Yupenurens:

DegnepanbHOE TOCYIAPCTBEHHOE OFOKETHOE HAYUHOE
yupexenue « ToMmckuil HalMOHAIbHBIN HCCIeA0BaTeIbCKUH
MeUIUHCKU 1eHTp Poccuiickoll akajeMun Hayk

caiiT: www.siboncoj.ru

}KypHan H31aCTCs IPU NMOANCPIKKE
HanwmonansHOTO CcOr03a «Accoruaiusi oHKoIoroB Poccum»

W3naercst ¢ mas 2002 1.
Wupekce mo karaiory
«Pocrieuatey - 46827

Ajpec perakuum:

634009, . Tomck, nep. KooneparusHeii, 5

ToMckuii HAITMOHATBHBIA HCCIIEI0OBATEILCKUA MEIHITUHCKUIM
ueHtp Poccuiickoii akanemun Hayk, penakius «CHOUPCKOro
OHKOJIOTHYECKOTO JKypHAaIa»

Tei.: (3822) 51-32-69, (3822) 28-26-78

(axc: (3822) 28-26-86

E-mail: sjo@oncology.tomsk.ru,
AfanasievSG(@oncology.tomsk.ru

Kypnai 3aperucrpuposan 20.03.2003 r.

B Munucrepcerse Poccuiickoit denepanuu 1o aenam nedaTu,
TeJIePaAUOBELIAHUS U CPEJICTB MACCOBBIX KOMMYHUKAIIUH.
Ceunerensctso Ne 77-14937.

Kypnai BxitoueH B [lepeueHb Beylux pelieH3UPyEeMbIX
Hay4HBIX U3/1aHUH, BblIycKaeMbIX B Poccuiickoit denepanuu,
B KOTOPBIX JIOJDKHBI OBITH OIyOJIIMKOBAHEI OCHOBHEIC HAyYHBIE
pe3yJbTaThl JUccepTalUii Ha COUCKAHUE YUCHOH CTeleH!
JIOKTOpa U KaHAKJaTa HayK.

Kypuan siitouen B PXX u Bl BUHUTH, mexaynapoanyto
cnpasounylo cucremy «Ulrich’s International Periodicals
Directory», Hayunyto anexrponnyro 6ubnmorexy (elibrary.

ru), aneKkTpoHHyo oubmnoreky «Cyberleninkay, onnaiin-
iargopmy «Directory of Open Access Journals» (DOAJ).
Kypnan nngexcupyercs B bJ] «Poccuiickuil uHAEKC Hay4HOTO
mutupoanus» (PUHIL), BJI «Scopus».

PepnakTopbl:
B.C. CymapokoBa, E.B. JlykuHa

BepcTka:

AuTek

MognucaHo B nevatb 26.08.2018 r.
®opmar 60x84"/,.
Bymara ogpcetHasa Ne1. lNevaTtb odceTHas.
lapHuTypa Times New Roman Cyr
Mey. n. 13,25; ycn. ney. n. 12,35; yy4.-u3a. n. 12,75.
Tupax 1000 ak3. 3akas
YyebHas npousBoacTBeHHas Tunorpadusa TIY, 634050,
r. Tomck, np. JleHuHa, 66.

Mpu nepenevaTtke cchbinka Ha
«CunBUPCKMIA OHKOMOTUYECKII XXypHan» obsizaTensHa

© ToMmcKHiT HAIIMOHAIBHBIA HCCICI0BATEIBCKUI
MEIUIMHCKUN 1eHTp Poccuiickoit akajeMuu Hayk

ISSN 1814-4861(Print)
ISSN 2312-3168(Online)

CUBUPCKUU )
OHKOJOTMYECKHN
KYPHAJI

SIBERIAN JOURNAL
OF ONCOLOGY

SIBIRSKIY
ONCOLOGICHESKIY
ZHURNAL

[BYyXMeCAYHbIN Hay4YHO-NPaKTUYECKUIA XKXypHan

Tom17,Ne4 2018

TaBHbIIi peakTop -

E.JL YoitrzoHOB, d.:m.1., akademux PAH, npogeccop (2. Tomck, Poccus)
3amecTHTe/ M IJIABHOTO PEIAKTOpA:

B.E. Tompadepr; 0w.it., npogheccop (2. Tomck, Poccus)

H.B. YepnpHuesa, 0.6.1., wien-kopp. PAH, npogheccop (2. Tomck, Poccus)
B.U. YepHoB, 0.:.1., npogeccop (2. Tomcx, Poccus)

OTB. cexkperapu:

C.I. Adanacees, d..m., npogheccop (2. Tomcx, Poccust)

W.B. Konpnakosa, 0.m.1., npogheccop (e. Tomck, Poccus)

UneHbl peIko/LIerun:

JLA. Ampadsin, akaoemux PAH, 0.:m.1., npogheccop (2. Mockea, Poccus)
JL.M. Bepuurreiit, 0.:m.1., npogeccop (e. Canxkm-ITemep6ype, Poccus)
M.W. 1aBb1110B, akademux PAH, 0.m.1., npogheccop (e. Mockea, Poccust)
JLT. Bapunse, 0.:m.1., unen-kopp PAH, npogheccop (2. Mockea, Poccus)
E.H. UMstHUTOB, 0.M.1., unen-kopp PAH,

npogpeccop (2. Cankm-Ilemepoype, Poccus)

A.J1. Kanpun, akademux PAH, 0.m.1., npogeccop (2. Mockea, Poccus)
JLA. Konowmwuer, d.u.1., npogpeccop (e. Tomck, Poccust)

M.A. KpacuibHHKOB, 0.0.1., npogeccop (. Mockea, Poccus)
A.B.JIucuna, 0.6.1., akademux PAH, npogeccop (e. Mockea, Poccust)
H.B. JIutBsikoB, 0.6.H. (2. Tomck, Poccus)

JL.H. JTIroGuenko, 0.m.1., npodeccop (e. Mocksa, Poccust)

B.M. MovuceeHko, 0.4.1., npogheccop (2. Canxm-Ilemepoype, Poccus)
C.A. Hekpbuios, o.u.1., npogeccop (e. Tomck, Poccus)

B.A. HoBukos, 0.m.1. (2. Tomck, Poccus)

W.H. Ogunnosa, 0.m.H. (2. Tomck, Poccus)

B.M. IlepenbmyTep, 0.at.1., npogheccop (2. Tomck, Poccust)

W.B.Pemeros, 0.m.1., akademux PAH, npogeccop (e. Mocksa, Poccus)
E.M. Crionnmcekast, d.m.1., npogeccop (2. Tomck, Poccus)

B.B. CrapuHckuii, 0.:.1., npogheccop (2. Mockea, Poccus)
XK.A.Crapuesa, 0.m.1., npogeccop (2. Tomck, Poccus)

B.A. Txauyk, akademux PAH, 0.6.n., npogheccop (2. Mockea, Poccus)
C.A. Ty3ukoB, d.m.1., npogpeccop (2. Tomck, Poccus)

C.A. TronstHauH, 0.m.1., npoeccop (2. Mocksa, Poccust)

B.B. Yy, 0.m.1., wien-ropp. PAH, npogpeccop (2. Tomck, Poccus)

W.T. ®ponosa, d.m.1., npogheccop (e. Tomck, Poccus)

O.B. Yepemucuna, 0.m.1. (2. Tomck, Poccus)

E.P. YUepHbIX, 0.0.1., unen-kopp. PAH, npogheccop (2. Hosocubupck, Poccus)
C. Atiep, npogeccop (2. Kouu, Hnous)

M. Juxyrausuian, MD, PhD (Hcnanus)

B. Kecuk, o.a.1., npogpeccop (Xopsamusi)

10. KxkbItkoBcka, 0.6.1., npogeccop (Fepmanus)

T. Kouno, npogeccop (Anonus)

I". Mapronun, npogheccop (Illseyus)

JI. Vurap, npogheccop (Benepus)

M. @peiinnn, PhD (Beauxkoopumanus)

T.-X. YyHr, npogheccop (2. ['onkone, Kumaii)

JUx. lla, MS MD, F.A.C.S. (CLLIA)

A. lllaxa, npogheccop (Horo Hopx, CILIA)

AXO, npogheccop (Taiisans)



Founder of the Journal
Federal State Budgetary Scientific Institution «Tomsk National
Research Medical Center of the Russian Academy of Sciences»

Web-site: www.siboncoj.ru

The Journal is published with the support of the Russian Oncology
Association

The Journal was founded in 2002
Subscription index in the Rospechat Agency Catalogue is 46827

Address of the Editorial Office:

Tomsk National Research Medical Center of the Russian Acad-
emy of Sciences,

Editorial Board of Siberian Journal of Oncology

5, Kooperativny Street., 634009, Tomsk, Russia

tel.: +7 (3822) 51-32-69, (3822) 28-26-78

fax: +7 (3822) 28-26-86

E-mail: sjo@oncology.tomsk.ru,
AfanasievSG@oncology.tomsk.ru

The journal was registered by the Federal Service for Supervi-
sion of Communications, Information Technology and Mass
Media. Registration certificate: PI Ne 77-14937.

