M BBICOKOE KOJTMUECTBO
MHUKPOCOCY/IOB SBJISIFOTCS HE3aBUCUMBIMH (PaKTOpaAMHU
mporHo3a y 6omsHbEIX ¢ DAK.

bruta orneHena CBsi3b MEXly aHTHOT€HE30M, BbI-
KMBAEMOCTBIO U KJIMHUKO-TIaTOJIOTHUECKUMHU Iapame-
Tpamu y 60 >KeHILUH, Y KOTOpbIX B iepuoz ¢ 1993 no
1998 1. nmaranoctupoana DAK. Bece 00pasier ObuH
MMMYHOTHCTOJIOTHYECKN OKpAaIIeHbl Ha aHTHUTEH,
cs3anHblil ¢ pakropom VIII. Ob6nacts ¢ Hamnboiee
MHTEHCUBHOM MHUKPOCOCYIUCTON CETBIO OINpenens-
v 1ipu MajioM yBenmdeHuu (%100), a KommaecTBo
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MHUKpococynoB B Hel — ripu X200. CpeHsist IJI0THOCTb
KPOBEHOCHBIX MUKPOCOCYAOB cocTasisiia 26,2+ 13,0
(6—68) u cunTamack BEICOKOH, Koraa ObL10 >30 005-
€KTOB Ha €JIMHUIIE TUIOILAIU cpe3a, cpeaHeit — ot 15
1o 30, Husko# — mpu <15. BrisiBIeHa MOTOKUTEIbHAS
KOppEJsALUs MEXIY YBEIMYEHHEM IJIOTHOCTH CO-
CY/IOB U CTaJMiell OITyXOJIEBOTO MPOIecca, a TaKKe C
Metactazamu B JIY. He Op1T0 pa3nmuduii MeX Ty BacKy-
Jsgpu3annen ¥ BO3pacToM, THCTOTUIIOM M CTENEHBIO
3710Ka4€CTBEHHOCTH, TUM(POBACKYIISIPHON HHBA3ZUEH.
Cocynucrasi II0THOCTD HE MEHSUITIACh B 3aBUCUMOCTH
OT TITyOMHBI HHBA3UHM MUOMeETpHs. bblta 3HaYnTEN HAS
pa3HHIa B BBDKUBAEMOCTH MAIIMEHTOK MEKIY TPyIIa-
MU C HU3KOM U BBICOKOH BaCKyJISIpU3aLlUe, yCUIICHHUE
AQHTHOTeHe3a 0Ka3aJI0Ch CBA3aHHBIM C MO3HEN CTau-
ell U CHIKEHHEM BbKUBaeMOCTH. OTHAKO IUNIOTHOCTh
MHKPOCOCY/IOB, 110 JAHHBIM MHOTOMEPHOTO aHAJN3a,
HE SIBJISJIACh HE3aBHCUMBIM MTPOTHOCTUYECKUM (pak-
TOpoM [44].

O. Erdem et al. [45] ucciemoBaiu cBsi3b 9KCIIpeC-
cun CD34 xak mokazares INIOTHOCTH MHKPOCOCYIOB
C TPaJMIIMOHHBIMH KJIMHHUKO-T1aTOJIOTUYECKUMHU TTPO-
THOCTUYECKUMHU nepeMeHHbIMU Tpu DAK (rucromnoru-
YECKUH THUII, CTENICHb, TITyOWHA NHBA3UH MHOMETPHS,
anruonuMaTHaeckas uHBasws, nmopaxenne JIY). B
obpasmax ot 63 ManueHTOK CpeHee 3HAYCHUE TIIOT-
HOCTH KPOBEHOCHBIX cocy10B (64,38 + 28,71 muxpo-
cocynoB B mose 3peHus npu x200) He ObUIO CBSI3aHO
€ KaKUMH-JTHO0O0 KIMHUKO-TIATOJIOTHIECKUMHE (PaKTo-
pamu. [lpm aHannse BBDKHBAEMOCTH OOHApYKEHO,
4TO0 HanOoJiee 3HAYMMBIMH MTPOTHOCTHYECKUMH I10-
Ka3aTeJsIMHU SIBIISTIOTCS BBICOKHE M CPEIHUE 3HAYCHHUS
BaCKyJISIpU3aINH.

Jpyrue ucciieoBaTey TakKe 00HAPY KN CBSI3b
BacKynsgpuzanuu npu JAK TONbKO ¢ OTeIbHBIMH, 3a-
YaCTYI0 IMHUYHBIMU KITHHUKO-TUCTOJIOTUYCCKUMHU 1
MIPOTHOCTUYECKUMH ITOKa3aTelsIMU. bbliia mpoaHau-
3UpOBaHa IMMYHOAKCIIPECCHS MAPKEPOB aHTHOTEeHEe3a
u niponudepanuu kinetok B 50 oopaznax DAK. [Tnot-
Hocth CD105+ (endoglin, sHAOIIMH) MHKPOCOCY/IOB
n naaexc nponudepanuu Ki67 Opim Boime npu DAK
BBICOKOM CTEIEHM 3JI0KaU€CTBEHHOCTH W MO3JHEH
craguu [46].

G. Guset et al. [47] BKJIIOYMIN B HCCIIEIOBaHUE
o0pa3ie! TKaHel 54 manueHTok ¢ DAK. IlnotHOCTH
MHUKPOCOCY/IOB OIIEHUBAJIH C IPIMEHEHNEM aHTHUTE
k CD34 B Hanboiee MHTCHCUBHBIX 00JIACTSIX HEOBA-
ckymsipuzanui. OOHapyKEHO, YTO TNIOTHOCTh MHKPO-
cocynoB npu Beicokoaupdepennupoaniom DAK
ObLIa HIDKE, YeM TPU CpeaHe- U HU3KoaudhepeHiu-
pPOBaHHOM pake. [ [ITOTHOCTh MUKPOCOCY/IOB Y )KEHIINH
¢ DAK I cranuu Obuta MeHbIe, ueM mpu DAK T1-I11
craauu. He HaOmonanyu 3HAYMMOM pa3HUIBI MEKITY
COJIep)KaHNeM MHUKPOCOCYIOB Y TAIIHEHTOK 0e3 U C
Meractazamu B JIY. [loBbillieHHas BacKy/sipu3aus
CBsI3aHa C pa3BUTHEM U arpeccuBHOCThI0O DAK U sB-
JIIETCsl BAKHBIM MHIMKATOPOM IIJIOXOTO MPOrHO3A.

VY 90 mauueHToK cpefHsis MIOTHOCTh MUKPOCO-
cyn0B B noJie 3peHus npu %200 npu Ucroyib30BaHUU
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CD105 cocraBuna 32,87 + 19,99, nna CD34 —
55,46 £ 31,25, Mexly 3TUMU IByMsI MapKepamu OT-
MeYeHa TIOJIOKUTENbHAs Koppesiius. YTo kacaeTcst
KJIMHUKO-TIATOJIOTHYECKUX MEepPEeMEeHHBIX (BO3pacT,
CTaJusl, TUCTOJIOTHUCCKUN THII, CTEIIEHb, TTyOHHA
WHBa3WW B MUOMETPHUH, WHBA3Us B JTUM(OBACKYIISIP-
HOE TPOCTPAHCTBO, MeTacTa3sl B JIY m o0mas BbI-
KUBA€MOCTh), HU OJJHO M3 CPAaBHEHUI HE OKa3aJoCh
3HAYMMBIM B TEUCHUE CPEAHETO IEPHOa HAOIIOICHUS,
pasHoro 60,5 mec [48].

N3 55 uccnenoBanubix ciaydaeB DAK 10 obpas-
LIOB CJIOKHOMW TUIEPIITIa3uU SHJOMETPUS C aTUIHeH
u 10 00pa3noB runepruiazuu 03 aTunuu ObLIH UM-
MYHOTHCTOXUMHUYECKU OKpAaIlEHbl Ha DHJIOTIWH H
CD31. I1o10)XHUTENBHO OKPALLIEHHBIE MUKPOCOCYAbI
MOJICYUTHIBAIM B HanOoJyiee BaCKYISIPU3NPOBAHHBIX
ouarax B mose 3penust npu X400 B kaxaom oOpasiie.
BrisBreHa nonoKUTeNbHAS KOPPEISLUS KOTUUECTBA
COCYIOB, 3Kcnpeccupyomux 3uaomul u CD31, ¢
T GepeHITIPOBKOI KIIETOYHBIX IIEMEHTOB OITYXOJIH
n rryOnHo#M mHBa3uu. OJHAKO TOJBKO KOJUYECTBO
SHIOTIIMHA 3HAYUMO KOPPEIUPOBAIO C HATUUUEM
anrronuMaTnyecKol WHBa3WHU, MeTacTazoB B JIY u
cragueit omyxomnu [49].

Bricokast 10THOCTE KPOBEHOCHBIX MUKPOCOCY/IOB,
a takke HIF-1o MOTyT OBITH CBSI3aHBI C PEIMINBOM
3a00JIeBaHMS U arPEeCCUBHOCTHIO OITyXouu. [ [IoTHOCTB
COCY/IOB M3ydYayiach MPHU MEPBUYHON W PEIHINBU-
pyromeit DAK. Beero uccienoBano 65 mepBUIHBIX
ormyxojell y nmanueHnTok ¢ peruauoM DAK (n=40) u
0e3 peruauBa (n=25), TOMOIHUTEIHLHO OLIEHEHBI eII1e
23 penuauBHbIE OITyXonu. UMMyHOIMCTOXUMUYECKHIMA
aHaJHN3 MPOBOJWIM HAa TKAHU OITyXOJH, 3aJIUTON B
napaduH. [ITOTHOCTE KPOBEHOCHBIX MHUKPOCOCYIOB
OTpENeNsUI KOJIMYeCTBEeHHBIM aHanmu3zoM CD31/
FVIII+ o0bexroB. B niemmom mo rpyrmimam conep:kaHue
cocynoB 1 HIF-la cymecTBeHHO HE pa3indanoch B
[IEPBUYHBIX OMYXOJSIX MalMEeHTOK C PELUUBOM OT
DAK 6e3 pemunusa. Dxcnpeccus cocynoB u HIF-1a
HE SIBIISIETCS HE3aBUCHMBIMH MPOTHOCTUYECKUMHU
Mapkepamu peruauBupyromei DAK [8].

BonpmmHCTBO MccnenoBareseil 1 BhISBICHUS
KPOBEHOCHBIX COCYAOB HCIOJb30BaJd aHTUTE€HBI
CD31 u CD34, eckonbko pexxe CD105, pakrop don
BumeOpanga u ¢gakrop cepTeiBaHus kpou VIII.
OOBIYHO OTIpeENs N TIIOTHOCTh KPOBEHOCHBIX CO-
Cy/IOB Ha KaKON-TO NMPOM3BOJBHON IUIOIIAIN cpe3a
OIMYXOJIM C BU3yaJlbHO MaKCUMaJbHOM BaCKyIsIpu3a-
nuel («ropsdme» TOYKH), TIOATOMY JJIsi CPaBHEHHS
PEe3yIBTaTOB PA3IMYHBIX MyOIMKAIIA MEXTY CO00H
M CO CBOMMH JaHHBIMHU TpelyeTcst nepepacuer. [lo-
Ka3aTesld BHE- U BHYTPUOIYXOJIEBBIX MUKPOCOCYIOB
HMMEIOT OY€HB BRICOKYO MOJIOKUTEIBHYO KOPPEIISIIHIO
MEXIy COOOM, B CBSI3H C 3THM HE MMEET OOJIBIIOTO
3HA4YeHus, TJe orpesenena Backyaspuzanns JAK: B
LEHTPE OIyXOJIEBOTO y3Jia MM Ha ero nepudepuu.

[lo pa3HBIM JaHHBIM, COCYIUCTAas IIOTHOCTH
KoppenupyeT ¢ mo3gHed cramgmeii DAK, BBICOKOM
CTETICHBIO 3JI0KaUeCTBEHHOCTH, MHBA3UEH MUOMETPHS,
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MopakeHUeM IIeHKN MaTKH, NMPHUIATKOB, Mpopac-
TaHHEM COCYIOB, MeTacTazaMu B JIY, mpucyrcreuem
PAKOBBIX KJIETOK B INEPUTOHEATBHON XUIKOCTH,
HHU3KOU 00IIEeH BEDKUBAEMOCTBHIO M BBDKMBAEMOCTBIO
0e3 mporpeccupoBanus omyxonu. [lpu 3Tom ecthb
nyOMuKauy, OTPULAIOIINE CBSA3b BACKYIspHU3aLUU
C TUCTOTHIIOM M CTeTeHbIo arudepeHpoBKY ormy-
XOIU, TMM(OBACKYJISIPHOW WHBa3ueH, MeTacTazaMu
B JIY, rmyOuHON mpopacTaHusi MUOMETPUS U JaKe
YTBEPKAAIOIINE, YTO IUIOTHOCTH MUKPOCOCYJOB HE
ABJISIETCS. HE3aBUCHMBIM NPOIHOCTUYECKUM (DaKTo-
poM. Takum oOpa3om, 0 HACTOSIETO BPEMEHH HET
€/IMHOTO MHEHMS, O UEM CBUJIETENILCTBYET HU3KAS MU
BbICOKas BacKyisipuzanus DAK.

MeToabl Tepanuu paka JHAOMETPHS,

CBfI3aHHbIE C BO3/eliCTBHEM HA aHTHOTeHe3

3aBucumocth DAK oT OMOMOJEKYISPHBIX Me-
XaHHU3MOB, YYacTBYIOLUIUX B IPOTPECCUPOBAHUHU
OITYXOJIH, TAKUX KaK aHTMOTeHEe3 U oI Qeparys SH-
JOTEITUOLUTOB, SIBISETCS (PAKTOPOM, KOTOPBIH MOYKET
CHOCOOCTBOBATh YAYUILCHHUIO PE3YJIbTATOB JICUCHHUS
y nauueHTok [46]. M3-3a Ba)KHOCTU aHTHOreHE3a
JUTSL POCTA OITYXOJTM aKTUBHO pa3padaThiBaeTCs aHTHU-
aHruoreHHas tepanus. OCHOBHBIMM KJIacCaMH aHTH-
AQHTMOTCHHBIX arcHTOB SBIISIOTCS MOHOKJIOHAJIBHBIC
anturena nporuB VEGF (manpumep, GeBanmsymad),
VEGFR (adaubeprient), ”HTHOUTOPHI perenTopa
aHruonod’TuHa-Tie2 (TpebaHaHn®) U MHTUOUTOPBHI
THUPO3UHKHMHA3HI (OpUBaHMO, IEANPAHUO, HUHTEAAHHO,
CYHUTHHHO ¥ JieHBaTnHUO0) [50]. X0Ts 3TH npemapars
KJIMHUYECKN aKTHBHBI NPU Pa3IMYHbIX COJIHMIHBIX
OTYXOJIIX, UX TPUMEHEHHE CBSI3aHO C MOOOYHBIMHU
s dexramu: runepToHUCH, TPOMO030M, IMOOIIHEH,
KPOBOTEUEHUEM, HApPYIICHHEM 3a)KUBICHHS paH,
MpoTenHypuen, nepdoparueil KUIIeIHNKa U pac-
crpoiictBamu [{THC, uTo B psnme ciy4aeB mpHUBOIUT
K TpekpaineHuto jeuenus [51]. bonee Toro, MHOTHE
OIlyXOJIM OO M3HAYaIbHO yCTOMYMBEI, THOO TO-
CTEIICHHO Pa3BUBAIOT AJANTHBHYIO YCTOMUMBOCTH K
tepanuu, naruoupyromeit VEGF [52].

Jpyroil rpynnoii aHTUAHTMOTEHHBIX CPEACTB,
OLICHUBACMbIX B KIIMHUYECKUX HMCCIEJOBAHUIX IS
MpUMEHEHUs y nanueHTok ¢ DAK, sABIAIOTCS WH-
rubutopsl Tupo3uHkuHa3zel VEGFR. Huntenanun6
MIPOIEMOHCTPUPOBAIT YMEPEHHYIO aKTUBHOCTD C Ya-
CTOTOM 00BEKTUBHOTO 0TBeTa 9,4 % IpH JIeYeHNH pac-
MIPOCTPAHEHHOTO WK pennausupytomero JAK u He
JTOCTUT OCHOBHOM KOHEYHOH 3¢ dekTuBHOCTH [53].

AHIIOTHHAO — HOBBIH MEPOPATBHBI HU3KOMOIIEKY-
JSIPHBIA MHOTOLIEJIEBOM MHTHOWTOP THPO3WHKWHA3HI,
y4acTBYIOIIKH B aHTHoreHese. Jlanusie ot 249 naruen-
TOK, HOJY4YaBIINX aHJIOTHHHUO 110 MOBO/Y MEPCUCTHPYIO-
IIET0, PELIUUBUPYIOIIETO HIIM METACTATHIECKOTO paKa
eitku Matku, DAK wim paka SMIHAKOB, OBITH COOPAHBI
B 17 nentpax c asrycra 2018 1., cpenHsst IpoAOIKHU-
TeJIBHOCTB HabmoaeHus cocrasuna 14,5 mec. [Ipenapar
HAa3HAYaJld MepopanbHo ¢ 1-ro mo 14-ii neHb Kaxable
3 Hex 10 mporpeccupoBaHus 3a00IeBaHNs, HETIEPEHO-
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CHMOW TOKCHYHOCTH WM cMepTH. bonee BbIcOKast Ky-
MYJISITHBHAS 1032 aHnoTHHIOa (>700 Mr) B 11€710M OBLITA
cBsizaHa ¢ Oojee MIUTENHHONW BBDKHBAEMOCTHIO 6€3
MIPOTPECCUPOBAHUS TIPH PACIPOCTPAHEHHOM I'MHEKO-
noruueckoM pake. Hanbomnee qyacTbiM HekeIaTeIbHBIM
SIBJICHUEM, CBS3aHHBIM C IIPUEMOM aHJIOTHHHUOA, OblIa
6omw/aprpanrus (18,3 %). AHTOTHHNO MEPCIEKTHBEH
B JICUCHNH MAIMEHTOK C PACHPOCTPAHEHHBIM TMHEKO-
JIOTUYECKHUM PaKOM C OIpeieNieHHOH 3 HEeKTUBHOCTHIO
Y TIprEEeMIIEMOH 0e30MacHOCThIO [54].