The journal has been included in the list of Russian peer-re-
viewed scientific journals, which publish major scientific results
of dissertations for PhD degree.

The journal has been included in the Abstract Journal and
VINITI databases, Ulrich’s International Periodicals Directory,
Scientific Electronic Library (elibrary.ru), Cyberleninka elec-
tronic library, and Directory of Open Access Journals (DOAJ).
The journal is indexed in Russian Science Citation Index
(RSCI) and SCOPUS

Editors: Sumarokova V.S., Lukina E.V.
Maker-up:

AuTek

Signed for publication: 26.08.2018
Format: 60x84 "/,. Litho

Printing: 1000 copies
Printed by TSU press
66 Lenina Str., 634050, Tomsk, Russia

© Tomsk National Research Medical Center of the
Russian Academy of Sciences

ISSN 1814-4861(Print)
ISSN 2312-3168(Online)

SIBERIAN JOURNAL
OF ONCOLOGY

SIBIRSKIY
ONCOLOGICHESKIY
ZHURNAL

SCIENTIFIC PRACTICAL JOURNAL
ISSUED ONCE IN TWO MONTHS

Vol. 17, Ne 4

E.L. Choynzonov, MD, PhD, Professor, Member of the Russian
Academy of Sciences (Tomsk, Russia)

Associate Editors:

V.E. Goldberg, MD, PhD, Professor (Tomsk, Russia)

N.V. Cherdyntseva, PhD, Professor, Corresponding Member of the
Russian Academy of Sciences (Tomsk, Russia)

Executive Editors:

S.G. Afanasyev, MD, PhD, Professor (Tomsk, Russia)

1.V. Kondakova, MD, PhD, Professor (Tomsk, Russia)

Editorial Board:

L.A. Ashrafyan, MD, PhD, Professor, Member of the Russian Academy of Sciences
(Moscow, Russia)

L.M. Bershtein, MD, PhD, Professor (St. Petersburg, Russia)

M.IL. Davydov, MD, PhD, Professor, Member of the Russian
Academy of Sciences (Moscow, Russia)

D.G. Zaridze, MD, PhD, Professor, Corresponding Member of the Russian Acad-
emy of Sciences (Moscow, Russia)

E.N. Imyanitov, MD, PhD, Professor, Corresponding Member of the Russian
Academy of Sciences (St. Petersburg, Russia)

A.D. Kaprin, MD, PhD, Professor, Member of the Russian

Academy of Sciences (Moscow, Russia)

L.A. Kolomiets, MD, PhD, Professor (Tomsk, Russia)

M.A. Krasilnikov, PhD, Professor (Moscow, Russia)

A.V. Lisitsa, PhD, Professor, Member of the Russian

Academy of Sciences (Moscow, Russia)

N.V. Litvyakov, PhD, DSc (Tomsk, Russia)

L.N. Lyubchenko, MD, PhD, Professor (Moscow, Russia)

V.M. Moiseenko, MD, PhD, Professor (St. Petersburg, Russia)

S.A. Nekrylov, PhD, Professor (Tomsk, Russia)

V.A. Novikov, MD, PhD, DSc (Tomsk, Russia)

LN. Odintsova, PhD, DSc (Tomsk, Russia)

VM. Perelmuter, MD, PhD, Professor (Tomsk, Russia)

L.V. Reshetov, MD, PhD, Professor, Member of the Russian

Academy of Sciences (Moscow, Russia)

E.M. Slonimskaya, MD, PhD, Professor (Tomsk, Russia)

V.V. Starinsky, MD, PhD, Professor (Moscow, Russia)

Zh.A. Startseva, MD, PhD, Professor (Tomsk, Russia)

V.A. Tkachuk, PhD, Professor, Member of the Russian

Academy of Sciences (Moscow, Russia)

S.A. Tuzikov, MD, PhD, Professor (Tomsk, Russia)

S.A. Tyulyandin, MD, PhD, Professor (Moscow, Russia)

V.V.Udut, MD, PhD, Professor, Corresponding Member of the Russian
Academy of Sciences (Tomsk, Russia)

I.G. Frolova, MD, PhD, Professor (Tomsk, Russia)

O.V. Cheremisina, MD, PhD, Professor (Tomsk, Russia)

E.R. Chenykh, MD, PhD, Professor, Corresponding Member of the Russian Acad-
emy of Sciences (Novosibirsk, Russia)

S. lyer, Professor (India)

M. Dzhugashvili, MD, PhD (Spain)

V. Kesik, MD, PhD, Professor (Croatia)

Yu. Kzhyshkovska, Professor (Germany)

T. Kondo, Professor (Japan)

G. Margolin, Professor (Sweden)

L. Ungar, Professor (Hungary)

M. Freidin, PhD (United Kingdom)

Tak-Hong Cheung, MBBS, MD, Professor (Hong-Kong, China)

J. Shah, MS MD, F.A.C.S. (USA)

Ashok Shaha, MD, PhD, F.A.C.S. (New York, USA)

A. Yu, Professor (Taiwan)



COOEPXAHUE

Calaf G.M. KaHueporeHHOCTb ManaTtmMoHa 1 3CTPOoreHa Ha aKCnepuMeHTarnbHON MOAenn paka MOSIo4HOM

DG ST T oY IR 1 0 o 5
Hexaeea T.J1., QaHunoea A.B., Bandyeea U.A. /I3y4eHne ocobeHHOCTEN MUrpaLmmn EHOPUTHBIX
KINETOK B 3KCMEepUMeEHTanNbHON aHanuTnyeckor cucteme CELL-IQ ..., 14

Xummusik U.KO., Jlumoeka H.U., Py6buyoea C.H., FnywaHkoea H.A. PeopraHnsaums MeXKIeToO4HbIX
AAre3NOHHbIX KOHTAKTOB M MOSIBIIEHME MUTPALMOHHON akTUBHOCTU y knetok MCF-7-SNAI1 npu nHgykumm
ANUTENNANBHO-ME3EHXMMATTBHOTO MEPEXOMA  ...ceeeeeeieiiiiiieeeetettstata i aaaeaeeeeaeaaaaaaaeseesesesessssstssssaann e aeaeaeaeeas 24
LlamaruH B.A., Kapnoe WU.B., lNucapesa E.E., 'ymkuHa H.U., KosaneHko C.I1. YcnoBus 3eKTUBHOIO
nogasrneHus MNUP ¢ nomoLbto Ina-onmroHykneoTuaoB Anst NPOCTON Y BbICOKOYYBCTBUTENBHOWN

OETEKLNN COMATUHECKMX MYTALIMM  ceieeeeeeeeeeeeeeeeeeeeeeeee ettt s s e s s e e e e e e e e aeeeeeeeeeeeeeeaeaessssntnsnsnnnnananeaeaeaeeeens 30
CemuHa C.E., bapnee H.A., MummeH6epe A.I"., KpacunbHukoe M.A. CpaBHUTENLHbIN
aHanm3 9K30COM KITETOK 3CTPOreH-Pe3NCTEHTHOIO PaKa MOSTOYHOM JKEIIE3BI ....uuuuuiiieieieeeeeeaeeeereeeereeeeeenennnnnnns 36

BmopywuH C.B., Paykoeckul K.B., Kpaxmane H.B., CmenaHoe U.B., 3aebsinoga M.B. Ces3b

Mexay perynupytowwmmn 6enkamm aytogarum M-tor 1 BECLIN-1 1 napametpamy numdoreHHoro
METaCTa3MpPOBAHNS NMPU KOTNIOPEKTANTBHOM PAKE  ....eeeeiiurireeeeiiriieesaasiereeesasteeeesaassseeaessasseeeessssseeesssssenesssssssees 41
Jlro64eHko J1.H., ®ununnoea M.I"., AHypoea O.A., Haznuee I1.B., Cmunudu U.C.