AaubepenT CayXHUT PerenTopoM-I0BYIIKON
C BBICOKHUM cpoacTBoM st cBsizbiBanust VEGF. B
KIMHUYEeCKOM ncciienoBanuu I ¢aser y O0NbHBIX ©
TMHEKOJIOTHYECKHMH OIYXOJISIMM IIpenapar COOTBET-
CTBOBaJI mapamerpaM 3(h(HEeKTUBHOCTH, OTpeaeeH-
HBIM JI0 HayaJja UcCieI0BaHNs, HO TPU KIMHUYECKOM
MPUMEHEHUHU HaOJroganach 3Ha4YUTeIbHasT TOKCHY-
HOCTH [55].

VMMyHOJIOTHYECKHE KOHTPOJbHBIE «TOUKH»
(immunological checkpoints) — cucrema HUHrHOUTOP-
HBIX MEXaHU3MOB, KOTOPBIE PETryIUPYIOT aKTUBAIIHIO
HMMYHHOTO OTBETa, MPEMATCTBYS 3allyCKy ayTo-
HMMYHHBIX IPOLIECCOB, a TaKXX€ MOIYJIHUPYIOT €ro,
YMEHbIIIas TIOBPEXKICHNS B OpTraHax U TKAHSX, BEI3BaH-
Hble IMMYHHBIMH KJIeTKaMu. B rporecce kanmepore-
He3a UMMYyHHbIE KOHTposibHBIe Touku (MKK) wacto
AKTUBUPYIOTCS ¥ OCIAOJSAIOT IPOTUBOOIYXOJEBBIN
nMMyHHBIH oTBeT. MHrnonTopsr KK a¢ddexrnBub
[IPOTUB METACTAaTHUYECKUX OMYyXOJeH W YIydIIaroT
MOoKa3aTeau BbDKMBaeMOCTH. HenaBHHe KIMHUYE-
CKHE HCIIBITaHMs COOOLIAIOT 0 MHOroobemaromen
s pexTuBHOCTH HHTHONTOPOB MKK mpu HEKOTOPHIX
OHKOTMHEKOJIOTHYeCKHX 3a00s1eBaHusX. B HacTosiiee
BpeMs B CTaluH pa3pabOTKU HAXOASTCS HHTHOUTOPHI
UKK, Takue kak XxumepHble T-KIeTOUHbIE pELENTOPBI
n T-kieTku, HalleJIeHHBIE HA aHTUIEHBI OIyXOJeH
SHJAOMETpUs. MOJIEKYISIDHBI MEXaHU3M, JIeXKallUi
B ocHoBe 3 dekroB narudoutopo MKK, ocodbenno
B COYETAHUU C XUMHOTEpANUel, IyueBOH Tepanuen,
WHTUOUTOpaMHU aHTHoTreHe3a U moyn-A J]d-prnbo3o-
nonumepasbl (PARP), okoHuarensHO HE ompeaeneH
u TpedyeT nzyueHus [56].

BaxkxHocTh aHrmoreHesa sl pa3BUTHUS M MPO-
rpeccupoBanus DAK noka3biBaet 1esecooOpa3HoCTb
M3y4YeHUs BIUSHUS Ha TPOIECC 00pa30BaHUS COCY/IOB
B KOMIIJIEKCE TIPOTUBOOITYXOJIEBBIX TEPAIEBTUYECKUX
Mep. B nocnennee Bpems co3niaHbl penaparsl, J1ei-
CTBYIOIIME KaK HEOCPEICTBEHHO Ha POLIECCHI aHTHO-
reHe3a, TaK U Ha MHOYKTOPbI, ()aKTOPBI U PELIENTOPEI,
KOHTPOJIMPYIOIHE poCT cocynoB. K coxanenuro,
nofo0HbIe cpeicTBa 00aAal0T TOCTAaTOYHO BBICO-
KO TOKCHMYHOCTBIO, U K HUM OBICTPO Pa3BUBACTCSA
PE3UCTEHTHOCTb.

JIum¢paHrnoreses ¥ U3MeHeHUs!

BACKYJISIpU3aLUH JUM(ATHYECKUX Y3/10B

NPU KapLHOMe SHAOMeTPHs

Kak 6b110 0OTMEUeHO, M3MEHEHNS BaCKY ISIPU3alluu
OITYXOJIM TPOUCXOAT MPH BO3AEHCTBUU PA3INUHBIX
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(hakTOPOB M PENN30B, MPOAYIUPYEMBIX KaK CAaMUMH
PaKOBBIMH KJIETKaMH, TaK U OKPYKAIOIINMHU TKaHIMHU
npu ux runokcuu [6, 8, 32]. UzBectHo, yto VEGF
CTUMYJIUPYET HE TOJBKO F€MaHTHOTeHE3, HO U 00-
pa3oBaHHe W POCT IMM(paTHIEeCKUX cocyaoB [26, 27,
57]. OTH UUTOKWHBI AUCCEMUHUPYIOTCS TI0 OPTaHU3MY
Y JTOJDKHBI IPOSIBUTH CBOE MPO- M aHTHAHTHOTEHHOE
JieficTBHE B OTJIaJIEHHBIX OpraHax U TKaHsAX. B cBs3u ¢
STHM SIBJISIETCS 11€JIeCO00pa3HBIM N3yUeHUE aHTHOTe-
He3a B MeCTax, OTJAIIEHHBIX OT TIEPBUYHOTO OITyXOJIe-
BOT'0 O4ara, B [IEPBYIO ouepeib B pernoHapHbix JIY. He
HCKJIFOUEHO, YTO 10 U3MEHEHMSIM UX BaCKYJIApU3aLIH
CTaHyT BO3MOXXHBIMHU TIpeJICKa3aHHEe aKTUBHOCTH
aHTHOTEHe3a B MEPBUYHON OMYXOJIM U MPOTHO3 Kak
TedeHus 3a0ojeBaHus, Tak U 3)(HEKTUBHOCTU €T0
nedyenus [58, 59].

Yem nosiblie CyLIECTBYET OMYXOJb, TEM Oonee
JUTHTETbHOE BpeMsl OyIyT TMPOUCXOIUTH MPOITYKITUS
MIPOAHTUOTEHHBIX [IUTOKUHOB M MX BO3/IECHCTBUE Ha
JIV. Uem Oomnbliiie pa3mep OMyXOJid, TeM 0oJiee BbI-
pakeHa ee TUIIOKCHsI U OoJiee 3HaYnTeIbHa BBIPadoT-
Ka BEIIECTB, CTUMYJIUPYIOIINX aHTUOTEHE3, U TeM
CHJIbHEE JIOJKHO OBITH BBIPAYKEHO BO3AECHCTBHE ITHX
(axTOpOB HA POCT COCYIOB B PA3JIMYHBIX CTPYKTYPax
JIV. Belpa:XeHHOCTb COCYJUCTOM CETH B YBEITUUEHHOM
Y B3ATOM Ha Oouorncuro JIY MOXKeT SBISIThCS CUMIITO-
MOM Pa3BHUTHSA 37I0Ka9€CTBEHHON OITyXOJIH B PETHOHE
TUMQPOOTTOKA JaKe MIPHU OTCYTCTBUH MeTacTas3oB. [1o
CTEIIEHU YBEJIMYEHUS KoJinuecTBa cocynoB B JIVY, no-
BUJMMOMY, MO)KHO KOCBEHHO CY/IUTh O JUIUTEIBHOCTH
mpolecca 1 0 pa3mepe caMoi omyxonu [59].

B perpocnekTUBHOM HCCIENOBAHUM «CIydail-
KOHTPOJIb» MYJBTUIIJIEKCHAS UMMYHOTHCTOXUMHUS
ObLIa mpoBezieHa Ha 38 oOpasiax TKaHel Tella Mar-
KM, TIOJTY4eHHBIX OT JKEHIWH B NpeMeHormayse. B
npouQepaTUBHON (a3e MIOTHOCTh KPOBEHOCHBIX
U TUM(PaTHIECKUX COCYI0B Oblja BBIIIE B IKTO-
MUYECKOM M 3YTOIHNYECKOM DHIOMETPHH OOJIbHBIX
aJICHOMHO30M, YeM B IHIOMETPUH KOHTPOJIbHOMU
rpynmbl. OTHOCUTENFHOE KOIMYECTBO KPOBEHOCHBIX
cocyaoB 0e3 I1aIKOMBIIIEYHOTO 0-aKTHHHHA (ASMA)
TaKe OBbLJIO BBIIIE B DY TOMMYECKOM M AKTOITMYECKOM
SHJIOMETPUU TIPU aJICHOMHUO3€. YPOBEHb MHTEHCHUB-
Hoctu okpamuBanusg VEGF Obur oueHb BBICOKUM B
MHOMETPHH, HO HE Pa3INYaIICS MEKIY MallueHTKaMH
C aJIECHOMHMO30M U C KOHTPOJIBHOU rpymnmoil. ITpu ane-
HOMHO3€ B 3HJIOMETPUH OTMEUYEHO YCHIIEHUE aHTHO- U
mumdanruorenesa [57].

H.K. Maghraby et al. [60] u3yuanu omyXxoJieBbIit
muMpanruorenes B 55 cinyuasx DAK. [TonoxurensHo
okpawmeHusie D2-40 (podoplanin, mapkep numda-
THUYECKUX COCYJO0B) MHKPOCOCYBI MOJICYNUTHIBAIN
B HamOosee BaCKyJISIPHU3MPOBAHHBIX O4Yarax Ha IUIO-
maau 0,17 mm? ipu x400. JTumboBacKyssipHast HH-
Baszusa oOHapyxeHa y 20 mannueHToK, HO KOJMYECTBO
HNEPUTYMOPAIILHBIX JINM(PATUIECKUX COCYJ0B OBILIO
3HAYUTEIBHO BBIIIE, YEM BHYTPH Ommyxonu, — 17 + 7
vs 5 + 4 na eaunuue miomanu cpesza. KonuuectBo
MEPUTYMOPATHHBIX TUM(PATHIECKUX COCYIOB 3HAUH-
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REVIEWS

MO KOppennpoBaio ¢ aAuddepeHIpoBKoi Omy X0,
muMpOBACKYISIPHOIN WHBa3HeH 1 MeTactazamu B JIVY,
OITHAKO KOPPEJIAIUs Co cTanuell 3a0oieBanns ObLTa
crnaboii. Buytpuonyxonesast TuMQoBacKyIsipHas HH-
Ba3usl TaKXKe ObUIA B 3HAYMTEIBHOM CTETICHH CBsI3aHa
¢ Mmetacrtazamu B JIV.

HecMoTpst Ha MHOTOYMCIIEHHOCTb PE3YJIbTAaTOB
HCCIIEIOBaHUH, MOCBSIICHHBIX H3YYEHUIO ()OPMHUPO-
BaHUs KPOBEHOCHBIX COCYAOB, U €IMHUYHBIE JaHHbIE
o mumdanruorerese npu DAK, B iuteparype mosiHo-
CTBIO OTCYTCTBYIOT MTOT'M M3yY€HHs aHTMOTEeHE3a U
M3MEHEHUI BacKyIIpU3allii PETHOHAPHBIX U OT/ia-
JieHHbIX JIY Npu rMHEKOJIOrMYeCKOM paKe.

CBs13b M€Ky OCHOBHBIMH MOJIEKYJISIPHBIMHU
NMOATHIIAMH M KJIMHUYECKHUMHU 0COOEHHOCTSAMHU
IHAOMETPHOUTHON aTeHOKAPIHHOMBI

Pak ynoomempusa u mymayuu ¢ cene POLE

I'ern POLE koampyeT KaTamuTH4IecKyIo CyObeIMHNI-
1y JIHK-nonumepasbl ancuinoH. DToT OeJioK 0TBEYaeT
3a CHHTE3 BeAylleH HUTH B MPOILECCE PEITUKALIUN
JHK B S-thaze xierounoro mukma. POLE — Genox,
WTPAIOTHN KPUTHYECKH BYKHYIO POJIb B TIOAEPKAHUHT
reHOMHOH cTabuipHOCTH. Y manuenTok npu JAK ¢
myTanueii rena POLE nabmonanu yny4menue oomein
BBDKMBAEMOCTH U BBDKMBAEMOCTH O€3 IIPOrpeccupoBa-
Hust. Omyxonu ¢ mytanuer POLE B ocHOBHOM nmenn
SHJIOMETPUOUTHYIO TUCTOJIOTHIO ¥ OBLIN 3HAYUMO CBSI-
3aHBl C MHBa3Mel MeHee MOJOBUHBI ITyOWHBI MUOME-
tpust. Mytauuu POLE ciyxat BaxHBIM OHOMapKepoM
OrarompusATHOTO IIporHo3a mpu DAK, ormyxoiu xapak-
TEPU3YIOTCS BBICOKOW CTETICHBIO 3JI0Ka4eCTBEHHOCTH,
paHHelN cTagueil U OTIIMYAI0TCs HU3KOM BEPOSATHOCTBIO
MeTactasuposanus B JIY [61, 62].

Mukpocamennumnan HeCmadUILHOCHb

npu Kapyunome IH0OMempus

MukpocaremnuTHas HectabuinbHoCTh (MSI,
microsatellite instability) —HapymieHue cTaOUILHOCTH
reHoma mn3-3a nedexron B cucteme MMR (mismatch
repair, cucTemMa penapanuy HeclapeHHBIX OCHOBa-
HUI — cucTeMa, OTBevarolas 3a paclo3HaBaHUE U
yZaJIeHre OIMO0YHO CIIApPEeHHBIX OCHOBaHUH, KOTOPbIE
o0pazyroTcsi B pe3yJbTraTe HapylLIeHUH B mpoueccax
peruukaimn 1 pekomOunanuu JIHK), xapakrepusyio-
nieecs IUPOKUM CIIEKTPOM TONUMOP(GU3MOB JUTHH
MHUKpOCATEUTUTHBIX TOBTOPOB. Korma pabora MMR-
CHUCTEMBbl HapylleHa, TO IMPOUCXOAAT HAKOIJICHUE
omuOOK, KaK CIIE/ICTBHE, HAPYIICHHE CTAaOWIBHOCTH
reHoMa M MOSIBJIEHHME MHOXECTBEHHBIX MYyTalluii-
TPUITEPOB KaHLIEPOTE€HE3A.

W. Ju et al. [63] y 50 narmmenTox ¢ DAK obHapy-
KU 3HAYUTEITHHYIO KOPPEISAIIUI0 MEXKIY CTaTyCcoM
MSI u norepeii sxcripeccut hMLH1 u hMSH?2 (rensr
OenkoB BoccraHosneHus HecoorBeTcTBus JIHK). He
HalJICHO 3HAYUMOH cBA3M Mexay ctarycom MSI u
KJIMHUKO-IIATOJIOTHYECKUMU ITapaMeTpaMH, BKJIIOYast
BO3pacT, crerneHb quddepeHInpoBKH, CTaINI0, ITyOu-
HY UHBa3UH B MHOMETPHH, THBA3UIO B TMM(paTHIECKOES
MIPOCTPAHCTBO, Topaxenue JIY uim cocrosiHue Opro-
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mmHbL. OHAKO 0OHAPYIKEHBI 3HAYMMBbIC KOPPEISIHN
mexxay norepeir hMLH1 u Gonee HU3KHM THUCTOIO-
THYECKUM KJIACCOM, a TAaKKe OTCYTCTBHEM HMHBA3HUU
TUM(}aTUIECKOrO IPOCTPAHCTBA.

MSI Gb11a ooHapyxeHa B 10 u3 89 (11 %) oOpasios
OAK, U3 HEX B OAHOM Cilydae HaOJIONAIN MOTEPIO
hMLH1 u hMSH2, a y 5 u3 10 — tonbko hMLHI.
MSI ¢ motepeit hMLH gacTo muarsoctupoBaHa pH
OAK -1V cragmii mo FIGO u npu Hanu4um 04aros
Hekposa. Denorun MSI HabroaeTcst B HEOOIBIIOM
noarpynne DAK, n 370 4acTo cBSI3aHO ¢ MOTEpe
skcnpeccun hMLH1, HO numIb B peakux ciaydasx C
nedexramu hMSH2 [64].

Opxnako, mo ganaeiM L.H. Honoré et al. [65],
MSI nonoXuTeNbHO KOPpPEInupoBajga co CTENEHbIO
3J10KaUeCTBEHHOCTH, aTpOHeH 3HAOMETPUSI, IIII0CKO-
KJIETOYHOM MeTaria3ueil, mopakeHueM nepenieika,
TyOMHOM MHBAa3UM B MHOMETPHH, COCYTUCTOI NHBa-
31el, paclpoCTpaHEHUEM OITYXOJIH 3a IPEIeNbl MAaTKH
Y BHEMAaTOYHOW aHTHOJIMM(aTHYECKOM nHBa3uei y 218
60pHBIX ¢ DAK. He BBISIBIICHO 3HAUNMON KOPPEIISIIHH
¢ pasButuem DAK Ha hoHe aeHOMN03a, MYIIHHO3HOM
MeTariazruei, pa3MepoM OIyXoJid, MOpakeHUEM po-
TOBUIIBI, TUTIETpOHEH IeHKN MaTK1, IpOopacTaHuEeM
Cepo3HO 000JI0YKH MATKH 1 TUM(OUTHON peaKirei.
ITo narsev L.L. Li et al. [62], y O0MBHBIX ¢ BBICOKOH
MSI, o pe3ynbraram npeaonepanioHHoro 00cieno-
BaHMS, HEOHJOMETPHOUIHBIN PaK ObLT HE3aBUCUMBIM
(hakTOpOoM prcka MeTacTazupoBaHus B JIV.

Hexoropsie caydan DAK uMeroT xapaKTepHBIH
MOpGOJIOrHUeCKU (PEHOTHII, XapaKTePU3YIOLIHICs
00pa3oBaHNEM MUKPOKHCTO3HBIX, YIUIMHEHHBIX U
(parMeHTUPOBAHHBIX JKEJE3, YTO SIBISCTCS MPHU-
3HAKOM 3IUTEINAIBHO-ME3EHXUMAJIBHOTO TIEPEX0/a.
C.J. Stewart et al. [66] oriernuBann MSI B 33 oOpasiax
OAK HU3KOH CTereHH 3JI0KaYeCTBEHHOCTH € MOA00-
HBIMH M3MEHEHMSIMH, Pe3yJIbTaThl CpaBHUBAIM € 33
HaOJIIONEHUSIMU, IEMOHCTPUPYIOIINMH «TPaIULMOH-
HEI» marTepH. B nenom MSI unentudunmposana B
20 % o0pas3ioB, HO HE KOppeIUpoBalia ¢ PEHOTUIIOM
WU3MEHEHHBIX XKeJles.

WNnentudukanus 6MOMapKepoB, CBSI3aHHBIX C
s dexruBrOCTRIO Neuenus KK, moxeT oToOparh
NalMeHTOB, KOTOPbIe ¢ OOJbLICH BEPOSITHOCTHIO
OTBETAT Ha 3Ty Tepamnuto. Beicokuil ypoBens MSI
MOYKET OBITh CBsI3aH ¢ peakimei Ha omokany UKK, a
0 3HauUTEIbHOU MSI MOXKEeT CBUIETEILCTBOBATH 110-
BBIIIEHHOE KOJMYECTBO OITYX0JIEACCOIIMMPOBAHHBIX
CD3+ u CD8+ numdorutos [67].

DHoomempuouonas adeHoKkapuuHoma

u mymauuu 6 2ene CTNNB1

Komupyemsbiii renom CTNNB1 B-karenun — Gelok,
YYaCTBYIOIIUI B KJIIETOYHOH aAre3uyu U B Peryisiluu
AKCIIPECCHM TeHOB. MyTaluu U CBEPXIKCIPECCUs
-xareHnHa CBSI3aHBI CO MHOTHIMU BU/IaMH paKa, BKITIO-
gast DAK, uTo mpeamonaraeT ero poib B KOHTPOIIE
KJIETOYHOH mponmdepanuy uim rudenu Kietok [68].
ITpumepno 90 % ciayqaeB DAK nmerot, no kpaitHen
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Mepe, ogHy MyTanuio B reHe CTNNBI1. Myranuu B
TeHax, CB3aHHBIX C OITyXOJSIMH, MOTYT OBITh HJICH-
TUUIPOBaHBI B niepudeprdeckord Kposu. OaHAKO
HESICHO, SIBJISIETCS JIM IIOBTOPHOE TOSBJIIEHNE MYy Tallul
MIpETUKTOPOM peruanaa [69].

BanmuaupoBanHbie MyTanuu ObUTH OOHAPYKEHBI B
91 u3 100 ciygaeB DAK, m3menenus rera CTNNBI1
HICHTU(HUIMPOBAHBI TOJBKO B 21 % HaOmoneHuit. Otn
MyTalyu ObLIM CBSI3aHBI C MOJIOIBIM BO3PACTOM, SHI0-
METPUOUIHON TUCTOJIOTUEN U JTydllell BhIKUBAEMO-
cteio [70]. THBa3UsS MHOMETPHUS MUKPOKHUCTO3HBIMH,
YIJTMHEHHBIMH U ()parMeHTHPOBAHHBIMH JKeJle3aMHU He
OKa3bIBaeT HE3aBHCUMOT'O BIUSHUSI HA PUCK PELIUIUBA
npu panner cragun JAK, yacto HaOmonaeTcs npu
OITYXOJISTX HU3KOH CTENEeHH 3I0KaueCTBEHHOCTH U He
ceszana ¢ myranusimu CTNNB1 B 92,2 % [71]

W3 Be1GOpKH B 253 ciydas DAK I cramum omyxone-
Bbie myTaru CTNNBI1 npucyrctBoBanu y 45 (18 %)
JKSHIIUH. Y TAIUEeHTOK C HU3KUM PUCKOM, HE TIOy-
YaBIINX aTPIOBAHTHYIO TePaAIHIo, HaJMYNe MyTaIllul
CTNNBI He oka3bIBajO CyNIIECTBEHHOTO BIMSHNS HA
0e3penunBHY BbhKUBaeMOCTh (11,3 6e3 MmyTanuu vs
8,1 roga ¢ myrarnueit; p=0,65). Korna 6e3penuanBaas
BBDKHUBAEMOCTH ObLTa CTPaTU(HUITNPOBAHA 1O CTATyCy
myTarun CTNNBI1 u anploBaHTHOU Tepamnuu, y ma-
nueHTok ¢ MytanusiMu CTNNB1 u 6e3 abroBaHTHOM
Tepanuu OblIa camasi Hu3Kasi Oe3periIMBHas BhDKHU-
BaeMOCTh — 1,6 TOJ1a, Jajee ciaemIoBan MaueHTKH C
mytamsivu CTNNB1, momydaBmime agblOBaHTHYIO
tepanuto (4,0 roga), u 6e3 MyTaIuil ¢ albIOBAaHTHOM
Teparnueii u 6e3 Hee (8,5 u 7,2 ToJ1a COOTBETCTBEHHO).
Takum 00pazom, agbIOBaHTHAs TEpanus CBSA3aHA C
yAaydiieHneM O0e3peluInBHON BBDKUBAEMOCTH TPH
omyxoseBblx MmyTausax B CTNNBI [72].

Panee atu sxe aBTOPHI [ 73] 1O TaHHBIM MHOTOMEp-
HOTO aHaJI3a [TOKa3aJIi HU3KYI0 Oe3pEIHINBHYO BbI-
JKUBaeMOCTh y marueHTok ¢ DAK [-II ximmangeckux
craauii ¢ myranueit CTNNB1. Onyxomnu, MyTaHTHbIE
o reny CTNNBI, vame nmenu I-II crenenu 3no-
Ka4eCTBEHHOCTH M OBLIM acCONMHUPOBAHBI ¢ Ooee
BBIpa)KEHHOW WHBa3ued ONMyXOJU B MUOMETPHUU
u TuM(OBACKYISIPHON MHBa3ueil. MyTalmoHHbIH
ananu3 rena CTNNBI1 MokeT moMo4b BBIIBUTH MOJ-
rpynmy nauueHTok ¢ DAK paHHel craguy U HU3KOH
CTETIEHBIO 3JI0KaY€CTBEHHOCTH, KOTOPHIE TIOIBEPIKECHBI
BBICOKOMY PHCKY PEIHIBA.

Mymayuu ¢ 2ene TP53 npu pake snoomempus

benok p53 sBhseTcs TPaHCKPUIITHOHHBIM (bak-
TOPOM, PEeryJIupYIOMUM KJIETOUHBIH muki. OH
BBITOJTHSET PYHKIIHIO CyTpeccopa 0Opa3oBaHus 3710-
KaueCTBEHHBIX OITyX0JIel, COOTBETCTBEHHO, r'eH TP53
SIBIISIETCS] aHTHOHKOT€HOM, €r0 MYTAITUH BBISABIISIOTCS
B KJIeTKax okoji0 50 % 3710KauecTBEHHBIX OIyXOJei
[74, 75]. TpanckpunmmoHHas sKcrpeccus rena TP53
CHUKEHA TPH DHJIOMETPHO3€ U HHAOMETPUOUTHOM
KapIrHOME SIMYHIKA, HO 3HAYUTETHHO YBEITMIHBACTCSI
npu DAK, 1Mo cpaBHEHHIO ¢ HOPMaJIbHBIM DHIOME-
Tpuem [76].
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ITpu ananuze 100 oOpazuoB DAK, momyueHHbIX
XHUPYpPruyeckuM mytem, mytanuu reia TPS3 npucyT-
ctBoBaH B 30 % ciry4yaeB 1 ObUIH CBSI3aHBI C TIO3THEH
CTaJIel, BBICOKUM PUCKOM PELM/INBA U TJIOXOM 001Iei
BbpKkHuBaeMocThio [70]. [To muenuto M.A. Brett et al.
[77], craryc TP53 sBnsieTcst Hanboee BaXKHBIM TIPO-
rHocTHYecKuM dnomapkepom mpu SAK. MyTaHTHBII
tun p53 Habmoganu B 100 % cioyuaeB (n=126) npu
OAK I ctaguu, Bce ManueHTKH UMENTH HeOlIaronpu-
sataeid uexon. Ilo mamaeiv K.C. Kurnit et al. [73],
mytanus TP53 mpu DAK Takxke accoruupoBaHa ¢
HU3KOH Oe3peruJInBHON BBIXKMBAEMOCThIO. BmecTe
¢ otuM, myTaius TP53 moBblmaeT paguope3ucTeHT-
HOCTb KJIETOUHBIX AJIEMEHTOB KapLUHOMBI SHIOME-
Tpus in vitro [78].

Bnusaue runokcun Ha skcripeccuto TPS3 orenu-
BaJIU Ha Pa3IMYHBIX JIMHUAX KJICTOK PaKa YHAOMETPHUS
(ECC-1), Ishikawa (romy4eHHBIX U3 aJ€HOKapIHU-
HOMBI) 1 AN3CA (TToiy4eHHBIX W3 METacTa3oB B
JIY). Dxempeccust HIF-1a xoporo koppernuposaia ¢
ypoBHsMH dKcTipeccuu TP53 B mepBUUHBIX OMYyXOIIAX,
HO He IpH peruanBax. YpoBHH Oenka TPS53 Obutu ca-
MbIMU BbICOKUMU B KieTkax AN3CA. ['unokcuueckue
ycnoBus mHAynpoBan 6emok TP53 B ketkax ECC-1
u Ishikawa, HO He B MeTacTaTUYECKHUX OIYXOJEBBIX
kietkax AN3CA [8].

Taxum 06pa3zoM, HET OTHO3HAYHOTO MHEHUS O B3a-
MMOCBSI3H OOJIBITMHCTBA KIMHHUKO-TTATOJIOTHIECKUX
(haKTOPOB C OCHOBHBIMU MOJICKYJISIPHBIMU MOATHIIAMH
OAK. MoxkHo oTmMeTuTh, uto MyTanuu rena POLE
CITy’KaT MPHU3HAKOM OJarornpusTHOTO MPOTHO3a IMPH
DAK, omyxomm XapaKTepH3yIOTCs paHHEH CTaauew,
pexe MmetactasupytoT B JIY, HO pu 3TOM AUArHOCTH-
pYIOTCS BBICOKHME CTETNEHU 3JI0KaYeCTBEHHOCTH. M3-
MeHeHus reHa TP53 ogqHo3HAYHO CBSI3aHBI ¢ HO3QHEN
CTa/IneH, BRICOKMM PUCKOM PEIMINBA H ITIOXOH OOIIei
BBDKHMBAaEMOCTHIO. YacTh mccienoBaTeneii oTMedaeT
OTCYTCTBHE 3aBUCUMOCTH OOJIBIITMHCTBA KIIMHUYECKNX
nokaszareneil ot BelpaxkeHHOCTH MSI. Onnaxo, mo
JIPYrUM JaHHbIM, MSI NONOKUTETEHO KOPPEIUPYET
CO CTEIEHBIO 3JI0KaYeCTBEHHOCTH, arpoduent sHI0-
METpHsl, IUIOCKOKIETOYHOM MeTaIla3uel, rnopaxe-
HHUEM Mepeleiika, yOuHON HHBa3UK B MUOMETPHIA,
COCYIMCTON MHBA3UEH, paCIPOCTPAHEHUEM OITYXOJIH
3a Tpenenbl MaTKH M BHEMATOYHON aHTHOINMQaTu-
yeckoil mHBaszueil. Hekotoprie paboThl OKa3bIBAIOT
JOCTAaTOYHO YacTylo BcTpedaeMocTh (~90 %) myTarmii
rena CTNNBI1 npu DAK. Toraa kak ecTb pe3yabTarsl,
COTJIaCHO KOTOPBIM TOJTBKO B 18-21 % oOpaznoB DAK
MOYKHO 3apETUCTPUPOBATH YKAa3aHHBIE N3MEHEHHS.

3akJjioueHue

AHTHOTeHEe3 TIPE/ICTABISET COO0I BaKHBIN ATaIl B
MaToreHese MosiBICHUs, IPOrPEeCCUPOBAHUS U METACTa-
supoBanusg DAK, n uzydenne BacKyasipu3aIfy OmmyXo-
JU aeT BO3MOXKHOCTD IS YITYUIICHUS TUATHOCTUKH
U MEPCOHATU3UPOBAHHOTO MoAXoAa K JieueHuto. Ilo
Pa3HbIM JAHHBIM, COCYAUCTAS INIOTHOCTb KOPPEIUPYET
¢ BeICOKOH cTamueit DAK, HI3K0M mudPepeHITNPOBKOH,
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MHBa3uell MUOMETpPHS, TOPaKEHUEM IIEHKN MaTKH,
MPUIATKOB, MPOPACTAHUEM COCYAOB, METACTa3aMU B
JIY, npucyTCTBHEM PAaKOBBIX KJIETOK B IEPUTOHEATIBHOM
JKMIKOCTH, HU3KOU 0O0IIell BEDKMBAEMOCTBIO M BBbI-
KHMBAaEMOCTBIO 0e3 mporpeccupoBanus omyxonu. [lpu
9TOM €CTh ITyOIUKAINH, OTPHUIIAIOIINE CBS3b BACKYIIS-
PH3AINH C THCTOTHITOM U CTETICHBIO TG EPEHITNPOBKH
OITYXOJIH, JIMM(OBACKYIISIPHOM HHBA3UEH, METaCTa3aMK
B JIV, ryOuHo#i mpopacTaHuss MUOMETPHS U Jaxe
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NOJNIHbIA NATOMOP®OJIOMMYECKUA PEFPECC
MECTHOPACTIPOCTPAHEHHOIO TPUXAbl HETATUBHOIO
PAKA MONOYHOW XENE3bl NOCNE HEOAOBOBAHTHON

XUMUOTEPAMUN: KIMHUYECKUI CNYYAN

B.B. KoHcTaHTuMHOBa, I.A. [lJawsH, P.M. Axmepnos, A.M. benoycoB

KnuHuka BbICOKMX MeanLmuHckux TexHonoruin um. H.U. Muporosa CaHkT-MNeTepbyprckoro
rocynapCTBEHHOMO YHUBEpCUTETA
Poccus, 199034, r. CankT-lNeTepbypr, YHnBepcuterckasi Hab., 7-9.

AHHOTauus

AKTyanbHOCTb. TpWXabl HEraTUBHbLIN Pak MOMOYHOM Xernesbl ABMAeTCA Hanbonee arpeccuBHbLIM MONEKYAp-
HbIM MOATUMOM Cpeam 3roKavYeCTBEHHbIX OMyXOrnen MONOYHOW xernesbl. 3-3a BbICOKON nponudepaTvBHOM
aKTMBHOCTM OMyXOreBbIX KMNETOK W OTCYTCTBUS MULLEHEN AN TapreTHOW Tepanuu OCHOBHbIM METOAOM B
KOMMMEKCHOM NeYeHnn JaHHOro NoATUNa SBNAETCS CBOEBPEMEHHOE M 060CHOBaHHOE Ha3HaYeHne Heoaabio-
BaHTHOW xuMuoTepanuu. OnTumansHoe BpeMs Havana HeoaZbloBaHTHOWM XMMMOTEPanny onpeaenseTcs Kak
mMeHee 8 Hefl, NpeBbILLEHNE 3TOro Neproaa MOXET BNUSATL Ha 3P EKTUBHOCTL NEYEHS, a TakKe NPUBOANTDL K
MECTHOMY UM CUCTEMHOMY NPOrPECCMPOBaHNIO OMYXONeBOro npouecca. [JocTmkeHne nonHoro natToMopdo-
NOrnM4Yeckoro perpecca Ha oHe HeoaAbIOBaHTHOM XMMUOTEPanum 06ecnedyrBaeT CHUKEHNE OTHOCUTENBHOIO
pucka peungmsa 6onee yem Ha 70 %, UTO, B CBOIO odepeapb, BeAET K 3HaUMMOMY Yry4LIEHUIO A0MTOCPOYHOM
BbDKMBaEMOCTWN AaHHON KOropThbl NaumeHToB. OnucaHue KnuHMYeckoro cny4as. lMauneHtka 32 net obpatu-
nack B KIMUHKKY cnycTs 15 Mec nocne nocTaHOBKM AnarHo3a TpuKabl HeraTMBHOIO paka MOMOYHON xenesbl. Ha
npoTskeHun 15 mec naumneHTka feynnacb MeTogamu ansTepHaTMBHOW MeQULIMHbI, U HA MOMEHT obpalleHus
3aperncTpupoBaH BbIPaXKEHHbLIN MECTHbLIN POCT OMyXOSn C MacCUBHbLIM pacnagoM, CUMNTOMamMu ONyXoneBon
WHTOKCMKALMN N HYTPUTMBHBIX HapylleHni. Ha oHe cumnToMaTnyeckon v nogdepXusaroLllen Tepanvm
npoBedeHa HeoafbloBaHTHasA xumuoTtepanus: 12 uMKnoB naknutakcen + kapbonnatuH B exeHenenbHOM
pexvmMe ¢ nocnegywmnmmn 4 umknaMmm gokcopybuumH + umknodgocdamma B 4O30YNNOTHEHHOM pexnme. Ha
hoHe neyeHnss OTMeYaeTCs BbIpaXKeHHAs NOMOXUTENbHaA AMHaMMUKA B BUAE 3HAYUTENBHOTO YMEHbLUEHUS
pasMmepa onyxomnu, yny4dlleHust obLiero coctosiHnsa 6onbHoN. KnnHmnyeckn 3Haunmbix No6OYHbIX 3PEKTOB,
notpeboBaBLUMX rocnuTanu3auMm Unu pegykumyi o3sbl npenapara, He Habnioganock. o 3aeeplueHun
HeoaAbIOBAHTHOMO aTana fevyeHns naunMeHTKe BbINOoMHeHa pagvkansHas Mactoktommnst no Madden cnesa.
Mo pesynsratam rucTonorM4yecKkoro UccrnegoBaHus NocreonepaunmoHHOro marepumana AOCTUMHYT MOSHbIN
naTomMopdonorMieckunii perpecc NepBUYHOM OMyXONu 1 PErMoHapHbIX NMMAO0Y3noB. B agblioBaHTHOM pexvive
Ha3HaveHa AucTaHuMoHHas nyyesas Tepanus. Cnycts 3 roga nocne nocraHoBkM AuarHosa u 1,5 roga no-
Crne 3aBepLUeHNst KOMMEKCHOro NevYeHns nauneHTKa NpoAoHkKaeT XUTb NOMHOLEHHON XU3HBIO U NNaHnpyeT
OTCPOYEHHYIO PEKOHCTPYKLIMIO yAaneHHOW NeBOM MOMOYHOM Xernesbl C ayrMeHTauMOHHOM MaMMONIacTUKON
cnpasa. 3akntoyeHune. [JaHHbIN KMUHUYECKUA Cryvan 4EMOHCTPUPYET Peakvuin BapnaHT MacCUBHOIO MeCT-
HOrO MPOrpeccupoBaHns TPWKAbI HEFaTUBHOTO paka MOSIOYHOW Xernesbl C NOMHbIM NaToMOPdONOrnyeckum
perpeccom nocrne HeoagblOBaHTHOM XUMMUOTEPaNuK cnycTa 15 Mec nocne NoCTaHOBKW AnarHosa.