HacnepncTtBeHHbIN pak xenyaka Anddy3Horo Tuna: reHeTUYeckmMe acnekTbl U NpodunakTnyeckas

TOTAIBHAS TACTPSKTOMYIS ..tveeeeeiiutitteaeauteeeeesaseeeeaesansaeeeeeaseseeeeeansseeeeeanseeeeeeamssseeeeaanssseeeesnseeeeesannsbeeaesannneeeens 48
AHucumeHko M.C., lNaynb I'A., Kozsikoe A.E., l'ymkuHa H.W., BepdroecuHa [J.A., MapaHuH A.FO.,
BymopuHa A.B., lopHocmaeea E.B., Xaghuzoe K.®., Bamkun FO.B., LLImokaso [.H., Koeanexko C.I1.
CnexTp myTaumun reHa BRCA1 y BonbHbIX pakom MOFIOYHOW XKenesbl B Morogom Bo3pacte B Poccun ... 53
AkceHeHko M.B., KomuHa A.B., lNankuHa H.B., Aeepuyk A.C., Pbi6Hukos F0.A., [bixHo FO.A.,

Pykwa T.I". TpaHCKPUNTOMHBIN aHanmn3 KNeTok MenaHoMbl, NOMYYEHHbLIX U3 Pa3fnMYHbIX Y4acTKOB

(LY o121 LT To )7 1] 12" (o ) 1 RSP PPPRPPRN 59
CnupuHa J1.B., KoHdakoea WU.B., YcbiHuH E.A., CrioHumckast E.M., Opma3oe 3.A.
BrivsiHne TpaHcKpunuuoHHbix dhaktopoB, VEGF n npoTenHas Ha NnporpeccupoBaHme paka Mnouvkm ............... 67

Caeenbesa O.E., Tawupeea J1.A., Byndakoe M.A., MyxamedxaHoe P.X., Kalizopodoea E.B.,

HeHucoe E.B., 3aebsinoga M.B., lNepensmymep B.M. Skcnpeccus CXCR4 B pasnmyHbIX NONynaumsax
LMPKYIMPYIOLLMX M OOUHOYHbBIX OMYXONEBbIX KNETOK PAKA MOSTOYHOM JKEIE3BI ..vvvveeeeirieeeeeaiiieeeeeeneeeeesasnenss 75
YepHoe B.U., [lJyoHukoea E.A., 3enb4aH P.B., Kpaeuyk T.J1., JaHunoea A.B., Medeedeega A.A.,
CuHunkun WU.I"., BpazuHa O.[]., Nlonb06epe B.E., Nlonb06ep2 A.B., ®ponoea U.I. OgHOOTOHHas
3MUCCMOHHas koMMnbtoTepHas Tomorpadus ¢ ®"TC-1-TUO-D-rntoko3ol B AMarHoCTUKe 1 CTaaupoBaHnm
3MN0Ka4YeCTBEHHbIX JIMMMOM: NEPBLIA OMNBIT UCMOSNTB30BAHMST ...vvvvrereeinieaaieieeeeeaaaaaaaeeeeereeeeeesasersranaan e aeaeans 81
Jafarov S., Link K.H. Pa3nuune paka TOnCcTon 1 NPSMORN KULLKN C TOYKM 3PEHUS 3NnOEeMUONONN,
KaHLeporeHesa, MornekynspHon 6nonornm, NeEpPBUYHON U BTOPUYHOM NPOMUNAKTUKA: SOKIMHUYECKNE

7 LoTeTp <Y aTo)=F= 1 88
JlapuoHoea U.B., CeeacmbsiHoga T.H., PakuHa A.A., YepdbiHuesa H.B., Kxbiuikoecka FO.I".

XutrHasonogoObHble 6enkn Kak NepCrnekTMBHbIE MapKepbl NPY 3110Ka4eCTBEHHbIX HOBOOOPA30BaHUAX ....... 99
(O ) gy P=T =TT o 1=y a1 g o] o = SRRSO 106

CUBWPCKMM OHKONOTUUYECKUM XXYPHAI. 2018; 17(4) 3



CONTENTS

Calaf G.M. Carcinogenicity of malathion and estrogen in an experimental rat mammary gland model .......... 5
Nekhaeva T.L., Danilova A.B., Baldueva I.A. Study of dendritic cell migration using

CELL-IQ @NalySiS SYSIEIM ..ottt e et e e e ettt e e e e anbe e e e e abbe e e e e e anbeeeeeeaanbneeeeeanes 14
Zhitnyak L.Y., Litovka N.I., Rubtsova S.N., Gloushankova N.A. Induction of epithelial-to-mesenchymal
transition in MCF-7-SNAI1 cells leads to reorganization of adherens junctions and acquisition of migratory

= o 1Y/ /USSR 24
Shamanin V.A., Karpov I.V., Pisareva E.E., Gutkina N.I., Kovalenko S.P. Requirements for efficient

PCR clamping by locked nucleic acid oligonucleotides for simple and sensitive detection of somatic
4018 e=Y i o] o - TP OO PO PP PP P TP PPPRPP P 30
Semina S.E., Barlev N.A., Mittenberg A.G., Krasilnikov M.A. Comparative analysis

of the exosomal cargo of the estrogen-resistant breast cancer cells ..........cccccoiiiiiiiiiii e 36
Vtorushin S.V., Rachkovsky K.V., Krakhmal N.V., Stepanov I.V., Zavyalova M.V. A link between

autophagy regulatory proteins M-tor and BECLIN-1 and parameters of lymphogenic metastasis

g Iete] (o] =Yo1= | Ioz= T o [or=Y ST U PPPPPPTPTIPPPINt 41
Lyubchenko L.N., Filippova M.G., Anurova O.A., Nazliev P.B., Stilidi I.S. Hereditary diffuse gastric
cancer: genetic aspects and prophylactic total gastrectomy ... 48

Anisimenko M.S., Paul G.A., Kozyakov A.E., Gutkina N.I., Berdyugina D.A., Garanin A.Yu., Butorina
A.V., Gornostaeva E.V., Khafizov K.F., Vyatkin Yu.V., Shtokalo D.N., Kovalenko S.P. The spectrum of
BRCA1 gene mutations in early onset breast cancer patients from Russia ..........ccccooiiiieeiiiiiiiceeee, 53
Aksenenko M.B., Komina A.V., Palkina N.V., Averchuk A.S., Rybnikov Yu.A., Dyhno Yu.A.,

Ruksha T.G. Transcriptomic analysis of melanoma cells extracted from different sites

OF tNE PIIMAIY TUMOT .ottt e e e bttt e e e et e e e e e e bt e e e e anbeeee e e e anbeeeeeeaan 59
Spirina L.V., Kondakova I.V., Usynin E.A., Slonimskaya E.M., Yurmazov Z.A.

Impact of transcription factors, VEGF and proteases on kidney cancer progression ..........cccccceeeeeeveecnvvnnnenn. 67
Savelieva O.E., Tashireva L.A., Buldakov M.A., Mukhamedzhanov R.H., Kaigorodova E.V.,

Denisov E.V., Zavyalova M.V., Perelmuter V.M. CXCR4 expression in different subsets of CTCs

and single (detached) breast CANCEr CEIIS ......occuuuiiiiiiiiieeee e e e eaeaeeeeean 75
Chernov V.1., Dudnikova E.A., Zelchan R.V., Kravchuk T.L., Danilova A.V., Medvedeva A.A.,

Sinilkin I.G., Bragina O.D., Goldberg V.E., Goldberg A.V., Frolova I.G. The first experience

of using *"TC-1-THIO-D-glucose for single-photon emission computed tomography imaging

(oYY 0] o] aTo] 0 =T SRR OPPPSRP 81
Jafarov S., Link K.H. Colon and rectal cancer are different tumor entities according to epidemiology,
carcinogenesis, molecular- and tumorbiology, primary and secondary prevention: preclinical evidence ....... 88
Larionova I.V., Sevastyanova T.N., Rakina A.A., Cherdyntseva N.V., Kzhyshkowska Ju.G.
Chitinase-like proteins as promising markers in cancer patients ..........c.ccoccivei e 99
From EdifOr-in-Chief ... ettt e et e e e et e e e e et ee e e e e e nbe e e e e e anneeas 106

4 SIBERIAN JOURNAL OF ONCOLOGY. 2018; 17(4)



NABOPATOPHbIE N SKCTEPUMEHTAJIIbHBIE MCCINEOOBAHUA
LABORATORY AND EXPERIMENTAL STUDIES

DOI: 10.21294/1814-4861-2018-17-4-5-13
Y[IK: 618.19-006.6-02:577.175.6]-092.9

[ns untnposanus: Calaf G. M. KaHueporeHHOCTb ManaTuoHa U 3CTPOreHa Ha aKcnepyUMEHTanbHOM MOAENM paka MOMOYHOM enesbl
y Kpbic. Cubupckuit oHkomnorndeckmii xypHan. 2018; 17 (4): 5-13. — doi: 10.21294/1814-4861-2018-17-4-5-13.

For citation: Calaf G.M. Carcinogenicity of malathion and estrogen in an experimental rat mammary gland model. Siberian Journal
of Oncology. 2018; 17 (4): 5-13. — doi: 10.21294/1814-4861-2018-17-4-5-13.

KAHUEPOINrEHHOCTb MAJTIATUOHA U 3CTPOIEHA
HA 9KCMEPUMEHTAJIbHOMN MOOENU PAKA MOJIOYHON
XEJE3bl Y KPbIC

G.M. Calaf'?