KnioueBble cnoBa: TPUXAbl HeraTMBHbIN pakK MOJIOYHOW Xene3bl, NONHbIN ﬂaTOMOpCbOﬂOFM‘-IeCKVIﬁ perpecc,
HeoaAbOBaHTHaA XuMuoTepanus, ,qO30yI'IJ10THeHHI:IVI pPexum.

#=7 KoHcTaHTMHOBa Banepus BanepbeBHa, konstantinova.valery@gmail.com
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CNYYAN U3 KNTMHUYECKOW MPAKTUKN

PATHOLOGICAL COMPLETE RESPONSE OF LOCALLY
ADVANCED TRIPLE-NEGATIVE BREAST CANCER:
CASE REPORT

V.V. Konstantinova, G.A. Dashyan, R.M. Ahmedov, A.M. Belousov

N.l. Pirogov Clinic of High Medical Technologies, Saint Petersburg State University
7-9, Universitetskaya Emb., Saint Petersburg, 199034, Russia

Abstract

Background. Triple-negative breast cancer is the most aggressive molecular subtype among breast
malignancies. Due to the high proliferative activity of tumor cells and the lack of targets for targeted therapy,
neoadjuvant chemotherapy plays the main role in complex treatment of this subtype. The optimal time to
start neoadjuvant chemotherapy is defined as less than 8 weeks. Delays in time to treatment initiation may
adversely affect treatment outcomes, as well as cause local or systemic disease progression. Achieving
complete pathological response after neoadjuvant chemotherapy reduces the relative risk of relapse by
more than 70 %, which, in turn, leads to a significant improvement in long-term survival of these patients.
Description of the clinical case. A 32-year-old woman came to the clinic 15 months after being diagnosed
with triple-negative breast cancer. The patient was treated with alternative medicine methods for 15 months,
and upon admission to the hospital, the patient had pronounced local tumor growth with massive decay,
tumor lysis syndrome and nutritional disorders. We decided to perform neoadjuvant chemotherapy: 12 cycles
of weekly paclitaxel + carboplatin, followed by 4 cycles of dose-dense doxorubicin + cyclophosphamide.
Chemotherapy resulted in a significant reduction in tumor size and improvement of health status of the patient.
There were no clinically significant side effects requiring hospitalization or dose reduction. Upon completion of
neoadjuvant treatment, the patient underwent mastectomy. The histological examination revealed a complete
pathological response of the primary tumor and regional lymph nodes. The patient underwent adjuvant
external beam radiation therapy. The patient is alive 3 years after diagnosis and 1.5 years after treatment
completion. She plans delayed breast reconstruction with contralateral breast augmentation. Conclusion.
This is a rare case of locally advanced triple-negative breast cancer with pathological complete response
to neoadjuvant chemotherapy 15 months after diagnosis.

Key words: breast cancer, triple-negative breast cancer, pathological complete response, neoadjuvant

chemotherapy, dose-dense regimen.

BBenenne

Pakx monounoii xene3sl (PMIK) Ha mipoTsHKeHHH
MHOTHX JIECATHICTUH 3aHUMAaeT JIUIUPYIOIINe IOo-
3ULUHM B 3200JI€BAEMOCTH JKEHIIUH 110 BCEMY MHPY
U JI0 CUX MOp OCTAETCs OIHOM U3 ITIaBHBIX MPUYUH
CMEPTHOCTH OT OHKOJIOTHYECKHX 3adoieBaHmit [1].
CTONKHYBIINCH C OHKOJOTHYECKUM JUATHO30M,
MHOTHE TAIlUeHTHI BIAIal0T B OTYASHUE U UIYT JI0-
MOJIHUTETILHBIC METOABI JICUCHUS BMECTO CTaHAAPT-
HOHM Tepanuu paka. CrenuanaucTbl albTepHATUBHOU
MEIHUIIMHBI 3a9aCTYIO0 MPEJIararoT MOJTHOE H3JIeUeHUEe
OT OOJIE3HU U OTCYTCTBUE TTOOOUHBIX d(PPEKTOB, UTO
MOJITAJIKMBACT MAIUCHTOB OTKA3aThCsl OT OOIICTPH-
HATBIX MeToI0B sieueHus. L.M. Kempppainen et al. [2]
MIPOaHAM3UPOBAIN UCIIOIB30BAHNE KOMIIEMEHTAap-
HOM 1 alTbTepHATUBHOM MeAUIMHEI B EBporie 32 2018 1.
U CJIeJIaliv BBIBOJI, UTO OoJiee 25 % HacesneHus EBporib
PETYISIPHO MPUOETraroT K Heo(UIUAITBHON MEAUIINHE
JUTS JISYEHUSI MEHEee Cephe3HbIX 3a00JIEBaHMIA, TAKAX
KaK 0OJb B II€€ M ajIepPTHs, KOTOPYIO HEKOTOpPHIE
Bpayu Ha3HA4aloT B Ka4eCcTBE 1anedo ¢ HeOOIbIINM
KOJIMYECTBOM MOOOUYHBIX 3D (DEKTOB.

B OonpmuHCTBE ciydaeB MalMeHTHl oOpatia-
I0TCS K allbTepHATHBHONW MEIUIIMHE B JIOTIOJHEHHE
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K CTaHJapTHOMY HPOTHBOOIYXOJEBOMY JICUCHHIO,
Hanpumep, Al KOPPEKLIUH ICHX03MOLMOHAIEHOTO
COCTOSIHUS, JENpeccuu U 0O0JIEBOrO CHHAPOMA, HE-
CMOTpsI Ha cJ1a0y 0 JTOKa3aTesIbHY 0 0a3y U OTCYyTCTBHUE
CTaHAAPTU3UPOBAHHBIX MOAXO0B B 3TOM oOnactu [3].
OpnHako HEpPEIKH CIydau IOJHOTO 0TKa3a OT O(UIH-
QJIBHOTI'O JICUEHUS B II0JIb3Y JIbTEPHATUBHBIX METOJIOB,
YTO MMPUBOAUT K MECTHOMY HJTH CHCTEMHOMY MIPOTpec-
CHPOBaHHIO OCHOBHOTO 3a00JICBaHUS M IPECTABIISCT
yIpo3y *KU3HU MaLUCHTA.

Bpems go nedenus (time-to-treatment, TTT) B
MOCTIeTHHIE TOBI Bce OOIbINe MPUBICKACT BHUMAHHE
UCcIieIoBaTeseii i CTAHOBUTCS BaYKHBIM TIPOTHOCTH-
YEeCKUM (aKTOPOM B JICYEHUH Paka MOJIOUHOM KeJe3bl.
OTOT moKa3zarenpb ONpenessieTcs Kak Mepuoi OT I0-
CTaHOBKH JMarHo3a WJIN MEPBUYHON KOHCYIBTAIMN
110 Hauaua crierduyeckoro nedenus. MizBecTHo, 4To
yBEJIUYCHHE BPEMEHH [0 JICUCHHS JOCTOBEPHO acco-
LIMMPOBAHO CO CHIKEHHEM 001el 1 Oe3peuAnBHON
BBEDKUBAEMOCTH [4]. B peTpoCneKTHBHOM HCCIIEO-
Banuu A.C. Polverini et al. (2016), Bxirouaroriem
420 792 nanueHTKH, NPOJeUEHHBIX XUPYPrUUeCKUM
MyTEM Ha IIEPBOM 3Tarle, OKa3aHo yBEJINUYCHUE Bpe-
MEHHM OT ITOCTAaHOBKH AMArHo3a 0 XUPypPrudecKoro
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JeyeHus: B 3aBucuMoctu ot craguu PMIK. Veenu-
YEHHE BPEMEHHU 10 XUPYPrUYECKOro jedeHus >12
HEJ[ CBSI3aHO CO CHIDKCHHEM OOIIell BEDKHBAEMOCTH
(ornomenue puckoB (hazard ratio, HR) 1,14, 95 %
noseputenbHblid mHTEpBan (AM) 1,09-1,20). Ilpn
CTpaTU(QUKAINH TI0 CTaAusIM y manueHTok ¢ PMXK [
CTaJUH, IMOTYYaBIINX JICUCHNE B TeucHHE 8—12 Hen
(HR 1,07, 95 % AW 1,02—1,13) u >12 wex (HR 1,19,
95 % AN 1,11-1,28), a Taxke y mauuentok ¢ PMK
II ctapuu, momy4daBmux Jieuenue uepes >12 vex (HR
1,16, 95 % U 1,08-1,25), Habmronanoch CHIKCHUE
00I11IeH BBDKMBAEMOCTH 110 CPABHEHUIO C OOJIBHBIMH,
MPOJICUCHHBIMU MEHEE ueM uepe3 4 Henl mocie Mo-
CTAaHOBKHU JuarHosa [5].

B Hacrosimee Bpems CHCTEMHOMY JIeUeHHUIO OoJiee
arpeCcCUBHBIX MOJIEKYJISIpHBIX oATHIIOB PMIK, Takux
Kak Tpuxk/ipl HeratuBHbI 1 HER2-nmo3uTuBHbIH, OT-
BOJAUTCSI IEPBOCTEIICHHAS POJIb, IOATOMY ONTUMATb-
Hasl TAKTUKA JCUYCHUS! B TAKUX CIIy4asX BKJIOYAET
B ceOs MpoBeNCHUE HEOAABIOBAHTHOW CHCTEMHOMU
Tepanuu. BiausHue BpeMEHH OT MOCTAaHOBKHU JIHa-
THO3a JI0 Havyalla HEO0aIbIOBAHTHON XMMHUOTEpANUU
(HAXT) uzyuanoce D. Livingston-Rosanoff et al.
[6]. B anamu3 BrimroueHo 12 806 marmenTok ¢ PMK
I-IIT crapuu; cpenHee BpeMs OT MEPBOHAYAIBHOTO
nuar"osa no Hadaia HAXT cocrtasuino 4 Hen, 0oiee
90 % malMeHTOK HaYaJd JISYSHUE B TeUeHHE & Hex
[10CJI€ MOCTAHOBKU JIMarHO3a, HE3aBUCUMO OT MoJie-
KYJIIPHOTO TIOATHITA. ABTOPBI HE 0OHAPYIKUIIH CBSI3H
Mexy BpemeneM Hayasia HAXT u BBIKHBaeMOCTbIO
npu HER2-nonoxwurensuom pake (HR 0,91; 95 9% AU
0,74-1,12) u tpmwxaer HerarmeHoM PMIK (HR 1,10;
95 % 11 0,97-1,24), omHaKo OTMEUYAETCsI, ITO UCCIIC-
JIOBAaHUE MMEET OIPEJICIICHHBIC OPaHUYCHUS: 0O0JIb-
mUHCTBO manuenTok Hauaau HAXT B Teuenue 8 Hen
[10CJI€ OCTAHOBKHU JUArHo3a, 03TOMY HEBO3MOXKHO
OLICHHUTH PA3INYHS B BBKHBAEMOCTH, CBSI3aHHBIE C 60-
Jiee JUTMTEeTLHBIMHE 3a7iepKkamu (>8 Hex). Ha nanubrit
MOMEHT OOJIBIIUHCTBO UCCIIEAOBATEIICH CXOMIATCS BO
MHEHUH, YTO ONTUMAJIbHOE HAYaJI0 HE0AbIOBAHTHOT'O
neueHust PMK cocrasisier MeHee 8 He.

IIpencraBneHHbI KIMHUYECKUN Cilydald JI€MOH-
ctpupyer ycnemnoe npumenenne HAXT B neue-
HUM Pacnajalolleiicss OmyXoiau MOJOYHOH >KEe3bl
crycts 15 Mec ¢ MOMEHTa OCTAaHOBKH JAUArHo3a.
CII0)XHOCTHh B BBIOOPE ONTHMAIBLHOU TAKTUKH JIe-
4yeHusl 00yCJIOBIIEHA 3aIyIEHHOCTHIO OIYXO0JIEBOTO
MpoLecca, arpeCCUBHOCTHIO MOJICKYJISPHOTO IMOA-
TUIA IEPBUYHON OMYXOJIH, HATMYUEM BBIPAKECHHOU
OTTyXOJICBOW MHTOKCUKAIIUH U TSIKECTHIO OOIIETO
coctosiuusl 00sbHOM. KiimHMueckas U colualibHast
3HAYUMOCTH MPEACTABICHHOIO CIIydas 3aKII04acTCs
B B&)KHOCTHU CBOEBPEMEHHON TUATHOCTUKHU U JICUEHUS
3JI0KQUECTBEHHBIX OIYXOJIEH, a TAKXE B OMACHOCTHU
MIPUMEHEHUST HEJO0KA3aTeIbHBIX METOIOB TEPAIUU B
otHomreHun PMOK. Knuandeckuii cinydaid myOnuky-
etcs B coorBeTcTBUU ¢ KpuTtepusimu CARE s npen-
CTaBJICHUS KIIMHUYECKUX CITydaeB, pa3paboTaHHBIMH
D.S. Riley et al. 8 2017 1. [7].
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Kannnuecknii cry4qaid

Hayuenmra O., 32 nem, enepsvie obpamunace
6 Knunuky 6b1coKux MeOuyuHcKux mexsHono2uil um.
H.U. ITupozosa CIIBI'Y 6 okmsbpe 2021 e. ¢ scarobda-
MU HA 00WyI0 c1aboCmby, YeenuteHue 1e6oL MOLOYHOU
Jrcenesvl 8 pazmepax u omoensemoe u3 vee. Mz anam-
nesa: e urone 2020 e. camocmosamenvHo 00HapyicuLa
0bpazosanue 8 1e8oll MONIOYHOU dicelle3e, 8 CA3U C
yem 06pamuUIAcy K OHKOIO0ZY NO MECTY JCUMeTbCmad,
gvinonneno Y3U monounvix srcenes: 8 1€601 MOTOYHOU
JHcenese 8 8ePXHe-HAPYHCHOM Keaopanme 8 2 cM Om
COCKA 0npedensnoch 2Un0IX02eHHoe o4azo8oe oopa-
308aHUe C HeYeMKUMU HEPOBHLIMU KOHMYPAMU, PaA3-
mepamu 24 %15 x16mm, BI-RADS MS 4c. Boinonnena
core-ouoncus 3mozo oopazosanus. I ucmonozuyeckoe
saxatouenue (Ne 20537-2020, 21.08.20). unsasuenas
Kapyunoma Hecneyuguueckoeo muna, G3. 3axuo-
YyeHue UMMYHOSUCHOXUMULECKO20 UCCIe008AHUS
Ne 553.20: ER — 0, PR — 0, HER2 — 0, Ki67 — 90 %.
Tpudicowt necamuhbiti nOOMuN. Ycmanoseien OuazHo3:
Pax nesoti monounoii scenezot cT2NOMO G3 (mpuoic-
0bl Hecamuenwlll noomun), IIb cmaous. Pewenuem
OHKOO2UHECKO20 KOHCUNUYMA HA3HAYEHA Heoaobio-
sanmuasn xumuomepanusi no cxeme: 4 yukia AC c
nocneoyrowumu 4 yukiamu npenapamom /loyemaxcer.
28.08.20 nposeden 1-it yuxn HAXT no cxeme AC. Om
8MOPO20 88€0€HUS U OANbHEUUe20 CREYUATbHOZO
JleYeHUsl nayueHmKa OmKa3aiacs, 6blopas memoobl
AbMEPHAMUBHOL U 20MeONamu4eckol MeouyuHbl.
Cnycmsa Heckonibko mecayes aibmepHAmueHozo
JleueHuss ommeyeH npoOONHCEHHbIL POCH ONYXOU
C 00pazosanuem ceuueso20 OmeepCmus Ha Kodice
Mmonounot ducenesvl. Jlemom 2021 2. 6 césa3u ¢ pazsus-
wieticsi ONyxXoneou UHMoKcuKayuel, KpogomeueHuem
U3 A36EHHO20 OepheKma MONOYHOU Jicene3vl, CUHOPO-
MOM HYMPUMUBHBIX HAPYUWIEHULL U AHeMUel MAICEN0U
cmenenu SKCMpeHHO 00CMABIeHd 8 CIAayuoHap, 2oe
npogedena nepeuyHas xupypauieckas oopabomia
A36EHHO20 OeeKxma MONOUHOU Jicenesbl, 2eMOCMAmi-
yeckas mepanus, d MaKdHce KOppeKyusi HympumueHbIx
HapyuwieHuli u 2emamono2udeckux noxasameneu. B
npoBeoeHUU CReyUualbHo20 NPOMUEBOONYX01e8020
JledeHUst OMKA3AaHOo 88UOY PACIPOCPAHEHHOCU NPO-
yecca u msxcecmu 00uje2o COCMOoSHUSA, 8 CE3U C uem
nayueHmka oopamunace 8 KiuHuky 8vlcokux meou-
yunckux mexuonoeutt um. H.U. Iupocoea CIIPT'Y.

Ilpu ocmompe na momenm obpawjenus: cocmos-
HUe cpeonell cmenexu msicecmu, 00yCl081eHHOe
PACnpocmpaneruem U OCIONCHEHUAMU ONYX01e68020
npoyecca, ECOG — 2, undexc Kapnoeckozo — 60 %.
JlokaneHuili cmamyc: 1e6das MONOYHASA JHcene3a pe3Ko
yeenuuena 6 pamepax, Omeyna, ¢ y4acmkamu pacna-
0a, 3aHUMAOWUMU OOTBULYIO YACHb Jcele3bl, NOBepX-
HOCMb KOHMAKMHO Kposonmouusa (puc. 1). Beinonneno
Y3U monounvix ocenes (03.09.20): nesas monounas
Jcene3a aAcCUMMempuyHo yeeiudenda 6 pasmepax,
OCMOMPEHA HA OMOENbHBIX (Ppasmenmax, 20e Hem
538eHHbIX Oeghekmoe Ha kodice. CmMpyKmypa MOIOYHOU
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Jicenesvl npedcmasiiena bechopmeHHol MKAHbIO, 20e
He NPOCAeNCUBAIONCIL HU HCUPOBbLE OONbKU, HUL Jicelle-
3ucmas mrkans. B cmpyxmype amoil mxami, 0cobenHo
6 2IYOOKUX 0OMOENAX, MHONCECNBEHHbIE KATbYUHATb
6 6uoe poccovinu. OmoenbHo2o y31a KaK maKko2o Hem.
Ha ecio momwyy evinonnums Y3-uccnedosanue ne
nPeoCcmasusaiemcst 603MOICHLIM U3-3a DONLULUX PA3-
Mepog yeenuuenHoul xcenesvl. Kooca uzmenena 3a cuem
SA36EHHbIX Deqhekmos. B noomviuieunotl énadune ciesd
JOYUPYIOMCSL MHONCECMBEHHBLE TUMPOY3TbL, CIUBAIO-
wuecs opye ¢ 0pyeom, oKpy2iol (hopmel, pazmepami
00 2,0 cm, kopa y3106 ymoaujera 0o 6,3 Mm, KpOBOMOK
yeunen 6 oonacmu 6opom u 6 kope. OmoenvbHvie um-
hoyznvl npedcmasiervl UN0X02eHHbIMU 00PA308a-
Huamu, 6e3 cepoyesunvi. KT opearnos epyorou Kiemku
¢ enympusennviM Konmpacmuposanuem (22.09.21):
006paszosanue 1e6oll MOIOYHOU Jicenes3bl ¢ POGHbIMIU,
yemkumMu Kowmypamu, pazmepamu 12,5%17,8 cm,
HEOOHOPOOH020 Xapakmepda 3a cuem pPa3HOKAIU-
bepuvix (hpacmenmos caza. Ommeuaemcst blnom 6
NOOKONCHO-JCUPOBOTL KIlemuamke 1e60U MOJI0YHOU
arcenesvl moawunou ciost 00 11 mm. Iloomolueunvie
aUMGhOy3bl CLesa npedcmasieHvl 8 DOIbULOM KOUYe-
cmae, ygenuyenst 00 16 mm. 1o OanHbIM KOMNIEKCHO20
0bcnedosanuss 0moaieHHblX Memacmaszos He Bbl-
sa61eno. MonekynsapHo-eenemuueckoe ucciedosanue
Ha HaTuyue HACIeOCMBEHHbIX MYMAayuil, accoyuupo-
BAHHBIX C PUCKOM PA3GUMIUSL PAKA MOJIOYHOU Jicene3bl,
memooom NGS (15.11.21): mymayuil ne odHapyceHo.
Baxmouenue onxonoeuueckou komuccus (21.10.21):
C YYEmoMm 2UCmonocU4ecko20 NoOMmunda Onyxonu (Um-
6azusHas Kapyunoma necneyuguueckozo muna G3,
MPUINCObL He2AMUBHbLL MOLEKVIISPHbLIL noomun, Ki67 —
90 %), nesasepwiennou noauxumuomepanuu (11X7T)
NPUHAMO peuleHue 0 NPo8edeHUl XUMUOMepanuy no
cxeme nakaumakcen + Kkapooniamun.

21.10.21 nayuenmka cocnumanusuposanda Oiis
nposedenUs XUMUomepanuu no cxeme nakaumarcen +
xkapoonnamun. C yuemom s36eHHO20 Oehexma, pac-
naoa onyxonu u UHGUYUPOBAHUS PAHbI 8bINOIHAIUCS
edHceOHesHble NepesasKul, cOelaH OAKmepuoIoeU4ecKull
noces ¢ panesotl NOBepPXHOCMU Oist NOOOOPa AHMUOAK-
mepuanbHoU mepanuu, o OaHHbiM komopoeo (1.11.21)
8bIABIICH OOUNLHBIL POCI YCIIOBHO-NAMO2EHHOU M-
kpoghnopwl (Escherichia coli, Enterococcus faecalis,
Enterococcus faecium, Corynebacterium striatum,).
Ha ocnosanuu anmubuomuxoepammsi, yuumoleas
NOCAeOVIOWYIO YUMOCMAamudeckyio mepanuio, no-
0obpana aHmubuomukomepanus: AUHe30aAU0 +
meponenem. C 21.10.21 no 20.01.22 nposedeno 12
yuknos [IXT no cxeme naxaumarcen + kapooniamun
6 edcenedenvHom pedxcume: naxkaumarcen 80 me/m’
+ kapoonnamun AUC 2, yuxn — 7 onetl. Ilpu oyenke
aphexma xumuomepanuy Ommeuaemcsi GblPaANCeHHas
NONOJICUMENbHASL OUHAMUKA 8 GUOe 3HAUUMETbHO20
VMeHbleHUs pasmepa onyxoau (puc. 2), yayuuienus
00uweco cocmosinust GOIbHOLL.

Ha gpone nposooumout xumuomepanuu KIUHUYECKU
SHAYUMbIX NOOOUHBIX 3pexkmos, nompebosasuiux
20CNUMAU3AYUYU UTU PeOYKYUU 003bl npenapama,
He Habnrooanoce. C 7.02.22 no 28.03.22 nposedeno
4 yuxna IIXT no cxeme AC 6 0030yniomueHHoM pe-
arcume: 0okcopyouyun 60 me/m? + yuxnopocpamuo
600 me/m?, yuxn 14 oneil. B kauecmee npopunaxmu-
KU (heOpUTbHOU HEeUMPONeHUU U 2eMAMON0SULeCKOl
moxcuunocmu 111 u IV cmenenu ucnonv306an pekomou-
HAHMHBLL 2PAHYIOYUMAPHBIL KOLOHUECTIUMYIUPYIO-
wutl paxmop — smnzepunepacmum 7,5 me uepesz 24 u
nocie OKOHYanus 68edenus xumuonpenapamos. Ilo
OKOHYAHUU 3ANTIAHUPOBAHHBIX YUKTLO8 XUMUOMEPANUUL
OMMeUAnach BbIPANCEHHAS KIUHUYECKAsl pecpeccust
nepsuunoi onyxonu (puc. 3). Ilpu koumpononoti KT

Puc. 1. JlokanbHbIl cTaTyc Ha MOMEHT obpalleHus.
[MpumeyaHue: hoTorpadusi BeINONIHEHA aBTOpaMmn
Fig. 1. First visit examination.

Note: created by the authors

CUBMPCKUI OHKONOMYECKUM XXYPHAJ. 2024; 23(4): 186193

Puc. 2. IlokanbHbi ctatyc nocne 12 BBeaeHun 1-ro 6rnoka xu-
MUOTEpPanuM No CXeMe naknutakcen + kapbonnaTuH.
Mpumeyanue: choTorpadusi BeiNnonHeHa aBTopaMm
Fig. 2. Examination after 12 cycles of weekly paclitaxel-carbopla-
tine chemotherapy. Note: created by the authors
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Puc. 3. JlokanbHbIN cTaTyc Mo 3aBepLUEeHUN NOCreaHero uukna
xumuoTepanuu. Mpumedanune: cotorpadus BbiNonHEHa
aBTOpamMu
Fig. 3. Examination after completion of neoadjuvant
chemotherapy. Note: created by the authors

Puc. 4. KomnbloTepHasa Tomorpadus opraHoB rpygHON KNeTKu
rocre 3aBepLUEeHNs BCeX 3annaHnpoBaHHbIX LIMKMOB XMMUoTepa-
nun. NpumeyaHne: CHUMOK BbIMONHEH aBTopamu
Fig. 4. Computed tomography scan after completion of neoadju-
vant chemotherapy. Note: created by the authors

0pP2aHO8 ePYOHOU KIemKU C 6HYMPUBCHHBIM KOHMPA-
cmuposanuem no oxkonuanuu HAXT (25.04.23): &
J1e801L MONIOYHOU Jicenesze, NPeUMyUieCmeeHHo 6 8epx-
HUX K8AOPAHMAX, ONpeoeisiemcs namoio2uieckoe
00pazosarue ¢ 6madiceHuem u 0eheKmom Koxicu, pas-
mepamu 44 x14 mm ¢ HepagHOMEPHbLIM HAKONIEHUeM
KoHmpacmuozo eeuwjecmea. Yacmuunas pezpeccus
AKCULAPHOU Tumpadenonamuu ciesa (puc. 4).
27.04.22 svinonnena paouxaibHas MacmaKmomus.
no Madden cnesa. I[lo 0anHbiM 2ucmonocuieckozo
Ucce008anss NOC1eonepayuonHo20 mamepuaia (Ne
44468 om 5.05.22). 6 ne6oii MonouHOl dcenese 8 npo-
exyuu npeocyujecmsyioujeti Onyxouu onpeoensiemcs
aumehocucmuoyumapHas uHpuILbmpayus ¢ oouruem
KCAHMOMHbBIX KIEemoK, 2emocudepodazos, MuKpo-
KanbYUHO30M, ePaHylIeMamy no muny UHOpPOOHbLIX
men, ¢puobposzom u euarurnozom cmpomul. Mopgho-
J02UYecKas KapmuHa Modcem cOOmEenmcmaeo8anms
V cmenenu newebnozo namomopgposza no Miller—
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Payne. B 16 num¢pamuuecxux ysnax (0,1-1,5 cm)
peakmusHvle UsMEeHe s, 04a208blll IUNOMamos, o6e3
NPU3HAKo8 Memacmamuieckoeo nopadxcerus. C yue-
MOM NOJIHO20 NAMOMOPGoocuLecKkoeo omseema no
NepeUUHOL ONYXOMU U PeSUOHAPHBIM TUMPATNULECKUM
V1AM A0BIOGAHMHASL XUMUOMEPanus He NOKA3aHd,
PEKOMEHO0B8AHA OUCTNAHYUOHHAS TYYesds mepanus
Ha 001acmov YOaieHHOU MOJIOYHOU JHcene3bl U 30Hbl
peauonapnoco aumgoommoxa. C uionss 2022 2. no
uronb 2022 2. nposedeno 25 ceancos OUCmManyuoHHOU
JIYYeBol mepanuu, KIUHU4eCKU 3HAYUMbIX HOOOYHBIX
aghpexmos ne nabnodanocs. o danubiM KOHMPOLb-
Ho20 obcnedosanust 6 cenmsope 2023 2. ne gvlasieno
NPUHAKO8 MeCMHO20 UIU OMOAIEHHO20 NPO2PecCU-
posanus. Cnycms 3 200a ¢ MomMenma noCmMaHo8Ku
ouaenosa u 1,5 200a nocine padukaibHo2o JedeHus
NAyUueHmKa npoooaICaAen HCUms NOTHOYEHHOU HCU3-
HbIO U NAAHUPYEm OMCPOYEHHYIO PEKOHCMPYKYUIO
VOAIEHHOU J1eB0U MOIOYHOU JICENEe3bl C dyeMeHmMayu-
OHHOU MAMMONIACMUKOL CRPAsd.

Oo6cy:xneHue

Tpwx el HeratuBHbI PMXK coctasnser 10-20 %
BCEX CITy4aeB paKka MOJIOYHOM YKeJe3bl U SBISICTCS Hau-
0oJsiee arpecCHBHBIM MOJICKYJISIPHBIM MOJTHIIOM, Xa-
PaKTePHU3YIOMUMCS CTPEMUTEITBHBIM POCTOM, YaCTHIM
MPOTPECCUPOBAHNEM U OTCYTCTBHEM MUIICHEH s
TapreTHol Tepanuu [8]. CoBpeMeHHBbIH cTaHaapT Jie-
YeHHs OOJTBHBIX TPIDKABI HeraTuBHBIM PMOK BKITIOUa-
€T HE0aIbIOBAaHTHYIO XUMHUOTEPATHIO, XUPYPTHIECKOE
BMEIIATEIbCTBO U JYUYEBYIO TEPAINNIO, U3 KOTOPBIX
CHCTEMHOE JICYCHHE SIBISCTCS OCHOBHBIM. BBUIY
BBICOKOW T€TEPOTEHHOCTH M arPECCUBHOCTH TPHIKIBI
HeratuBHOro PMJK HeoaabroBaHTHAsi XUMUOTEpaIus
MO3BOJISIET JIOOUTHCS MTOJTHOTO MATOMOP(OIOrHIecKo-
ro perpecca (pCR) npumepno y 30—40 % narnueHTox
[9]. Boabnbie, nocturmue pCR nocne HAXT, nemon-
CTPHUPYIOT YAyYIICHNE JOJITOCPOYHBIX MOKa3aTesei
BBDKHUBAEMOCTH, YTO COOTBETCTBYET CHUKCHHIO OT-
HOCHUTEJIBHOTO pUcKa peruausa oonee yem Ha 70 % 1o
CPaBHEHUIO C MAIMEHTKAaMH C YaCTUYHBIM PErpeccoM
[10]. ITogo6HO cTaHAAPTHOMY aITBIOBAHTHOMY PEXKH-
My JICUCHUS, TPAAUIIMOHHAS HEOAIbIOBAaHTHAS XH-
MHOTepanus OCHOBaHa Ha aHTPALMKIMHAX U TAKCaHax
[11]. UcTopruecku CI0XKHUIOCH TaK, YTO OJIOK XUMHUO-
Teparny, BKIFOYAONTIH aHTPAI[UKIHMHEI, OOBIYHO Ha-
3HAYAIOT JI0 BBEJICHHS TAKCAHOB, ITOCKOJIBKY JIEUEHHE
AHTPALMKIMHOBBIME aHTUOUOTUKAMHU OBLIIO BBEJICHO
B KJIMHUYECKYIO MIPAKTUKY paHbliie. B uccnempoBanmuu
M. Zaheed et al. [12] 3HauUMBIX pa3iInyuii B MoKa3a-
TeNsX 0o0mel u Oe3peIUINBHON BEDKHBAEMOCTH, a
TaK)Ke B YaCTOTE TOJHOTO MaToMOP(OIOTHIECKOTO
perpecca B 3aBUCUMOCTH OT O4EpEHOCTH BBEIECHUS
TaKCaHOB JI0 WX MTOCIIE JISYSHUS aHTPAIIMKIINHAMU HE
BBISIBIICHO. B mpencTaBieHHOM KIMHUYECKOM CTydae
MBI BBIOpaJIM HECTAHJIAPTHYIO OYEPEIHOCTH BBEJIe-
HUSI XUMHOIIPEIapaToB, 0xuiasi 00Jiee BhIPaKCHHBIH
KIMHIYEeCKUH 3(p(PeKT 0T TakcaH-coepIKaIIeH CXEMBI
Tiepe/T aHTPAIMKIIMHAMHI Ha OCHOBAaHWUH MCCIIEIOBAHHS
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NeoSAMBA, onyonukoBaraoro B 2020 r. [13]. B uc-
CJIEZIOBAaHHUH N3yYaJIOCh BIMSHUE OYE€PETHOCTH BBEIE-
HUS TAKCAHOB M aHTPAIUKJINHOB HA YaCTOTY MOJIHOTO
aTroMopQOIOTHIECKOT0 perpecca, a Takke 00IyIo 1
0e3peLUIMBHYIO BBDKUBAEMOCTD Y TAIIEHTOK C MECT-
HopactpoctpaneHHsiM PMOX (IIB-I1IB cr.). [Tonmy4en-
HBIE PEe3yIBTAThl MIPOIEMOHCTPUPOBAIIN YIyUIlICHHE
rokasaresneit oomiei n 6e3penIMBHON BEKUBACMO-
CTH TIPU MPOBEICHUU TaKCaH-COJECPIKAIIeH CXEMbI
niepBbIM dTaroMm (75,7 vs 48,2 % u 89,7 vs 64,7 %
COOTBETCTBEHHO), a TaKXKe HEOOIBIIOE yBEITMUCHUE
YacTOTHI MOJIHOTO TATOMOP(OIOrHIECKOTO OTBETa
(7 vs 3 %) nipu TpUKJIbI HETAaTUBHOM MOJIEKYJISIPHOM
noarure. [Ipoduis TOKCHYHOCTH U CTENIEHb TSHKECTH
m000YHBIX A(h(HEKTOB B UCCIIEAYEMBIX IPYTIITax OBLITH
COTIOCTaBUMBI.

PexxuMm BBeneHUS mMakiauTaKcena (eKeHeAeIbHbBIN
win 1 pa3 B 3 Hem) 3HAYMMO HE BIUSCT HA OOIIYIO
1 0e3penuInBHYI0 BBIKHBAEMOCTb, OTHAKO BBUIY
Jy4IIel IepeHOCHMOCTH €XEHEIEIbHOTO PEeKUMa U,
CJIEJIOBATEIILHO, MEHbBILICH BEPOSTHOCTH PEAYyKLIUU
JI03bI TIperapara y OCJIa0JICHHBIX MAllMeHTOB TaKOi
pexuM BBeneHus npennoururelsicH [14]. CornacHo
peKOMEHIANusIM AMEpPUKaHCKOTO OOIEeCTBa KIUHU-
yeckoit oukonoruu (ASCO), nobapneHue kapoora-
THHA B CXEMY HE0a/IbIOBAHTHOW XMMHOTEPAIIHH ITPU
TprKIbl HeratuBHOM PMOK nomxHO paccMaTpuBarbes
WHIUBUAyaTbHO [15]. MeTaaHanus, MpoBeICHHBIN
J.G.P Pandy et al. [16], moka3ai, 4T0 KOMOUHAIHSI
MakJUuTaKcena ¢ KapOoIIaTHHOM B HEOa bIOBAHT-
HOM pPEXHUME YBEINYHBAECT YaCTOTYy IOJHOTO MaTo-
MOP(OJIOTUYECKOTO perpecca y OONBHBIX TPYIKIIBI
meraruBHBIM PMXK (44,6 vs 27,8 %, p<0,0001) BHE
3aBUCHMOCTH OT HalW4Mg MyTauui B reHax BRCA.
Ony0rKOBaHHBIE JIAHHBIE TTO3BOJIIITH ITPE/IITOIOKUTh
Oosiee 3HAYMMBIN KIIMHUYECKUH APPEKT OT XUMHUOTE-
pamnuu pu 100aBIeHUN KapOoITaTHHa.