YHuBepcuteT Tapanaku, Apuka, Unnu'

Apuka, AseHto CeHapgop Jlync BaneHte Poccu, 1501. E-mail: gmc24@cumc.columbia.edu’
LleHTp pagmnonoruyeckux nccnegosanuin, MeguumHckun ueHtp Konymbuinckoro yHuBepcuTera,
r. Hoto-Vopk, CLLA?2

CLA, 10032, . Hbto-Vopk, 3anagHas 168-a ynuua, 6302

AHHOTauus

Pak Morno4How xenesbl ABNSETCA CaMOon pacnpoCTPaHEHHOW 3110KaYeCTBEHHON OMyXOMbio CPEeAM >XEHLLUMH
KaK B pa3BuTbIX, TaK 1 B pa3BUBAIOLLMXCS CTpaHax. ATMOMOrMsA paka MOMOYHON Xenesbl BCE elle ocTaeTcs
He [0 KOHUa M3y4eHHON. XMMUYeckre BelLLecTBa, Takme Kak pocdopopraHmieckoe coeiMHeHne — ManaTuoH
(kapbodroc), ucnonbayemeblin 4ns 6opbObl C BpeaAMTENAMY pacTEHNI, ABNSIOTCA 3TUONOrMYecKUuMmU dhaktopamu
ONs paka MornoyHom xenesbl. CBA3b MeXay UHMLMaUmMen paka MONOYHOM Xenesbl U AnUTenbHbIM BO34eNCTBUEM
3CcTporeHa no3BoNsEeT NPEANONoraTh, YTO 3TOT FOPMOH MOXET TakKe UrpaTb ITMOMOTMYECKYHO POrib B 9TOM MPo-
Lecce. TemM He MeHee KntoyeBble (akTopbl, Nexatlne B 0OCHOBE (DOPMUPOBAHUS paka MONOYHOW Xenesbl, eLle
NPEACTOUT yCTaHOBUTL. BnnsHme Taknx cybeTaHuuii, Kak ManaTUoH 1 9CTPOreH, aHanu3npoBanochk B aKkCnepu-
MeHTanbHON MOAENN MOSIOYHON Xenesbl y KpbiC. PasnuyHble umMTonnasMatmyeckne 6enkn nurpatoT KroyeByo
ponb B NpeBpaLleHn HOpManbHOW KMETKN B 311I0KAYECTBEHHYIO, U CPEAM HUX eCTb ceMencTBO Ras-super un
Ras-romonornyHein A (Rho-A). YpoBeHb 3Tvx 6enkoB Obin BbILE Y XMBOTHbIX, MOMyYaBLUMX MAnaTUOH, YeMm Yy
XMBOTHBIX, NMOMyYaBLUNX 3CTpOreH. E-kaarepuHbl cocTaBnsatoT 6onbLuoe ceMencTBo MeMbpaHHbIx 6enkos. Pe-
3ynbTaTbl UICCNEAOBAHNSA NOKa3anu, YTo akcnpeccus E-kagrepuHa v BMMeHTnHa bbina Bbille, YeM 3KCnpeccus
6enkos c-Ha-ras n Rho-A y KpbIC, nony4aBLUnX 3CTpOreHsl. [pyn pake MONOYHOM xenesbl UMMYHOrMCTOXUMU-
YeCKUIN aHanm3 ABNAETCS BaXXHbIM KOMMOHEHTOM PYTUHHBIX NaTONOrMYecknx UCCrefoBaHUA 1 UrpaeT cylle-
CTBEHHYIO POfb B AUArHOCTUYECKOW M MPOrHOCTUYECKON OLeHKe TsbkecTu 3aboneBaHus. Llenblo HacToswero
nccnenoBaHns 6bIno BbiSIBNEHWE NPOrHOCTUYECKMX MapKepoB A5 NaLMEHTOB C PAKOM MOMOYHON Xenesbl.

KnioueBble cnoBa: kaHLeporeHes, KpbIiCbl, MONIOYHas Xerne3a, ManaTuoH, 3CTPOreH, 3aTMonorus, 6enku.
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Abstract

Breast cancer is considered a major and common health problem in both developing and developed countries.
The etiology of breast cancer, the most frequent malignancy diagnosed in women in the western world, has
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remained unidentified. Chemicals as the organophosphorous pesticide malathion have been used to control
a wide range of sucking and chewing pests of field crops, and are involved in the etiology of breast cancers.
The association between breast cancer initiation and prolonged exposure to estrogen suggests that this
hormone may also have an etiologic role in such a process. However, the key factors behind the initiation
of breast cancer remain to be elucidated. The effect of environmental substances, such as malathion and
estrogen was analyzed in an experimental rat mammary gland model. Different cytoplasmic proteins are key
in the transformation of a normal cell to a malignant tumor cell and among these are the Ras super family
and Ras homologous A (Rho-A). Both types of proteins were greater in animals treated with malathion than
those with estrogens. E-Cadherins constitute a large family of cell surface proteins. Results showed greater
expression of E-Cadherin and vimentin than c-Ha-ras and Rho-A in rats treated by estrogens. In breast
cancer, analysis using immunohistochemical markers is an essential component of routine pathological
examinations, and plays an important role in the management of the disease by providing diagnostic and
prognostic strategies. The aim of the present study was to identify markers that can be used as a prognostic

tool for breast cancer patients.

Keywords: carcinogenesis, rat, mammary gland, malathion, estrogen, etiology, proteins.

Introduction

Breast cancer is considered a major and common
health problem in both developing and developed
countries. The etiology of breast cancer, the most fre-
quent malignancy diagnosed in women in the western
world, has remained unidentified. The initiation and
progression of breast cancer follows a complex mul-
tistep process that depends on various endogenous
(hormonal imbalances, proliferative lesions, inherited
mutations) and exogenous (diet, smoking, radiation,
chemical exposures as pesticides) factors [1, 2]. Some
of them are widely used with a huge potential for hu-
man exposure. Environmental factors are considered
to be among the major influencing components causing
increase in the incidence of breast cancer risk [3]. An
important but unclarified question is the effect that
environmental substances may play in the neoplastic
process. Epidemiological studies have demonstrated
the association between cancer in humans and agri-
culture pesticide exposure [4, 5].

Breast cancer models, where normal human breast
epithelium cells undergo stepwise transformation into
malignant cells after treatment with several agents
provide the opportunity to understand the cellular and
molecular mechanisms involved in breast carcinogen-
esis. Knowledge of factors that control cell prolifera-
tion of normal and neoplastic mammary epithelium,
and the molecular basis of such action, is essential for
a deeper understanding of the progression of human
breast cancer. In rat mammary gland models whereby
individual neoplastic transformed stages can be dis-
sected and studied provide an excellent opportunity to
address cellular and molecular mechanisms involved in
environmental-induced mammary carcinogenesis [6].

Experimental studies have shown that environmen-
tal substances (e.g., DDT, polychlorinated biphenyls,
4-nonylphenol,4-octylphenol) seem to be involved in
the etiology of breast cancers and can promote mam-
mary cancer [7, 8]. Such substances have been associ-
ated with the use of organophosphorous insecticides
in agriculture and in non-occupational situations as
exposure to contaminated clothing, soil, ground and

6

surface water, as well as drifts from aerial spraying of
pesticides [9-11] and it also has been associated with
prolonged exposure to female hormones [12].

Chemicals as the organophosphorous pesticide
malathion (M) have been used to control a wide
range of sucking and chewing pests of field crops,
and are involved in the etiology of breast cancers
[13]. The association between breast cancer initiation
and prolonged exposure to estrogen (E) suggests that
this hormone may also have an etiologic role in such
a process. However, the key factors behind the initia-
tion of breast cancer remain to be elucidated. Studies
have found an association between human cancer and
exposure to agricultural pesticides as demonstrated by
IARC [4, 5].

An adequate animal model system has been devel-
oped to study the morphological changes that occur
during mammary gland carcinogenesis. Mammary
gland development is an attractive experimental ani-
mal model for understanding the effect of carcinogens
since cell is not a random event, but is related to the
topography of the mammary parenchyma and changes
affected by age, hormonal variations and parity history.
The structure of a normal rat mammary gland is com-
posed of a single primary or main lactiferous duct that
branches into alveolar buds (ABs) and secondary ducts
that are narrow and straight and end in small club-
shaped terminals, called terminal end buds (TEBs) that
are equivalent to the terminal ductal lobular unit in the
human breast, considered the site of origin of human
breast carcinomas [14, 15]. The susceptibility of the
mammary gland to M alone and in the presence of E
was previously analyzed in an established rat mam-
mary gland model already reported [2, 12].