C y4eToM MacCHBHOT'O paciipOCTPaHEHUS Oy XOJIH,
arpecCUBHOCTH MOJIEKYJISIPHOTO TMOJTHIA, 8 TaKKe
HAJIMYHS TOPAKESHHBIX PETHOHAPHBIX THM(DATHICCKIX
y3II0B OBUIO pemieHo HeOoaqbIOBAHTHYIO XMMHOTE-
pamnuio MPOBOAWTH B JO30YTUIOTHEHHOM PEXHME.
[To mannpiM Meraananusa Y. Ding et al. [17], no30-
YIUIOTHEHHBIH PEXUM BBEJCHHsI XUMHUOTIPEIapaToB
B HE0AIHIOBAHTHOM PEXHME 3HAYNMO YBEITMYHNBAET
4acTOTy IOJIHOTO TTATOMOP(OIOTHYECKOTO perpecca
(1a 35 % 1o cpaBHEHHIO CO CTaHJIAPTHBIM PEKUMOM
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CNYYAN YCNELWHOIro XMPYPIMYECKOIO NEYEHUA
METAXPOHHOI'O PAKA ®ATEPOBA COCKA
U MPOTOKOBOMN KAPLUMHOMbI OAUCTAINbHbIX OTOAENOB
NOMKENYOOYHOW XENE3bI

C.l. AdbaHacbeB', [.U1. AzoBckuit', 4.C. PoHnn?, M.1O. Bonkos',
A.B. AeryctuHoBuy', H.B. Besrogosa', 0.B. Yepemucuna', P.B. EpmoneHko’,
WU.r. ®ponoea’

"HayyHo-1ccrnenoBaTenbCKuii MHCTUTYT OHKOMOrMu, TOMCKMIN HauMOHarbHbIi
nccnenoBaTenbCKU MeguUMHCKMI LeHTp Poccuiickon akagemMmm Hayk

Poccus, 634009, r. Tomck, nep. KoonepaTueHbii, 5

20IrbQY BO «Cubupckuii rocynapCTBEHHbIN MeauUMHCKMIA yHUBepcuteT» MuHaapasa Poccumn
Poccus, 634050, r. Tomck, MOCKOBCKMI TpakT, 2

AHHOTauusa

AkTyanbHoCTb. B HacTodLee BpeMs oTMevaeTcs yCcTon4mBas TEHAEHLUUSA K yBENMYEHNIO YacTOThbl CryYaes
NepBUYHO-MHOXECTBEHHbIX 3nokadecTBeHHbIX onyxonen (MM30) kak B BUAE CUHXPOHHBIX, Tak 1 METAXPOH-
HbIX HOBOOOpa3oBaHui. OfHaKO MEeTaxpoHHbIE MONMHEONNAa3Mn OPraHoB NaHKpeaTo-GunnapHon cUcTeMmsl
[OCTaTO4YHO peaKo BCTPEYAlTCs B KIMHMYECKON NPakTUKe, cryyvaun ycnelwHoro nevexHusa NM30 aton noka-
NN3aLMN HOCAT SKCKITH3UBHbIA xapakTep. OnucaHue KnnHu4veckoro cny4as. MNMauyveHTt K. Haxogunca nopg,
HabntogeHnem B abgomuHansHom otaenenn HUW onkonorum Tomckoro HAML ¢ ceHTabps 2014 1., korga emy
Oblna guarHoctTupoBaHa ageHokapumHoma ®arepoBa cocka T2NOMO, ctagus Ib n BeinonHeHa pagvkanbHas
onepauusi B 06bemMe ractponaHkpeaTo-AyoAeHansHoW pesekuymn ¢ popMmpoBaHMeM NaHKkpeaToracTpoaHacTo-
Mo3a. [ocneonepaunoHHbI nepuog npoTtekan 6e3 ocnoXxHeHun. MNpu AMHaMM4Yeckom HabnioAeHUN B TeYeHNe
6,5 neT npu3HaKoB NpoOrpeccMpoBaHns 3aboneBaHnsi He oTMe4vanock. [Npu KOHTponeHOM obcneaoBaHuy B
ycnosusix HAW oHkonorum Tomckoro HYIMLL B anpene 2021 r. BeigsBNeHo 06bemMHOe 06pa3oBaHue gucrarnbs-
HbIX OTAENOB KyNbTU MOAXENyA04YHOW Xenesbl, KOTOPOe He MMENO KIMHUYECKM 3Ha4YMMOW MaHndecTaumm.
OnarHos NM30 noaTteepxaeH NyTem TpaHcracTpanbHOM Gruoncum noa koHTponem aHaoY3W, ructonornyeckm
1 N0 AA@HHBIM UMMYHOTMCTOXMMUYECKOro NCCnefoBaHns: HeanddepeHumpoBaHHasa NPOTOKOBas kKapLMHOMa
NOMXKeNyno4Hon xenesbl. C y4eToM pacnpoCTPaHEHHOCTM M NTOKanuM3auunm MeTaxpoHHOW onyxonu Gbina
BbIMOMNHEHA KCTMPNaLUS KynbTh NOAXENyA04YHOM Xenesbl C pe3eKumnelt 3agHen CTEHKU XXernyaKa 1 CNieHak-
ToMuen. lNocneonepaunoHHbI Nepuoa npotekan 6e3 0CNoXHeHW, NPOBOAUINCE 3aMeCTUTENbHAsA Tepanus
9K30KPVIHHBIX HAPYLLEHWI 1 MHOVBKUAYyarnbHas Koppekums yrnesogHoro obmeHa. MNpu ganbHenwem Habnoge-
HMM MO MECTY XWUTeNbCTBa Yepe3 15 mec nocrne onepawmm BbISBNEHO METACTaTUYECKOe NopaXKeHNe NeYeHwu,
Ha3Ha4YeHHas nannmaTnBHasa XMMUoTepanus okasanacb HeaeKTUBHON, MAaLMEHT CKOHYarcs Yyepes 6 mec ot
nporpeccumpoBaHnsi 3abonesaHuns. [pooomKMTENbHOCTL XXMU3HM NOCe NepBOK onepavun coctasumna 99 mec,
nocrne BTopon onepauun — 21 mec. 3aknroyeHue. [peacTaBneHHbI KITMHUYECKUIA Cryvan JeMOHCTpUpyeT
penkvin BapMaHT METaxpOHHOro paka daTtepoBa cocka 1 KyrnbTy NOOXKeNnyA04YHOW Xenesbl, KOTOPble BO3HVIK-
v ¢ MHTepBanom B 6,5 meT, No NoBOAY KaXAoro U3 HOBOOOPa3oBaHU yAaNoCk BbINONHUTE paguKarnbHble
onepaumun. ObLLas NpoaOIMKUTENBHOCTD XMU3HN NaUUeHTa OT Hayana 3abonesaHus cocrtasuna 99 mec.

KnioueBble croBa: MeTaxpoHHbIe NofiMHeonnasuu, pak ®arepoBa cocka, pak AUCTaNbHbLIX OTAENOB
noaKenyao4HoM Xernesbl, XMpypruyeckoe reyeHue.

#=7 AdaHacbeB Ceprein NeHHagbeBuY, afanasievsg@oncology.tomsk.ru
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CNYYAN U3 KNTMHUYECKOW MPAKTUKN

SUCCESSFUL SURGICAL TREATMENT OF METACHRONOUS
CARCINOMA OF THE APPULLA OF VATER
AND DUCTAL CARCINOMA OF THE DISTAL PARTS
OF THE PANCREAS: A CASE REPORT

S.G. Afanasyev', D.l. Azovsky', Ya.S. Ronin? M.Yu. Volkov',
A.V. Avgustinovich', N.V. Bezgodova', 0.V. Cheremisina', R.V. Ermolenko’,
I.G. Frolova'

'Cancer Research Institute, Tomsk National Research Medical Center, Russian Academy of Sciences
5, Kooperativny St., Tomsk, 634009, Russia

2Siberian State Medical University of the Ministry of Health of Russia

2, Moskovsky trakt, Tomsk, 634050, Russia

Abstract

Background. Currently, there is a steady trend towards an increase in the incidence of both synchronous
and metachronous multiple primary malignant tumors (MPMT). However, metachronous polyneoplasia of the
pancreatobiliary tract is relatively rare, and there have been very few reports on successful treatment of this
malignancy. Case presentation. In September 2014, the patient K. was diagnosed with adenocarcinoma of
the ampulla of Vater (T2NOMO, stage Ib) and underwent gastropancreatoduodenal resection with the creation
of pancreatic-gastric anastomosis at the Abdominal Department of Cancer Research Institute of Tomsk National
Research Medical Center. There were no complications in the postoperative period. At a 6.5-year follow-
up, no evidence of disease progression was found. In April 2021, a follow-up examination conducted at the
Cancer Research Institute revealed a large lesion on the distal part of the pancreatic stump with no clinically
significant manifestations. Diagnosis of MPMT was confirmed by transgastric endoscopic ultrasound-guided
biopsy. Histological and immunohistochemical examinations revealed undifferentiated ductal carcinoma of
the pancreas. Considering the metachronous tumor localization, pancreatic stump extirpation with resection
of the posterior wall of the stomach and splenectomy was performed. No complications occurred in the
postoperative period. The patient received replacement therapy for exocrine pancreatic insufficiency and
individual correction of carbohydrate metabolism. At a 15-month follow-up, liver metastases were detected,
and palliative chemotherapy was administered. The patient died 6 months later due to disease progression.
The survival time was 99 months after the first surgery and 21 months after the second surgery. Conclusion.
We report a rare case of metachronous cancers of the ampulla of Vater and pancreatic stump developed with
an interval of 6.5 years. The patient underwent successful curative resections consecutively. The overall
survival time from the date of diagnosis was 99 months.

Key words: metachronous polyneoplasia, ampulla of Vater cancer, distal pancreatic cancer, surgical
treatment.

Beenenne

[lepBUYHO-MHOKECTBEHHBIE 37I0KaUY€CTBEHHBIE 00-
pazoBanus (IIM30) onpenenstoTcss HATUYUEM JIBYX
nunu 0osiee TUCTONIOTHYECKH Pa3IMYHBIX 3JI0Kade-
CTBEHHBIX OITyXOJI€il, B TOM YHCIIEC B OJTHOM U TOM XKe
Oprase, He CBSI3aHHBIX C PelUIMBOM, METaCTa3npOBa-
HUEM WJIH MECTHBIM pacnpocTpaneHueM. Paznuuaror
cUHXpOHHBIE U MeTaxpoHHbIe [IM30 B 3aBHCcHMOCTH
OT BPEMEHHU JHAarHOCTUKH MEPBUYHOTO U TIOCIIETYTO-
IIEeT0 3JI0KaYeCTBEHHOTO HOBooOpa3oBanus (3HO) —B
CPOKH MeHee U Ooiee 6 Mec COOTBETCTBEHHO. B Ha-
CTOSIIIIEE BPeMsi IOBCEMECTHO OTMEYACTCs yBEITNICHUE
YHclia ciry4aeB nmonmHeorasuii [ 1, 2]. B Poccuiickoit
Oenepanun B 2023 1. BiepBbIe BBIsBICHO 77 433
[IM30, uro coctaBmiio 11,5 % ot Bcex BrepBbIe BbI-
sBiaeHHbx 3HO, Torma kak B 2022 1. — 68 1651 10,9 %,
B 20191 —59 6751 9,3 % coorBeTcTBeHHO. Yame

CUBUPCKIY OHKONOTMMYECKW XXYPHAT. 2024; 23(4): 194-203

BCTPEYAIOTCSI METaXPOHHBIC TIEPBUIHO-MHOKECTBCH-
HBIC 3JI0KAYECTBCHHBIC HOBOOOPA30BaHUS; CHHXPOH-
Hele ntoauHerniasuu B 2023 1. coctaBmiu 28,7 % ot
Bcex ciyvaeB [IM30 (B 2022 . — 26,5 %, 82019 . —
25,6 %) [3, 4].

JlaHHbIe OOCTOSITENIBCTBA CBSI3aHBI KaK C COBEP-
IICHCTBOBAHUEM METOJIOB IHArHOCTHUKHU W JICUCHUS
OHKOJIOTUYECKUX OOIBHBIX, UTO 00ECIIeUunBaeT yiyd-
IIIEHUE OTIAJICHHBIX PE3YIBTATOB U YBEIIMUSHHUE TTPO-
JIOJDKUTEIBHOCTU JKU3HU PAIUKAIBHO MTPOJICUCHHBIX
MAIMECHTOB, TAK U C U3MEHEHHUEM YCIIOBUHN OKPYKalo-
uieil cpenpl, crapenueM HaceneHusa. Cpelid BO3MOX-
HBIX 3THONOTHYeCKHX (pakTopoB [IM30O BBIIEIAIOT
TEHETHYCCKUE M3MEHEHUsSI, BUPYCHYIO HMH(EKITHIO,
a TaK)Ke MEPEHECEHHBIE paHee KOMOMHUPOBAHHBIC
METO/IbI JICUCHHUSI, BKJIIOUAS JIyUEBYIO TEPAIHIO U XU-
MUOTepanuio 35, 6].
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Psi1 aBTOpOB yKa3bIBAIOT, UTO Y OOJIBHBIX C METaX-
ponubiMu [IM30 niepBoii 01y X0y Yallie BbIsBIISIINCH
HOBOOOpa30BaHUS C OTHOCUTEIHHO OJaronpHsITHBIM
MIPOTHO30M Te4yeHus 3a00JeBaHus WK ¢ OoJee paH-
HUMHM cTaausiMH. Tak, o JaHHBIM OTEYECTBEHHBIX U
3apyOeIKHBIX aBTOPOB, y PAIUKAIBHO MPOJICUEHHBIX
MMalleHTOB C «PaHHUM» PAKOM KEIyAKa J9acToTa
METaXpOHHOTO paKa pa3IU4HbIX JOKaJIU3aIHi cocTa-
Buia ot 10,9 1o 15,4 %, npu cpokax THHAMUYECKOTO
HaOmoneHus ot 1-2 1o 24-31 roma nocie onepanun
[7-9]. Cpenn BTOPBIX OITyXoJiel TpeodIamaroT Hau-
OoJsiee yacTo BCTpevaroluecs HOBOOOpa3oBaHUs,
TaKkHhe Kak paKk MOJIOUHOM JKele3bl, paK JIETKOro, paK
TOJICTOM KHIIIKH, PaK KEIyJIKa, paK MPeaCcTaTeIbHON
JKeJe3bl, OTHAKO CIIEAYET OTMETUTH, YTO B ATOM CITH-
CKe MOKeT OBITh Mpe/CTaBiIeHa 3JI0KaueCTBEHHAS
omyxoJib moboi nokanuzanuu. Jns psga [IM30
MPOCIIEKUBAETCS ONPEJEICHHAs] 3aBUCUMOCTD 10
0ojiee 4acTOMy OTHOBPEMEHHOMY WIIH TOCIEI0Ba-
TEJIHHOMY TIOPAKEHUIO PA3TUYHBIX OTHEIIOB OTHOM
(YHKIIMOHAILHOW CUCTEMBl OpraHu3Ma, HalpuMep
MEPBUYHO-MHOKECTBEHHBIE HOBOOOPA30BaHUsI BEPX-
HUX JIBIXaTeIbHBIX MyTeld U OPOHXHMAIBLHOTO JepeBa
WU CHHXPOHHBIE/METaXpOHHBIE 3JI0Ka4eCTBEHHBIC
HOBOOOpa30BaHUs 000/JOYHON KHUIIIKH, YTO CBSI3aHO C
00IIMM SMOPHOTEHE30M M CXOKEH YIBTPacTPyKTypoi
stux opranos [10, 11]. B To ke BpeMs B nuteparype
JIOCTaTOYHO MHOTO COOOIIECHUN 00 YCTEITHOM Je-
yerann 0onpHBIX ¢ [IM30 3 u Oonee joKaIM3aImii C
MOpaKEHHEM Pa3IUYHbIX, (YHKIHOHAIBHO HE CBS-
3aHHBIX MEXIY c000i opranos [12-14].

ITo manubM nuteparypsl, yactota 1IM30 npu
3JI0KaY€CTBEHHBIX HOBOOOPA30BaHUIX, TTOPAKATO-
IIMX OpraHbl OMIMOTIAHKPEaTOAyOIeHAILHON 30HBI,
B OCHOBHOM OLIEHUBAETCA JUIsl paka MOAKEITyI0UHON
xenesbl (PITDK) u BappupyeT B IIMPOKUX MIpeeiax —
or 1,7 no 14,4-20,1 %, 4To CBsA3aHO KaK ¢ MCHBIIECH
BCTPEYAEMOCThI0O HOBOOOpPA30BaHMM JTaHHOW JIOKa-
JIU3alMH, TaK U C HeONaronpusITHBIM IPOTHO30M MPH
PIIXK [15, 16]. [lepBuunbiii pak PaTrepoBa cocka
ABISIETCS 3HAUYUTENHFHO 0OJiee PEeIKON OIyXOJbIo,
coctaBisist 0,2-2 % cpeau BCexX OIMyXOJiel MuIle-
BAapUTENIBHOIO TpakTa U npumepHo 6—20 % cpeaun
nepuamnyisapueix 3HO. Exerogno B Poccuiickoit
®denepauuu BhIBISIETCA 5—0 MNEPBUYHBIX CIy4aeB
paka ®areposa cocka Ha | muH xureneit [17]. Han-
HbIx 0 yactore [IM30 npu pake ParepoBa cocka HaM
00HapyXUTh He yhaliock. B noctymHoil aurepatype
ONnMCcaHbl eAMHUYHBIE ciiydyan MeTaxpoHHoro PIDK u
37T0KaYeCTBEHHBIX OITyX0JIel OMINOTIaHKpeaToyoie-
HAJBHOW 30HBI Ipyrux Jokanuzanuid. Coodmanocs o
HeckosbKux ciydasx [IM30 nomkenynouHoi sxenespl
C TIPEIIIIECTBYOIINM OITyXOJIEBBIM ITOPAYKEHHEM Ou-
JIUAPHOTO TPAKTa, B YACTHOCTH C MIEPBUYHBIM PAKOM
JKEJIYHOTO Iy3BIpsi U OOIIEro jKeITYHOro MPOTOKa
[18-20]. IIpu 3TOM Ham BCTPETUIOCH TOJIBKO OJHO
COOOIIEHNE STIOHCKUX aBTOPOB O JICUEHUs OOIBHOM,
MEPBUYHO ONIEPUPOBAHHOM 110 TOBOY paka daTepoBa
cocka B 00beMe MaHKpeaToyoIcHATLHOM Pe3eKIInH, C

196

METaXPOHHBIM PAKOM KYJIBTH ITOJPKEITYT0UHOH JKEIIe3bI
[21]. B cBsI3U ¢ pemKOCTBIO MBI TTOJIaTaeM, ITO HaIle
HaOoeHe O0IHFHOTO ¢ AHAIOTHYHOMN KITMHUIE CKOM
CUTyalluel mpeCcTaBIIsieT OONbIION HHTEPEC.

Knunuueckuii cnyuaii

bonvnoii K., 1949 2.p., oopamuncs 6 knunuxy HUNU
onkonoeuu Tomcxkoeo HUMI] ¢ cenmsope 2014 2. ¢
Jicanobamu Ha nepuooudeckue 6oau 8 npasom noo-
pebepve u dnucacmpuu, wacmyio ouapero, oouyo
VMOMAAEMOCMb, HA MOMEHM 00pawjenus NPUIHAKO8
arcenmyxu He ovin0. U3 anamnesa. 13.08.14 no mecmy
JIcUmenbemed (nayueHm noCmossHHO nPodcUsaem 8
Pecnybnuxe Kasaxcman) 6 nopsioke «ckopoiu nomo-
Wu» NO NOBOOY MEeXAHUUECKOU HCeNMYXU GblNONIHEHA
NAIIUAMUBHAs onepayus 6 odveme HALONCeHUs
Pa32py30uHO20 XOJIeYUCMOIHMEPOaAHACMOMO3a C
MedcKuueuHvlM anacmomozom no bpayny. Ilo-
cile Kynuposauus AGNeHUL MeXaHUuuecKou JHCeumyxu
07151 OanbHelule2o0 CneyualbHo2o JeueHus nayuenm
oopamuncsa 6 HUU ouxonoeuu Tomcrxoeo HUMI].

1o dannvim 06c1e006an s KIUHUKO-TAO0PAMOpHbLe
nokazamenu Ha MOMeHm 00paujeHus ObLIU 8 npedenax
peghepencrvix 3navenuu. Ilpu cnupanvroll KoMnvio-
mepnot momozpaghuu op2anos OpIOWHOU odracmu
¢ gHympugeHHbiM KoHmpacmuposanuem (9.09.14): @
oonacmu Dameposa cocka onpedensiiocy 0obemHoe
obpasosanue, 0o 30 um 8 duamempe, NOIHOCMbIO nepe-
Kpulearoujee npoceem xoneooxa (puc. 1), supcynzos
APOMOK OUNAMUPOBAH, BHYMPUNEYEHOUHbLE JCETYHbLE
NPOMOKU He PACUUPEHbI, UMEEmCs COYCbe Mexcoy
OHOM JICeUH020 NY3bIPS U nemiaell moujeti KUWKLU.
3axniouenue: onyxono @ameposa cocka, cmeno3
MEPMUHATLHO20 OMOeNa 00We20 HCENUHO20 NPOmo-
Kd, cOCmosHue nocie Qopmuposanus pazepy304Ho2o

Omyxoinb Darepoa cocka/
Tumor of appulla of Vater

Puc. 1. KT opraHos 6ptowHow nonoctu. B npoekunn dateposa
cocka onpegensetca o6bemHoe obpasoBaHne AuameTpom
no 30 mm. ObpasoBaHne oTMeYeHo cTpenkon . MNMprmeyanue:
CHOMOK BbIMNOSTHEH aTBOpamMu
Fig. 1. CT scan of the abdominal organs. In the projection
of Vater’s nipple a tumor with a diameter of up to 30 mm is deter-
mined. Vater’s nipple tumor is marked on arrow.

Note: created by the authors

SIBERIAN JOURNAL OF ONCOLOGY. 2024; 23(4): 194-203



CNYYAW U3 KNTUHUYECKOM NPAKTUKN

xoneyucmosnmepoanacmomosa. llpu euoeocacmpo-
oyooernockonuu (10.09.14) 3nauumeix uzmeHeHutl
€O CMOPOHbBL JICETYOKA U NUULEB00A He BbISIGIEHO, 6
06eHadyamunepcmuoll Kuuike, 8 30He bonbul02o 0yo-
Odenanvrozo cocxa (BJC) evisineno onyxonesuonoe
006pazosanue HA WUPOKOM OCHOBAHUU, OOJbUANO20
cmpoensl, APKo-KpacHo2o yeema, ouamempom 0o 30
MM, 00UTLHO KpOBOmMoYaujee npu KOHMaxkme ¢ 2HO0-
CKONOM U npu Ouoncuu, Ha hore ONyxoau CmpyKnypbl
BJIC ne ougpgepenyupyemcs. 3axnouenue: onyxons
Dameposa cocka. [1o dannbim 2UCTNONOSUYECKO2O0 UC-
cnedosanus buoncutinoeo mamepuaia (NeNe 20963—69,
18.09.14): svicoxkoouphepenyuposannas adenokapyu-
Homa. [1o dannbim penmeenozpaghuu opeanos epyoHoll
knemku u Y3U oprownoll notocmu: 6e3 npu3HaKos
omoanenno2o memacmasupoganus. Ilo pesynomamam
00C1€006aHUsL YCMAHOBIEH CeOVIOUWUL KIUHUYECKULL
duaenos: Pax @ameposa cocka Ib cmaouu (cT2NOMO),
NPUHSIING PeuleHUs 0 XUpypeuieckom JedeHuu.

Tlocne cmanoapmuotl npedonepayuoHHol no02o-
mogxu 23.09. 14 gvinonnena paouxaibHas onepayusi 8
0bveme RULOPOCOXPAHAIUell NAHKPeamooy00eHalb-
HOU pe3eKyuit, BKII0UAst XONeYUCTIIKIMOMUIO « O OHAY
C Kpaesoul pesekyuell mowel KUWKU 8 30He paHee
COpMUPOBANHO20 PA32PY30UHO20 XONEYUCTHOIHMEPO-
anacmomosa, ¢ opmuposanuem xonedoxo0etoHOaHd-
CIMOMO3d U AHACIMOMO3A «HA NOMEPSIHHOM OPEHAICE)
Medncoy Kyibmeti NoOACeTyOOYHOU dcene3vl U 3a0Hell
CMEHKOU JicenyoKa, ¢ COXpaneHuem pamee copmu-
POBAHHO20 MENCHMOHKOKUUEUHO20 AHACMOMO3d NO
bpayny. Ilocreonepayuornnvlii nepuood npomexan 6es
ocobennocmeti. Buinucan 6 yoosiemeopumenvrom
cocmosinuu Ha 20-e cym nocie onepayuil.

o oannvimM eucmono2udecko2o ucciedo8ans
onepayuonnoeo mamepuana (NeNe: Ne 21634—670/14,

CUBWPCKW OHKONMOTUYECKUW KYPHAT. 2024; 23(4): 194—203

30.09.14): svicoxooughghepenyuposannas adeno-
Kkapyunoma Dameposa cocka ¢ pocmom 8 npeoe-
AX CAUZUCOU 0DONOUKU C 04a2080U UHBA3UE 80
BHYMPEHHUL MbIUEYHBLI CIOU, C UHBA3UEU 8 YCHbe
obugezo dicenunoeo npomoka (puc. 2). Bue onyxonu
cmenka Kuwiky 0oviuno2o cmpoenus. Iloonexcawas
MKAHb NOOAHCELYOOYHOT Jicee3bl 00bIYHO20 CIPOEHUS,
¢ HepasHomepHoll ampoguett donex. Jlumgamuueckue
y3abl — Oe3z ocobennocmeil. C yuemom pe3yiomamos
2UCTNONOUHECKO2O UCCLE008ANUS OKOHUAMENbHBIL OU-
aenos: Pax @ameposa cocxa Ib cmaouu (pT2NOMO).
C yuemom pacnpocmpaneHnocmu npoyeccd peKomeH-
008aHO QuHamMu1eckoe HabadeHue.

boavnoii pecynapno npoxooun KonmponvHvle
obcnedosanus no mecmy scumenvcmea u I pas 6
200 6 ycnosuax HUU onxonoeuu, npu komopwix 00
2021 2. npuznakos npoepeccupos8aniisi 3a0071e8aHusl
He ewisasnsinock. B anpene 2021 2. npu ouepednom
KoumpoavHom obcredosanuu ¢ HUU onxonocuu
Tomcrozo HUMI] evisisneno obvemnoe obpasosanue
OUCMATbHBIX 0MOeN08 KYIbMu N00ACENYO0UHOU
Jicenesvl, Komopoe He UMeno KIUHUYECKU 3HAYUMOLL
manugpecmayuu. IHpu Y3U opearnos oprownoi nono-
cmu (6.04.21) ¢ nocredyrougeti cnupaibHOU KOMNbIO-
mepHol momozpaghueti 0pearnos OpUWHOL obnacmu
¢ eHympusennviM Konmpacmuposanuem (9.04.21):
NPOEKYUU X80CMA NOOAUCEYOOUHOU JHCeLe3bl ONPeeisi-
J0Cb 00veMHoe 0bpazosanue, pazmepamu 35 %26 mm,
¢ Heuemxumu KoHmypamu, 0e3 npusHako8 uHeA3uu 6
CMENCHBIE AHAMOMUYECKUE CIPYKNYDOL.

s eepughuxayuu ouacHoza u UCKIIOUEHUs/NOO-
meepacOeHUs: peyuousa 3a001e8aHUSL BbINOIHEHO
on0o-Y3HU (14.04.21), npu komopom é npoexyuu
X80CMaA 0OCMABUEUC YACIU NOOHCELYOOUHOU HCele3bl
0OHAPYIHCEHO 2UNOIXO2EHHOE 00pa308aHiLe, pasmepa-

Puc. 2. Mukpodoto. Pak date-
poBa cocka. Beicokoguddepeh-
umpoBaHHaa afeHoKapuuHoma.
Okpacka remaToKCUITMHOM 1
3031HOM, x20.
[MpumeyaHune: mukpodoto
BbINONTHEHO aBTOpaMu
Fig. 2. Microphoto. Carcinoma
of the appulla of Vater. Well-
differentiated adenocarcinoma.
Hematoxylin and eosin staining,
x20. Note: created by the
authors
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Mu 35 %25 MM, ¢ HEPOBHBIMU HeYeMKUMU KOHMYPAMU,
HO He 8bIX00suee 3d npedebl NApeHXUMbl Opeand, noo
Konmponem 5H00 Y 3U evinonnena mpanceacmpanbHast
moHKoueoabHas ouoncus onyxoau. Ilpu eucmono-
2UUECKOM UCCe008aHUU OUONCULHO20 Mamepuaid
(NeNe 9141—47/21, 19.04.2021): neougpghpepenyupo-
BAHHASA NPOMOKOBAS KAPUUHOMA NOONHCENYOOUHOL
arcenesvl. [ ymounenus OuasHo3a 6bInOIHEHO UMMY-
Hoaucmoxumuueckoe ucciedosanue (Ne 462/21) c uc-
nonvzoganuem ummyrnocmetinepa Leica Bond Max na
cpesax ¢ napagurosoeo broka Ne 9144/21 u 9147/21:
6 ONYXONEBHIX KILEMKAX OMMEUAI0Ch sIpKoe Oupghysrnoe
okpawusanue ¢ aumumenom Cytokeratine 19 (xnom
b170, Leica), omcymcmeosano okpawusanue ¢ anmu-
menamu CD 56 (kaon 123C3, Dako), Chromogranin
A (knom 5P7, Leica), Synaptophysin (xnon 27G12,
Leica). 3axaouenue: sucmonozuyeckas Kapmuna
U UMMYHOpEeHOmun Onyxonu cooOmeemcmeayiom He-
oughghepernyuposantoll KapyuHome nooHceryOOuUHOU
aicenesnl. C yuemom noay4enHulx OaHHbIX peyuoUusHbILL
Xapaxmep 0anH020 HOBO0OPA306AHUS DBLT UCKTIOUEH,
NOOMBEPIHCOHO HATUYUE MEMAXPOHHOU NOJUHEONd-
3UU 8 NOOJHCETYOOUHOU dicerlese.

Ipu oononnumensbHoM KIUHUKO-UHCMPYMEHMAb-
HOM 00C1e008anuy NPU3HAKO8 OMOAIEHHO20 Mema-
CMAa3UpoBanuUs He BbIsIGILEH0. YCmManoe1eH ciedyiouuil
KauHuveckutl ouaenos: IIM30. Memaxpounas npo-
MOK08As KAPYUHOMA OUCTNAILHBIX OMOeL08 KYIbMi
noooicenydounot scenesvt Ib cmaouu (cT2NOMO), Pax
@ameposa cocka Ib cmaouu (pT2NOMO), nunopocox-
Ppanaowas naHKpeamooyoOeHAIbHAs pe3eKyus om
23.09.14. Pewenuem oHKOIO2UUECKO2O KOHCUTUYMA
PEKOMEHO08AHO XUupypeuyeckoe jedeHue 6 obveme
IKCTUPRAYUY KYI6IMU NOOHCETYOOUHOU Jcene3bl.

Ha npedonepayuonnom smane Koppekyuu conym-
cmeyroujel namono2ull He nompebo8aiocs, Ho € yuemom
IAAHUPYEMO20 00beMa ONepamusHo20 6Meamenscmea

¢ Heuz0exCcHol nomepei NPOOYKYUU IH002eHHO20
UHCYTUHA 8 NOCTIeONEPAYUOHHO20 Nepuode HAKAHYHE
onepayuu npogedeHa KOHCYIbMayus IHOOKPUHON02A
C Yyenvlo 6bl00pa HeobXOOUMbIX Npenapamos OJis 3d-
Mmecmumenvnoti mepanuu. Paduxarenas onepayus
nposedena 28.04.21 6 obveme naHKpeamsIKmomuu co
CnaeHdIKmomuell, ¢ NApyuaIbHol pesekyuell 3a0Hell
CMeHKU JiceyoKa 6 30He panee copmMuposannozo
NAHKPeamo2acmpoanacmomosd, auM@poouccekyuu.
Maxponpenapam: yoanennas Kynoms nooxiceiyo00uHol
Jicenesvl, 6 OUCMATBLHBIX 0MOENAX KOMOPOU UMeemcsl
ONyxob ouamempom 00 2,5 cM, MaAKpOCKONU4ecKu
NPUBHAKOE ONYXONEBOU UHBA3UU OKPYICATOWUX MKA-
Hell U Memacmamuiecko2o nopadlcetus pecuOHapHoix
JTuUMamuyeckux y3noe He evlsigneHo. Yoice ¢ 1-x cym
nocie onepayuu Ha4ama 3aMecmumenvHdas mepanus
VIMPA4eHHOU IHOOKPUHHOU (DYHKYUU NOONHCETYOOUHOU
Jrcenesvl. J{ns Koppexyuu eunepeiuxemuu 60abHoMYy
6800UNUCH AHATO2U UHCYIUHOB YET0GEKA YIbMPAKO-
POMKO2O U NPOLOHSUPOBAHHO2O OelCMEUs 8 UHMEH-
CUPUUYUPOBAHHOM  pedicume, No06op 003 NPEenapamos
NPOBOOUILCS. C YUCTHOM eHCeOHEBHO20 MOHUMOPUHEA
2NUKEMUU U CO2TIACHO NOGMOPHbIM KOHCYIbMAYUIM
9HOoKpuHonoea. Ha 2-e cym nocne onepayuu 6016101
nepegeoeH u3 Naiamvl UHMEHCUBHOU MEPanuy 6 npo-
QunvHoe omoenenue, IHMEPATLHOE NUMAHUE HAYATNO
¢ 3-X cym nocieonepayuoHHo20 nepuood 6 co4emanuu
¢ nooodepacusaroujell mepanueil NOIUDEPMeHMHbIMU
npenapamamu 60 8pems Kajicoo2o npuema nuuju.
Hanvuetiwee meyenue nocieonepayuoHHo20 nepuood
0e3 ocobennocmell.

Tucmonoeuueckoe ucciedosanue onepayuoHHO20
mamepuana (Ne 12167-98/21, 6.05.21): uneasuenas
NPOMOKOGASL KAPYUHOMA NOOIHCETYOOUHOU HCeNe3bl
High-grade c unsasueti 6 npunescawyro kiemuamky
(puc. 3), ¢ yuacmxamu nepune8palbHO20 pocmad,
ouazamu nexposa. Mccredosanuvie tumpamudeckue

Puc. 3. Mukpodoto. MeTaxpoH-
HbIN pak auctanbHbIX OTAENoB
KynbTU NOMKENYA04YHON Xenesbl.
HepnnddepeHumpoBaHHbIi Npo-
TOKOBbIN paK NOAXeNnyA4YHON xe-
nesbl. Okpacka reMaToKCUIIMHOM
1 303uHoM, *x20. NpumevaHue:
MUKPOGOTO BbINOSIHEHO aBTOpaMm
Fig. 3. Microphoto. Metachronous
cancer of the ductal distal parts
of the remnant of the pancreas.
Undifferentiated ductal carcinoma
of the pancreas. Hematoxylin and
eosin staining, x20. Note: created
by the authors
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CNYYAN U3 KNTMHUYECKOW MPAKTUKN

yaul (8 wm.) bez memacmamuuecko2o nopasicenus. B
MKAHU NOOHCETYOOUHOU JCene3bl 6He ONYXOU — 8blPd-
JHCEHHbBIL CKIEPO3, BOCNATUMETbHAS UHDUILIMPAYUSL.
Oxonuamenvhwiil ouazsnos: IIM30. Memaxponnulii pax
OUCMATILHBIX OMOEL08 KYIbIMU NOONCETYOOUHOU dice-
aesvt Ib cmaouu (cT2NOMO), Pax @ameposa cocka Ib
cmaouu (pT2NOMO), nurnopocoxpansiowas nankpea-
moodyoodenanvhas pesexyus om 23.09.14. Ilayuenm
BbINUCAH 8 YOOBTIEMBOPUMENLHOM COCMOAHUU Ha 14-¢
cym nocieonepayuornozo nepuooa. C yuemom 603pac-
ma (71 200 na momenm emopoii onepayuu), obvema
BLINOTHEHHOU ONEPayuU (MOMAIbHAS NAHKPEAMIKNO-
MUS) U PACIPOCMPAHEHHOCU MEMAXPOHHOU ONYXOIU
(pT2NOMO) pewieruem OHKOIO2ULECKO20 KOHCUTUYMA
PEKOMEHO0BAHO OUHAMUYECKOe HADOeH Ue.