The Ras super family and Ras homologous A
(Rho-A) have been shown to promote both cell prolif-
eration and cell invasion [16, 17]. Genetic evolutionary
changes may occur in a preferred sequence in solid
tumors and among the steps in this sequences include
c-Ha-ras oncogene over-expression in breast cancer
[18, 19]. This oncogene plays an important role in the
progression of mammary cancer. An over expression
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of mutated c-Ha-ras oncogene has been previously
reported in 10% of breast cancer patients [18]. The Ras
gene has been reported to be involved in chemically
induced mammary carcinomas, in breast cancer cell
lines, and in primary breast cancers, in which point
mutations, loss of heterozygosity are present [20].

Accumulating data indicate that Rho-A protein-
dependent cell signaling is important for malignant
transformation [21-23]. Once activated, Rho-A triggers
a complex set of signal transduction pathways. Rho-A
is over-expressed during tumorigenesis [24]. Authors
[25] examined several breast cancers and found that
the over-expression of Rho-A is involved in human
carcinogenesis. All breast tumors analyzed contained
large amounts of Rho-A protein, whereas was hardly
found in adjacent normal tissue. Breast cancer progres-
sion from grade I to grade III, classification of World
Health Organization (WHO) was accompanied by a
significant increase in Rho-A protein levels.

E-cadherins constitute a large family of cell sur-
face proteins, including E (epithelial), N (neural), VE
(vascular endothelial), P (placental), R (retinal) and
K (kidney) cadherins [26]. Classical cadherins are
single-pass transmembrane proteins which participate
in Ca*"dependent cell adhesion that is necessary to
form solid tissues [27, 28]. E-cadherin is functionally
linked to the generation of a polarized epithelial phe-
notype [29, 30]. The extracellular region of E-cadherin
extends from the cell surface and binds to cadherins
present on adjacent cells [31] whereas its intracellular
region contains binding sites to interact with catenins
and other regulatory proteins [32].

Different cytoplasmic proteins are important in
the transformation of a normal cell to invasive tumor
cell and among them is the vimentin. It is a 57-kDa
intermediate filament protein which forms a part of the
cytoskeleton. It is one of the cytoplasmic intermediate
filament proteins, which are the major components
of the cytoskeleton normally found in embryonic or
mesenchymal stem cells [33, 34].

The aim of the present study was to evaluate Ras,
Rho-A, E-Cadherin and Vimentin protein expression
by immunohistochemistry in a transformed rat model
induced by an environmental substance as malathion
and an endogenous substance as estrogen to provide
evidences that it can be used as good a prognostic tool
for breast cancer patients.

Materials and Methods

Experimental designs: Thirty-nine-day-old virgin
female Sprague-Dawley rats were obtained from the
Catholic University of Chile (Santiago, Chile) and
housed and bred in a barrier animal facility operated
in accordance with the standards outlined in Guide
for the Care and Use of Laboratory Animals [35]. All
animals were allowed continuous access to a standard
laboratory chow diet (Champion, Santiago, Chile).
Experimental design: i) control group received saline
solution, 250 pg/100 g body weight. Treated animals
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were injected subcutaneously (s.c.) for 5 days, twice
a day with: ii) malathion (M) (Fyfanon TM, Chemi-
nova, Denmark) that received 22 mg/100 g bw, iii)
17B-estradiol (E) (Sigma-Aldrich Chemical Co., Mil-
waukee, USA), 30 ug/100 g bw and iv) combination of
both (M+E). The LD50 values of the substances were
1.000 mg/kg. However, the dose used in these experi-
ments was 1/6" of the LD50 for M, which allowed a
100% survival of animals after a 5-day treatment [2].
Animals were housed three per cage and palpated
weekly to detect formation of tumors and sacrificed
after 400 days following a 5-day treatment. Animals
to be sacrificed were anesthetized by intraperitoneal
injections of sodium pentobarbital (8§ mg/100 g bw)
and opened by a midline incision from the pubis to the
sub-maxillary area to remove the tissues.

Immunohistochemistry

Mammary glands and palpable tumors were fixed
in 10% neutral buffered, embedded in paraffin, then
serially sectioned at a thickness of 5 p and stained
with hematoxylin-eosin (HE). Rat mammary gland
tissues were excised to analyze protein expression by
immunohistochemistry. Tissues were analyzed using
a binocular microscope (Olympus CX31) with lens of
10 x in which a 1-mm? grid was installed in one of the
oculars. The localization of the antibody was visual-
ized using 3, 3’-diaminobenzidine tetrahydrochloride
(DAB) and counterstaining with Mayer’s hematoxylin
(Sigma-Aldrich Chemical Co., Milwaukee, USA).
All samples investigated were tested for anti-mouse
monoclonal or polyclonal antibodies: H-Ras (mouse,
sc-29), Rho-A (sc-418), E-Cadherin (mouse, sc-8426)
and Vimentin (sc-6260) (all from Santa Cruz Biotech-
nology, Inc., Santa Cruz, CA, USA). Immuno peroxi-
dase staining of protein expression in the slides after
treatment with pesticide and estrogen were examined
in 10 fields of microscope. Five slides were counted
per animal to determine per mm? the number of stained
proliferative ducts and lobules filled with hyaline
casts in the mammary gland from control and treated-
animals. Fifty ducts in stage of proliferation (dsp/mm?)
and fifty lobules filled with secretion were counted.
Such results were scored according to scale from 0
to 30 points. The ratings were: none (0 points), weak
(10 points), slight (15 points), moderate (20 points)
and intense (30 points) protein expression. Structures
were graded as 0 when morphology of normal structure
was present and there was not proliferative ducts and
lobules with hyaline casts in the center of the struc-
tures. Immunochemical data were expressed as the
average + standard error (SE) of the mean. Statistical
comparison between groups and controls were made
by ANOVA and Dunnet’s test with P<0.05 between
groups was considered to be significant.

Results

Analysis of stage for treatment of breast cancer
by using markers of immunohistochemistry remains
an essential component of routine pathological
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examinations, and plays an important role in the
management of the disease by providing diagnostic
and prognostic strategies. The evaluation of Ras,
Rho-A, E-Cadherin and Vimentin protein expression
by immunohistochemistry in a rat mammary gland
cancer model of transformed cells by pesticides in the
presence of hormones as estrogens gave us evidences
that they can be used as a good prognostic tool for
breast cancer patients.

We have previously reported a synergism in the type
of structures by the effect of M and E in the structures
present in rat mammary gland development by using
morphological measurements [ 13]. In the present study
such effect was confirmed by immunohistochemistry
by determining Ras, Rho-A, E-Cadherin and Vimentin
protein expression. Results indicated that M induced
significantly (p > 0.05) higher number of ducts in
stage of proliferation per mm? in mammary glands
and had significantly greater (P<0.05) c-Ha-ras (Figure
1A), Rho-A (Figure 1B), E-Cadherin (Figure 1C) and
Vimentin (Figure 1D) protein expression at 400 days
after a 5-day treatment in comparison to control, E and
M+E treated rats, as seen in graphs. Figure 1E shows
relative protein expression determined by peroxidase

staining and correspond to M+E-treated animals
on similar proteins where there was significantly
(P<0.05) greater c-Ha-ras and Rho-A than Cadherin
and Vimentin expression.

Representative images of cross section of mammary
gland immunostained with c-Ha-ras (Figure 2 B a-e),
Rho-A (Figure 2 C a-e), E-Cadherin (Figure 2D a-¢)
and Vimentin (Figure 2E a-e) protein expression
are seen. It can be observed that the control rats had
normal mammary gland duct formation. A normal
duct is shown in Figure 2 A a). Cross section of ducts
in stage of proliferation can be seen in M-treated
animals. Figure 2A b-d) represents ducts in stage of
proliferation of M-treated rat stained with HE. Figure
2A e) corresponds to a cross section of a tumor formed
in animal treated with M.