Tpu oanvuetiuiem nabaroOeHUU NO MeCniy Jcumenb-
cmea uepes 15 mec nocie momanbHoU NAHKPeamsK-
MOMUU BLIABLEHO MEMACNAMUYECKOe NOPadCeHUe
newenu, 8epupuUYUPOBAHHOe KAK NPOSPecCcuposanie
NPOMOKOBOU KAPUUHOMbBL NOOICETYOOUHOU JCENE3bl.
Hasnauennas u npogooumas no mecmy sHcumenscma
NALIUAMUBHASL XUMUOTNEPANUsL OKA3ANACH HedpgheK-
MUBHOU, NAYUeHm CKOHUAICS Yepes 6 mec om npo-
epeccuposanus 3abonesanus. [IpodondicumensHocmo
JHCUBHU nocie nepeoll onepayuu cocmasuia 99 mec,
nocie emopoti onepayuu — 21 mec.

Oo6cy:xneHue

B nacTostiee Bpemst iedenre 60IbHBIX CO 37T0Kave-
CTBEHHBIMH ITOJIMHEOIIA3NIMHU SIBIISIETCS aKTyaIbHOM
po0JIeMON KIIMHUYECKOW OHKOJIOTHH, YTO, C OJHOM
CTOPOHBI, 00YCIIOBJICHO HEYKIIOHHBIM POCTOM YPOBHSI
3aboneBaemoctr [IM30, ¢ npyroi, — TpyIHOCTSIMH,
BO3HHUKAIOIIMMHU Ha MyTH pean3ayy paJuKaibHOTO
neuenus. Ceituac cnydan [IM30O He oTHocsATCS K
pPEeIKO# MaToJIOTHH, MOCKOJIBKY OHH BCTPEUYAIOTCS
6omnee yem y 10 % oHKOMOTHYECKHUX OONBHBIX, Yalle
BCETO B BHJIC METaXpOHHBIX Mporieccos [3, 4, 18, 20].
Cunrtaercs, 4TO BEPOSTHOCTH BBISIBJICHUS BTOPBIX H
MTOCJICAYIOIINX OIyXOJIeH Y TAIIMeHTOB, MTOIYYUBIIAX
paluKaibHOE JiedeHue, mpuMepHo B 1,3—5 pas Bhlile,
YeM Y JIMI, KOTOpbIe paHee He MOMajaiy B ToJe 3pe-
HuUs OHKOJIOTOB [ 15]. Onpenenennsie TPYAHOCTH BO3-
HUKAIOT ITPU HEOOXOJUMOCTH OTIEPATUBHOTO JICYSHHUS
BTOPOH OITyXOIIM B paHee ONEPHUPOBAHHOM OpraHe,
MTOCKOJIBKY TTOCJE PaJUKaIbHON PEe3eKIHnH J11000T0
o0bemMa Hen30e)KHO BO3HUKAET (PYHKIMOHATbHAS He-
JIOCTATOYHOCTb, MHOTJIA IUMUTHPYIOIIAsl BBIMTOTHEHUE
[TOBTOPHOTO XUPYPrHUYECKOTO BMEIIaTeIbcTBa. Kpome
Toro, pu pa3sutuu [ IM30 B KysIsTe pe3ennpoBaHHO-
T'O OpraHa B OTJaJIEHHbIE CPOKHU TOCIIE PaUKAIbHOM
orepanyy BO3HUKAeT 3aKOHOMEPHBIH BOIIPOC O MpH-
POJIe BTOPOIi OITyXOJH — PEIIUIUB UITH CAMOCTOSTEIb-
HOE HOBOOOPAa30BaHUE, — KOTOPHII He BCET/Ia YIaeTCst
pPEIINTh Ja)ke C MCIOJIb30BAHWEM COBPEMEHHBIX
aTroMopoITOTUIECKUX METONOB [22].

Bce BhimensnoxenHoe 0osiee 4eM akTyaJbHO
s [IM30, mopakaronux oprasbl OMIIHOIIaHKpea-
tomyonenansHoi 30HBI (BI1/[3). [lanHoe coueranwme

CUBUPCKIY OHKONOTMMYECKW XXYPHAT. 2024; 23(4): 194-203

3JI0KQ4€CTBEHHBIX HOBOOOPA30BaHUU JOCTATOYHO
peIKo BCTpedaeTcs B KIMHUYECKOW MpaKTUKE, B
JTUTEPAType OMHUCAHBI CAUHUIHBIC HAOIIONCHIS, KO-
TOpPBIC B OCHOBHOM IPEACTABICHBI MYAbTHIICHTPUY-
HBIMHU OMYXOJISIMU CaMOH IMOIKEIYIOYHOM KeNe3bl.
MakcuMallbHbIE CEPUM YCIELIHOTO JIEYEHUST JaHHOU
KaTeropuu OOJBHBIX HE MPEBHIIAoT 12 ciayyaes [22,
23]. DTO CBSA3aHO U C OTHOCUTENILHO PEIKON BCTpeUae-
Mocthio 3HO mannoii jokanu3anuu, B Poccuiickon
®enepaunu B 2023 1. epBUYHBIN PAK MOIKEITYI0UHON
JKeIe3bl, camast paclipOCTpaHeHHas! OITyX0JIb OPTaHOB
BITJI3, coctaBun 3 % OT BceX MEPBUYHBIX CIy4YacB
3JI0KaY€CTBEHHBIX HOBOOOpa3oBaHuil y My»xuuH (10-¢
panroBoe mecto) 1 2,8 % —y sxeHuuH (13-e panrosoe
Mecto) [3]. Omyxomu apyrux mokanm3aruii B bIT/(3
BCTPEUAIOTCS TOPA3/I0 PEXKE, B CBSI3U C DTUM HE BCE
OHH BKJIIOYAIOTCS B HALIMOHAIBHBIC CTATUCTUYCCKUE
oryeTbl. KpomMe TOro, MHOTHE MEPBUYHBIE OITYXOIH
BII/13, mpexe Bcero pak MOMKETYJOYHOHN JKelle3bl,
OTIIMYAIOTCS arPECCUBHBIM TEUCHUEM U HEOIaronpu-
ATHBIM TpoTHO30M. [Ipu HepesekTadbensHOM PITK
CpelHsIsl MPONOIKUTEIbHOCTh KU3HU COCTABISET
~6—7 Mec, Tocie paguKaIbHOTO XUPYPTHIECKOTO
JIeYeHUs TTOKa3aTenu o0mel S-1eTHel BhDKUBaeMO-
cTH kosieOmores B nipeaenax ot 0 go 30 %, ciexyet
OTMETUTDb, YTO OMYXOJU MOJKEITYAOYHOHN KEJIE3Bl,
MOopasKaroIIre UCTABHBIE OT/IENbI OpraHa, 00Ia1aloT
XYIIIAMH TIPOTHO30M [24]. HampoTuB, iepBUYHBIH pak
darepoBa cocKa OTIIMYAETCS JOCTATOYHO OJIArONpH-
SITHBIM ITPOTHO30M, 4TO 00YCJIOBJICHO KaK OMOJIOTHYe-
CKAMHU 0COOEHHOCTSIMHU OIYXOJIM, TaK M JOCTaTOYHO
paHHel KIMHWYECKOH MaHudecTanueld, BhI3BaHHOM
CTEHO30M TEPMHUHAJIBLHOTO OTJENIa XOJea0Xa, Jaxe
npy HeOOIBIIOM 00BEMe OIyX0H [25], 4TO HAITISITHO
JIEMOHCTPUPYET IPeJICTaBIeHHOE HaOonenure. B nro-
re, HEOOJIBIION 00bEM KIIMHUYECKUX JAHHBIX IOKA HE
MO3BOJISIET C(HOPMYITUPOBATH KITMHUIECKHE PEKOMCH-
JIAIMH TI0 JICYCHUIO OOJIBHBIX CO 3JI0KAUECTBECHHBIMU
MOJIMHEOIUIA3UAMHU, MOopakaromuMu opransl bI1J13,
pelreHue B KaKJ0M KOHKPETHOM CITydae PUXOTUTCS
MIPUHUMATH UHANBUIYAIBHO, UCXOS U3 CO3AaBIIEHCS
KIIMHUYECKON CUTYyalluu.

YHHUKaIILHOCTh MPEJICTABICHHOTO HAOIFOICHUS 00-
YCIIOBJICHA COYETaHNEM TTIEPBHYHON a/IEHOKaPITHHOMBI
®darepoBa cocka ¢ TPOTOKOBOM KapIIMHOMOM IUCTAITb-
HBIX OT/ICJIOB TMO/IKENYI0UHOM KEJe3bl, pa3BUBILIEHCS
yepe3 6,5 NneT B KyJIbTe ONMEPUPOBAHHOTO opraHa. B
JIOCTYITHOM JIUTEPaType Mbl BCTPETHIIN TOJIBKO OJHO
oI00HOE HAOITIOICHNE STTOHCKIX aBTOPOB, B KOTOPOM
MeTtaxpoHHbli PIDK (ructomorndecku — BHy TPHIIPO-
TOKOBAs MAMMLISIPHO-MYIIMHO3HAS aJICHOKAPIITHOMA)
BO3HUK Yy 72-JleTHEW >KEeHUIUHBI uepe3 3,5 roxa mo-
CJIe TIIIIOPOCOXPAHSIONIEH MaHKPeaToIyoIeHAIbHOM
PE3EKITNH, BEITIOJTHEHHOU 10 TTOBOIY paka darepoBa
COCKa, Pa3BUBILEroCs Ha (POHE MYIIMHO3HOM aJICHOMBI
[21]. Tak xe, Kak ¥ B HallIEeM KIMHHYECKOM HAOII0-
JIEHUH, JaHHbIE MOP(]OIOTHIECKOTO MCCIIeTOBAHM
mo3BoIIN TIoaTBepauTh [IM30, MocKoIbKy y 00e-
UX OmyxoJier OblT pa3nuuHblil ructoTHIl. OnHako Y.
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Gotoh etal. (2019) [22] cuuTaroT, 4TO B psizie CIydacs
OBIBaCT TPYAHO OIPEAENHTbH, SBISIECTCS JIU BTOPOE
MTOpaKeHNE MO/KETYIOYHON JKeJIe3bl METaXPOHHBIM
MYJIBTH(OKAIBHBIM TPOIIECCOM WM MPEICTABISICT
co0OH MECTHBIN peruauB. ABTOpPBI MPOBEIH MyTa-
LUUOHHBIA U UMMYHOTHUCTOXUMUYECKUM aHanu3 4
OCHOBHBIX TeHOB (KRAS, TP53, CDKN2A, SMAD4)
y 12 manueHToB, NepeHeCINX MaHKPEATIKTOMHUIO I10
[TOBOAY BTOPOW OMYXOJIM B KYJIBTE MOAKEITYIOUHOM
JKeJe3bl, paHee pe3ennposanHoi 1o nosoxy 3HO. B
utore, y 4 OONMbHBIX, BKIFOUEHHBIX B HCCJIEIOBAHNE,
MYTaIlMOHHBII TPO(UITE B 000MX HOBOOOPA30BaHUSIX
COBIIaJI, YTO MO3BOJIMIIO TOBOPHUTH O pELMINBE 3a00-
JieBaHus, y 8 OOJIBHBIX — pa3Invacs, YTO CBUICTEIIb-
cTBOBaso o0 Haanuuu [IM30.

O6cysx1ast BOSMOKHOCTH PaJNKAILHOTO JIEYCHUS
[IM30 ¢ MeTaxpOoHHBIM MOPAKEHUEM TTOJHKEITYI0UHOMN
JKeJIe3bl, CIIeyeT 00paTUTh BHUMaHKE Ha CIICTyOLHUN
ACTIeKT JJAHHOW MPOOJIeMBI — TaHKPeaToIyoIeHaTbHAS
pesexnus (I1IP) otHocuTcs k xareropun Hamboee
CIIOKHBIX PaJIMKaJIbHBIX OTEpalyii, Mocieonepanu-
OHHBIM MEPHUOJ IPU KOTOPHIX COMPSIKEH C BHICOKMM
PHCKOM TSKEJBIX TIOCTXUPYPTHUECKUX OCIIOKHEHHIA.
CoBpeMeHHbIE XUPyPTUYeCKre TEXHOJIOT U U METO/IU-
KM TIEpUOIIEPAIIMOHHOTO COTTPOBOKICHHS TTO3BOJIMIIH
CYIIIECTBEHHO CHU3UTh YPOBEHb ITOCIIEONEPAI[IOHHBIX
ocnokHeHnH 10 15-30 % u Xupyprudeckon jgeTaib-
HOoCcTH 110 1-5 % [27]. OgHako y MHOTHX OOJBHBIX,
ycneuHo nepenecmiux IIJIP, B oTaaneHHble CPOKU
nocJje omnepaunu HaOIIONAIOTCS 3HAYMMbIE (QYHK-
LUOHAJIbHBIC HApYLICHUS, CBSI3aHHBIC C OOIIMPHBIM
00BEeMOM pe3eKIy ¥ 00yCIIOBIEHHBIE Ne(pHuInToM
KaK 2HJAOKPUHHOM, TaK M SK30KPUHHOW (yHKIITHH
MOJKEITYIOYHOH JKeIe3bl, YTO YCHIMBAET KOMOPOU/I-
HOCTb. OZJHAKO MPU METAXPOHHOM MPOIIECCE B KYIJIBTE
OIIEPUPOBAHHOH ITOHKEITYI0UHOM JKeJe3bl PUXOAUTCS
IpeHedperarh PUCKOM IPOTPECCUPOBAHIST (DYHKITHO-
HaJIbHOW HEI0CTATOYHOCTH, IIOCKOJIBKY B 3TOM CITydae
paaMKagbHas orepanys MoApa3yMeBaeT TOTAIbHYIO
nankpearskromuto (TI1D) ¢ momHOU yTparToii 3K30- 1
SHIOKPUHHOHN (hYHKITHH oprana [28, 29].

Jlo HemaBHEro BpEeMEHU HKCTUPMALUSA KYJIbTH
MOJKEITYIOYHOH Kene3bl Oblla JOCTaTOYHO PEIKON
omnepanuei, ConpoBOXK/aAaIachk BEICOKHM yPOBHEM
MTOCJIEONIEPAIIMOHHBIX OCIOKHEHUI W JIETaTbHOCTH
1 B OCHOBHOM BBITIOJTHSUIACH KaK «OTIepaIys criace-
HUSD) 110 TTOBOAY TSKEJBIX OCI0KHEHUH, BO3HUKIIINX
nociue [1/IP, Takux Kak HEJOCTAaTOUYHOCTH MAaHKpea-
TOJUTECTHYECKOTO aHACTOMO3a W/WMIU appPO3UBHBIX
MaHKPEaToreHHBIX KPOBOTEUEHHUH, MO0 TI0 TIPHYMHAM,
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BO3HUKIIINM «I10 XOJIy BBIJICIICHHUS TAHKPEATOLyo 1e-
HajpHOTO KoMImiekcay [30]. CoBepIieHCTBOBaHNE XH-
PYPrUYECKUX TEXHOJIOTHH CYIIIECTBEHHO PACIIUPUIIO
o0beM mokazanuid ¥ yacrtory TIID, B GonpmMHCTBE
CJTy4aeB OIeparys BITOIHSAETCS IO TOBOY MYJIbTH-
neHTprIHBIX 3HO i o0IIipHOM OITyX0JIEBOM TIOpa-
YKEeHUH TTOJ[KEITYI0UHOM JKele3bl, B TOM YHCJIE KOT/Ia He
yaaeTcs JOOUTHCS «IUCTOro» Kpast pezekin. OiHako
TIID ocTaercs CIOKHBIM ONEPATUBHBIM BMEILIATEb-
CTBOM, B OOJIBIIMHCTBE CITy4aeB OHA BBITIOJTHSIETCS B
BBICOKOCTICINATM3UPOBAHHBIX KIIMHUKAaX, KOTOPBIE K
HACTOSIIIIEMY BPEMEHH pacIioyiaraloT ONbITOM Oojee
40—-60 momoOHBIX BMENIATENLCTB. B HacTosIIee Bpemst
B BBICOKOITOTOKOBBIX XHPYPTHYECKHUX IEHTpaxX HOJS
MOJIOOHBIX OTIepaIiii cpeny BCceX BMEMIATeNbCTB Ha
MOKETYAOYHON Kejae3e cocTasisier 6,7-16,9 %,
YpPOBEHb MOCIEONEPALMOHHBIX OCIIOKHEHUH HE TIpe-
BbImaeT 39-43,5 %, xupyprudeckux, B teuenue 30
nmHel mocne omeparwu, — 5,8—-8,7 % [28, 30]. Ilpu
atom gons TI1D, BEIMONMHAEMBIX O TOBOJY PEIUINBa
WM METaXpOHHOTO paka B KyJIbT€ IOKETYI0UHON
xKeJe3sl, koaeonercs B npeaenax 10 %. [Ipumenenne
aJIeKBaTHBIX TEPaNeBTHYECKUX TEXHOJOTHH, Ha-
MIPaBJIECHHBIX Ha MEPCOHUPUITPOBAHHOE 3aMEIIICHIE
yTpadyeHHOW (DYHKUMH IMOHKEITYI0UHON Kee3bl, 1Mo-
3BOJISIET YCIEILIHO HOPMaJIM30BaTh YIJICBOIHBIH OOMEH
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