The relative c-Ha-ras, Rho-A, E-Cadherin and
Vimentin protein expression in lobules can be seen in
Figure 3A-D. Graphs correspond to the quantification
of mammary glands of rats treated with E on relative
average number of lobules with casts in stage of
proliferation/mm? in immune-stained cells. It was
studied the effect of control, malathion (M), estrogen
(E) and combination of both on relative protein
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Figure 2. Representative
images of cross section of
rat mammary gland tissues

and tumors stained with

hematoxin and eosin)
(2A a-e) and immune-
peroxidase stained. Effect
of M on: c-Ha-Ras

(2B a-e), Rho-A (2C a-e),

E-Cadherin (2D a-e) and

Vimentin (2E a-e) protein

expression

Figure 3. Effect of control,
malathion (M), estrogen (E)
and combination of both on
relative protein expression
determined by peroxidase
immune-staining in cross
sections of rat mammary
gland tissues and tumors
derived from such animals:
Graphs correspond to
the to the quantification
of mammary glands of
rats treated on relative
average number of lobules
with casts in stage of
proliferation/mm? immune-
stained with i) A) c-Ha-ras,
B) Rho-A, C) E-Cadherin
and D) Vimentin protein
expression in control,
M, E and combination of
both-treated- group. ii)
E) Graph corresponds
to Malathion+Estrogen-
treated animals on similar
proteins where Cadherin
and Vimentin expression
was greater (P<0.05) than
c-Ha-ras and Rho-A
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expression determined by peroxidase immune-staining
in cross sections of rat mammary gland tissues and
tumors derived from such animals. Results showed
that E significantly (P<0.05) increased the number
of lobules filled with casts parallel to greater of A)
c-Ha-ras, B) Rho-A, C) E-Cadherin and D) Vimentin
protein expression than control, M, E and combination
of both-treated- group at 400 days after a 5-day
treatment in comparison to controls, M and M+E
combined. In Figure 4A a can be seen that the control

rat mammary tissue presented a single main lactiferous
duct that branches into smaller ducts from which TEBs
and ABs are formed. Figure 4A b) shows a normal
mammary gland lobule. Cross section of lobules of
mammary glands of E-treated rat stained with HE can
be seen in Figure 4A c-d. Figure 4A e corresponds to
a cross section of a tumor formed in animal treated
with E. Figure 1E shows relative protein expression
determined by peroxidase staining and correspond
to M+E-treated animals on similar proteins where

Estrogen-treated rats

A)HE

B) c-Ha-Ras

C) Rho-A

Figure 4. Representative

images of cross section

D) E-Cad

of rat mammary gland
tissues and tumors stained
with hematoxin and eosin)
(4a-e) and immune-
peroxidase stained. Effect

E) Vimentin

of E on: c-Ha-Ras (4B

a-e), Rho-A (4C a-e),
E-Cadherin (4D a-e) and
Vimentin (4E a-e) protein

expression

A)HE

B) c-Ha-Ras

C) Rho-A

Figure 5. Representative
images of cross section

D) E-Cad

of rat mammary gland
tissues and tumors stained
with hematoxin and eosin)
(4a-e) and immune-

peroxidase stained. Effect

E) Vimentin

of M and E on: c-Ha-Ras
(5B a-e), Rho-A (5C a-e),
E-Cadherin (5D a-e) and
Vimentin (5E a-e) protein

expression
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E-Cadherin and Vimentin was significantly (P<0.05)
greater than c-Ha-ras and Rho-A expression.

Cross section of mammary glands of M+E-treated
rat and stained with HE can be seen in Figure 5A a-d).
Figure 5A e) corresponds to a tumor formed in animal
treated with M+E. Results indicated that mammary
glands of such animals showed numerous lobules
with secretion or casts in stage of proliferation as well
as ducts in stage of proliferation parallel to c-Ha-ras
(Figure 5B), Rho-A (Figure 5C), E-cadherin (Figure
5D) and Vimentin (Figure 5E) protein expression at
400 days after a 5-day treatment in comparison to
controls, E and M. The relative c-Ha-ras, Rho-A,
E-Cadherin and Vimentin protein expression in
ducts in stage of proliferation and lobules can be
seen in graphs of Figures 5A-D. Figure 5E shows
relative protein expression determined by peroxidase
staining and correspond to M+E-treated animals on
similar proteins where E-Cadherin and Vimentin
was significantly (P<0.05) greater than c-Ha-ras and
Rho-A expression. Cross section of ducts in stage
of proliferation and lobules filled with secretion
can be seen in M+E-treated animals. Figure SA a-d)
stained with HE. Figure 5A e) corresponds to a tumor
formed in animal treated with M+E. Representative
images of cross section of mammary gland of these
animals immunostained with c-Ha-ras (Figure 5B
a-e), Rho-A (Figure 5C a-e), E-Cadherin (Figure 5D
a-e) and Vimentin (Figure 5E a-e) protein expression
are seen.

Discussion

The evaluation of Ras, Rho-A, E-Cadherin and
Vimentin protein expression by immunohistochemistry
in this transformed model induced by pesticides as
malathion and an endogenous substances as estrogen
provided evidence that it can be used as good a
prognostic tool for breast cancer patients. The ducts
markedly increased in size and number of cells per
mm?. Furthermore, such structures increased until
tumors started to appear with similar type of cells
and after 400 days of pesticide of 5 day treatment
those structures were referred to as proliferative
ducts. M alone induced changes exclusively at the
level of ducts that increased in size and number of
cells per mm?, these were defined as ductal in stage
of proliferation (dsp/mm?) and the interesting finding
was that as time progressed those structures were
transformed in mammary gland tumors that revealed a
similarity to ductal carcinomas as described by WHO
[15] in comparison to controls. Sections of the ducts
were filled with increased number of cells with dark
nucleus.

E induced significant progressive alterations in
lobules in comparison to control in the rat mammary
gland after 400 days of the 5-day treatment. Congested
tubules were filled with pink eosinophylic deposits.
Furthermore, such structures increased in number per
mm? and also in size until tumors started to appear.
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E-treated rats showed that the density of the number
of terminal end buds per mm? decreased as time
progressed and lobules became markedly abnormal,
while large and dilated congested structures increased
in size and number per mm?. Results indicated that
E alone increased the average number of lobules per
mm? of rat mammary glands in comparison to control
and M treatment alone at 400 days after a 5-day
treatment. Such structures were referred to as secretory
lobules since they were congested tubules filled with
pink deposits until lobular carcinomas started to
appear and revealed that the tumors originated were
pathologically similar to lobular carcinomas according
to WHO [15]. Mammary gland of E-treated animal
had altered lobules full of hyaline casts; the control
rats had normal lobule formation. The increase in the
number of secretory lobules was higher in the E-treated
animals after 400 days of the 5-day injections than in
the other treated group. Lobules increased in size with
the time and mammary gland tumors were induced by
the effect of E alone.

Environmental endocrine disrupting chemicals,
including pesticides and industrial chemicals, are also
considered among the environmental agents that are
released into the environment producing deleterious
effects on wildlife and humans. Lacassagne in 1932
[36] was the first to demonstrate that the administration
of estrogens to experimental animals increased the
incidence of mammary cancer, indicating at the
same time that sex hormones were involved in the
development of neoplasias and their progression in
hormone-target organs such as the prostate and the
breast. This knowledge was soon applied to cancer
treatment [13].

Combination of M+E induced greater cellular
changes in the rat mammary glands than E or M alone
in comparison to control animals after 400 days of the
5-day treatment. Increased amount of proliferative
ducts and secretory lobules were induced by these
two substances showing rat mammary gland tumor
formation. Mammary gland tumor formed by the
effect of these substances was characterized by the
presence of both types of structures as ducts in stage
of proliferation and secretory lobules [13].

Our studies showed that M induced greater c-Ha-ras
protein expression in ducts in proliferative stage at 400
days after a 5-day treatment in comparison to control,
E and M+E treated rats. High c-Ha-Ras expression in
intraductal proliferative lesions is very relevant since
these epithelial lesions have a risk of progression to
invasive breast cancer and related issues, particularly
atypical ductal hyperplasia [37]. However, the use of
c-Ha-Ras expression as a diagnostic and prognostic
marker should be selective and should preferably be
used in conjunction with other markers. According to
published data, the major value of c-Ha-Ras expression
is in its clinical correlation with an improved prognosis
of relapse [38-40]. Since Ras is often mutated in human
cancers, much effort has been devoted to devising
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means of controlling the activity of Ras [41]. Breast
tumors have been shown to have an elevated expression
of the Harvey Ras oncogene when compared to their
respective normal tissue sections [42]. The Harvey Ras
oncogene has also been shown to have a significant
correlation with the clinicopathological characteristics
of breast cancer [43]. Immunohistochemical analyses
of Ras oncogene expression in human breast lesions
have been carried out [44], as well as of the p21 Ras
oncogene [45-47], with a high expression in breast
cancer patients indicating clinical significance.

Our studies showed that E induced greater c-Ha-ras,
Rho-A, Vimentin and E-Cadherin protein expression
in lobules full of casts and secretion at 400 days
after a 5-day treatment in comparison to control, E
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U3YYEHUE OCOBEHHOCTEWU MUIPALIUN OEHOPUTHbIX
KNETOK B 9KCMEPUMEHTAJIbHON AHATNTUTUYECKOW
CUCTEME CELL-IQ

T.J1. HexaeBa, A.b. laHunoBa, U.A. banayeBa

®IrbY «HMWL, oHkonorum um. H.H. MeTtpoea» MuHagpasa Poccuu, . CaHkT-INeTepbypr, Poccus
Poccus, 197758, r. CankT-INeTepOypr, noc. MecoyHbln, yn. JleHnHrpaackas, 68.
E-mail: nehaevat151274@mail.ru

AHHOTauus

HenpputHble kneTkn (OK) — aT0 cneunanmanpoBaHHas rpynna aHTUreH-Nnpe3eHTUPYHLLMX KIETOK C BbICOKON
bYHKLMOHaNLHOW NNacTUYHOCTBIO, KOTOPbIE MPOSBSIOT UMMYHOCTUMYTVPYOLLMIA UM UMMYHOCYNPECCUBHbIV
noTeHumarn B 3aBMCMMOCTM OT NOCMNeoBaTeNnbHOCTN U KOMOMHALMN CTUMYIIOB MUKPOOKPYXXEHUS, onpeae-
nawowmnx nx guddepeHunpoBKy, cospeBaHme, akTneauuio. PaspaboTtka npoTtuBoonyxoneBbix [OK-BakumH
ocHoBaHa Ha cnocobHoctn K cneumndunyeckn akTMBMPOBAHHBIX in Vitro MUrpMpoBaTthb Ans npe3eHTauun
aHTureHoB T-numdpouuTtam in vivo. B paboTe npoBeaeHo n3yyeHne arnemMeHTOB OMyXoneBOro MUKPOOKPYXKe-
HUs1, CNOCOBHBIX OKa3blBaTb BMMsHWE Ha murpauuto K. N3yueHne noasmkHocTn [K B aKCnepuMeHTanbHOM
aHanutnyeckon cucteme Cell-IQ nokasano Hanvume obpaTHOWM KOPPENALUN BbICOKON CUMbl MEXAY Cpen-
Heln CKOPOCTbIO NpoxoxaeHus Tpaektopumn K 1 cogepxaHnem nMMyHocynpeccuBHbIxX haktopos (MCP) B
cynepHaTaHTax KynsTMBUPYEMbIX KIeTOK MenaHombl koxu (TGFB,, IL-10, IL-18, VEGF-A, EGF, FGF, HGF,
sFASL (p<0,01)). Bbina BbisiBnieHa obpaTHasi 3aBUCUMOCTb BbICOKOM CUIbl yria ABvxeHnsa nonynauum OK ot
3KCNPECCUN PaKOBO-TECTUKYNAPHbIX aHTUreHoB (PTA) n apyrnx onyxorneaccounmpoBaHHbix aHTureHoB (OAA)
Ha onyxonesbix knetkax: Melan A, TuposuHasel, cemencte MAGE, BAGE, NY-ESO-1 (p<0,05). CkopocTb
aBwkeHuns [IK B cucteme Ko-KynbsTMBMpOBaHUS ¢ kneTkamu menaHoMbl Ne894 coctasuna 30,10+2,23 Mkm/4 1
oTnuyarnack ot TakoBor B npucytcteum 1 Hr/mn IL-10 (10,45+0,52 mkm/4), 10 Hr/mn TGFB, (14,32£0,42 MKM/4),
50 Hr/mn VEGF (18,7+1,89 mkm/4) (p<0,05). MoxHo npegnonaratb, YTo coaepxxanune atux ICP B nepudpe-
pryeckon KpoBu BOMbHBIX ABNSETCA OOHVMM M3 (hakTOpOB, ONPeAensoWmMX KMMHNYECKYI0 3hdEeKTUBHOCTD
npotmBoonyxoneso AK-ummyHoTepanuu.

KnioueBble cnoBa: AeHAPUTHbIE KITeTKU, MUrpauus, UMMyHOCYNpeccuBHble (pakTopbl,
pPaKoBO-TECTUKYNAPHbIe aHTUreHsl, Cell-1Q.

STUDY OF DENDRITIC CELL MIGRATION USING CELL-IQ
ANALYSIS SYSTEM

T.L. Nekhaeva, A.B. Danilova, |.A. Baldueva

Department of Oncoimmunology, National Medical Research Centre of Oncology named after N.N. Petrov,
Ministry of Health of Russia, St.-Petersburg, Russia
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Abstract

Dendritic cells (DCs) belong to specialized pool of antigen-presenting cells with high functional plasticity and
manifest with immunostimulatory or immunosuppressive potential depending on sequence and combina-
tion of microenvironment stimuli, which determine their differentiation, maturation and activation. The use
of antitumor DCs vaccines is based on the ability of DCs specifically activated in vitro migrate for antigen
presentation to T-lymphocytes. We studied the components of the tumor microenvironment that are capable
of inhibiting DCs migration. The study of the mobility of DCs in Cell-IQ experimental analytical system showed
the presence of an inverse correlation of high strength between the average trajectory speed and the level
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of immunosuppressive factors (ISFs) in supernatants of cultured skin melanoma cells (TGF@,, IL-10, IL-18,
VEGF-A, EGF, FGF, HGF, sFASL (p<0.01). An inverse relation of high force was found between the movement
angle of the DCs population and the expression of cancer testis antigens (CTAs) and other tumor-associated
antigens (TAAs) on tumor cells (Melan A, tyrosinase, families of MAGE, BAGE, NY-ESO-1 (p<0.01)). The
speed of DCs movement in culture system with melanoma cells #894 was 30.10+2.23 um/h and differed
from that in the presence of IL-10 1 ng/ml (10.45£0.52 um/h), TGFB, 10 ng/ml (14.3210.42 um/h), VEGF 50
ng/ml (18.7+1.89 um/h) (p<0.05). One can assume that content of this ISFs in the blood is one of the factors

determining clinical efficacy of DCs immune therapy.

Keywords: dendritic cells, migration, immunosuppressive factors, cancer testis antigens, Cell-lQ.

Introduction

Tumor cells are capable of synthetizing and pro-
ducing a range of factors with inhibitory effect on the
activity of immune cells, among which the effect on
dendritic cells (DCs) system is particularly important.
Cellular organisation of tumor microenvironment rep-
resents sophisticated living system with a complex of
different stimuli, which influence all aspects of DCs
biology and thus manage their functionality and vital-
ity [1-3]. DCs belong to specialized pool of antigen-
presenting cells with high functional plasticity and
manifest with immunostimulatory or immunosuppres-
sive potential depending on sequence and combination
of microenvironment stimuli, which determine their
differentiation, maturation, activation and polarisation.
Immature or maturating DCs are found in different
nonlymphoid tissues and organs but after activation
they migrate towards lymphoid tissues to interact with
T-lymphocytes and induce immune response [4]. A low
level expression of the MHC antigens and costimula-
tory molecules is typical for the immature DCs. They
are not capable to efficiently activate T-lymphocytes
still they have ability for high degree endocytosis [5-7].
Activation of DCs under the influence of different
stimuli of maturation is associated with the develop-
ment of increased expression of a variety of intracellu-
lar and surface molecules providing migration of DCs
to secondary lymphoid tissues and interaction with
T-lymphocytes. However, activation and maturation
of DCs are dependent on microenvironment and could
be blocked by specific factors or their combinations
leading to the formation of subpopulations of DCs with
tolerogenic and immunosuppressive activity [8].

Experimental studies by K.M. Hargadon et al.
(2016) on the model of murine melanoma have
shown the influence of factors produced by malignant
melanocytes on the maturation and subsequent activa-
tion of differentiated DCs from spleen and lungs [1].
A number of researchers have established facts of
disturbed biophysical properties of DCs in particular
ability to change shape of the cell under the influence
of immunosuppressive molecules expressed by a
tumor, such as interleukin 10 (IL-10), transforming
growth factor (TGFp,), vascular endothelial growth
factor (VEGF) [9-11].

The use of antitumor dendritic cell vaccines is very
relevant as it is based on the ability of the DCs, specifi-
cally activated in vitro, to migrate to T-lymphocytes for
antigen presentation, therefore, the study of the tumor
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microenvironment components forming systemic and
local immunosuppression in the patient’s body is able
to modify properties of the DCs, thus reducing clinical
efficacy of immunotherapy.

Materials and methods

The study was done with immature DCs (iDCs) ob-
tained from monocytes of peripheral blood samples of
patients with skin melanoma and with skin melanoma
cells obtained from surgical material of patients treated
in NMRC of oncology named after N.N. Petrov from
2001 to 2017 years. Skin melanoma cells were main-
tained as cell lines after 20 or more passages, part of
which was deposited in the Collection of cell cultures
of the Institute of cytology of Russian Academy of
Sciences, Saint-Petersburg, Russia.

Difterentiation of DCs from the adhesion mono-
cyte fraction from peripheral blood mononuclear
cells of a patient with skin melanoma was carried out
according to a standard procedure developed in the
NMRC of oncology named after N.N. Petrov [12],
in adhesive culture flasks (Sarstedt, Germany) under
conditions of CO, incubator «Heracel» (Termo Elec-
tron LTD GmbH, Germany) at 37°C, 5 % CO, and
98 % humidity with culture medium «Cell-Gro DC»,
granulocyte-macrophage growth factor GM-CSF (72
ng/ml), interleukin 4 1L-4 (15 ng/ml) (CellGenix,
Germany), which were introduced on the 1st, 3rd and
5th day of cultivation (iDCs). On the 7th day, DCs
were removed with 0.25% trypsin solution and BD
Falcon Cell Scrapers (BD Biosciences, USA) and
analysed on a flow cytometer and DCs with CD14
CD1a*CD83CDI11¢"CD86*HLA-DR*CD80*CD209*
immunophenotype on 92% of the DCs were used for
the experiment.

Skin melanoma cell lines. After mechanical
disaggregation of tumor samples, the isolated cells
were plated in plastic flasks (Sarstedt, Germany) and
placed into CO,-incubator «Heracel» (Termo Electron
LTDGmbH, Germany), continuously cultured and re-
seeded by the method of Frechney [13], DMEM/F12
culture medium was used (Biolot, Russia) containing
20% bovine embryo serum (Biolot, Russia), insulin,
transferrin, selenium, penicillin and streptomycin
(Invitrogen, USA). When the monolayer was reached
at different passages, the cells were removed using a
Trypsin-Versene solution (Biolot, Russia) and used for
the experiments. Cell lines were cultivated continu-
ously for 20 or more passages.
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Cultivation in the Cell-1Q system. The cultures of
the iDCs and skin melanoma cells were seeded into
two well silicone inserts (Ibidi GmbH, Germany) at
concentration 3 x 10° cell/ml in 70 mcl of culture
medium containing 72 ng/ml GM-CSF, 15 ng/ml
IL-4 and tumor necrosis factor TNFa (20 ng/ml) (BD
Biosciences, USA). After the cells were attached to
the substrate, the inserts were removed and the plates
were placed in analytical cell analyser system Cell-IQ
(Chip-Man Technologies Ltd, Finland) and observed
by the phase contrast method for 22-47 hours. The
distance between the cell populations was 500 pm.
To quantify the migration of the DCs we created a
special protocol based on the library of different types
of cellular images, which was used for qualitative and
quantitative analysis of images of moving cells in

real time. For the cellular modelling allogeneic cells
having a similar immunophenotype by HLA class I:
HLA A2 were used.

Quantitative assessment of the production of im-
munosuppressive factors (ISFs). Quantitative content
of ISFs (IL-6, 8, 10, 18, TGFp,, VEGF, follistatin,
angiopoietin, placental growth factor PLGF, epider-
mal growth factor (EGF), stem cell growth factor
(SFC), heparin-binding EGF-like growth factor (HB-
EGF), insulin like growth factor binding protein 1
(IGFBP1), urokinase plasminogen activator inhibitor
PAI-1, urokinase plasminogen activator uPA, fibrob-
last growth factor (FGF), hepatocyte growth factor
(HGF), leptin, osteoponin, prolactin, CD95 receptor
ligand sFASL) were determined in supernatants of
cultured skin melanoma cells by an sandwich enzyme

Figure. 1. Analysis of trajectory
images of immature DCs move-
ments in the presence of skin
melanoma cells line #894.

A — start of DCs movement fixa-
tion and B — end of DCs move-
ment fixation under standard
conditions of cultivation;

C - start of DCs movement fixa-
tion and D - end of DCs move-
ment fixation in the presence of
TGFB1 (10 ng/ml);

E - start of DCs movement fixa-
tion and F - end of DCs move-
ment fixation in the presence of
IL-10 (1 ng/ml); G - start of DCs
movement fixation and H - end
of DCs movement fixation in the
presence of VEGF (50 ng/ml).
Observation time 47 hours
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Table 1

Parameters of movement trajectories of immature DCs co-cultivated with skin melanoma cells obtained
from different patients

Cellular system:

co-culture
of immature Observation Number ot VLS
. . view fields number of
DCs and skin time (h)
(n) tested cells
melanoma cells
line #
226 24 10 13
283 22 8 10
311 24 9 15
643 24 10 15
685 34 10 12
686 34 8 20
694 26 8 15
894 22 10 12

immunoassay and multiplex analysis on the instrument
Bio-Plex 200 System (BIO-RAD, USA). The kits from
«BenderMedSystems» (Germany) and «BIO-RAD»
(USA) were used.

Quantification of expression of tumor-associated
antigens (TAAs). Cultured skin melanoma cells were
analysed for the presence of differentiating TAAs
(MelanA, tyrosinase, MITF, S100, gp100) and cancer
testis antigens (CTAs) (NY-ESO-1, families MAGE,
BAGE, GAGE) by the flow cytometry using FAC-
SCanto II cytometer system (BD, USA) with BD
Bioscience and Santa Cruz biotechnology reagents
(USA).

Statistical data treatment. IBM SPSS 19.0 and Mi-
crosoft Excel 2010 software packages and the methods
of descriptive and nonparametric statistics were used
for the analysis [14]. Quantitative data are presented
as mean with standard deviation (M£SD).

Results

To study the features of the motility of maturing
DCs under the influence of products synthesized
by melanoma cells, an in vitro system was created
which allowed us to co-culture iDCs with human skin
melanoma cell lines (n=8) and to evaluate speed, tra-
jectory and direction of the DCs movement. At least
10 DCs were fixed in each view field and observed
afterwards. The pattern of the movement of the DCs
was determined by the distance passed by them during
the observation period, the trajectory length, the speed
of'the trajectory pass in the selected period of time, and
the angle of movement of the cell population, which
determines the general direction of movement of the
DCs (Table 1).

We observed great variability in all parameters: the
average speed of trajectory pass was minimal when
co-cultured with culture #311 (16.1£1.05 pm/h) and
maximal in the presence of culture #226 (88.3+1.79
um/h). Angle of movement of the DCs population
that was co-cultured with melanoma cells #226 was
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Average speed  Angle of cell

DTS e oy of trajectory population
passed (jm) length (um) pass (um/h)  movement (°)
213.546.67  2094.2+15.43 88.3+1.79 51.6+3.45
102.5+4.32 398.4+12.33 17.4+1.98 340.2+9.41

94.9+9.49 374.9+£19.20 16.1£1.05 343.6+3.35
132.9+£5.43 1121.2+74.73 41.4£1.69 130.6+10.72
155.0£8.92  1481.0+24.78 48.6+4.70 144.0+5.23
241.0£14.34  2556.0+£56.11  75.26+1.65 135.742.25
168.0+18.0 1345.2439.59 52.4+1.63 333.6+8.54
291.8+31.07 1423.3+105.21  30.1+£2.23 324.5+18.30

the smallest and amounted to 51.64+3.45, while in the
presence of melanoma cells #311 this parameter was
defined as 343.6+3.35. In order to identify the fac-
tors that have the greatest impact on DCs migration
we analysed the dependence of the average speed of
DCs from the ISFs found in supernatants of cell lines
under study. High strength inverse correlation was
revealed between this parameter of the DCs motility
and with the amount of ISFs in the supernatants of
skin melanoma lines, namely for TGFp , IL-10, IL18,
VEGF-A, EGF, FGF, HGF, sFASL (p<0.01) (Table 2).
Under the influence of the ISFs, not only the speed of
the DCs movement changed, but also the character
of the movement, which became more chaotic and
multidirectional. To test the hypothesis of a possible
dependence of the direction of DCs movement from
the level of expression of differentiating TAAs and
CTAs by tumor cells, a correlation analysis was car-
ried out, which revealed inverse correlation of high
strength of angle of movement of the DCs popula-
tion from the expression of antigens, such as Melan
A, tyrosinase, families MAGE, BAGE, NY-ESO-1
(p<0.05) (Table 3).

To reveal more fully the nature of the effect of
individual ISFs synthesized by the tumor on the mo-
tility of the DCs, additional defined concentrations of
the IL-10 (1 ng/ml), TGFB1 (10 ng/ml), VEGF-A (50
ng/ml) were added. Table 4 represents the results of
the analysis of the movements of the DCs in differ-
ent conditions in the system of co-cultivation with a
culture of skin melanoma #894. The greatest impact
was possessed by IL-10, in the presence of which the
average speed of DCs movement decreased almost
threefold (from 30.10+2.23 to 10.45+0.52 pm/h). Also
in the presence of the ISFs, the distance between the
beginning and the end of the movement observation
and also the length of the trajectory passed decreased
significantly, but no effect on the angle of movement
of the cell population was detected, since statistically
significant difference for this parameter was not found
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Table 2

Dependence of the average speed of DCs movement on the production of immunosuppressive factors
by cultured skin melanoma cells

Cellline TGFB,  IL-10 VEGF-A  IL6 IL8 lift‘;lt'in IL18  PLGF A“ft‘i‘:lp‘)' EGF  SCF
# (ng/ml) (pg/ml) (ng/ml) (pg/ml) (ng/ml) ] (pg/ml)  (pg/ml) (i) (pg/ml)  (pg/ml)
226 0.73 1.53 0.79 0 0.37 0.24 0.12 116.90 0 0.43 5.02
283 23.15 48.15 5.59 8.04 0.94 2.09 25.49 632.41 538.89 419.56 2.65
311 19.84 40.70 10.05  17233.50 0.92 3.85 14.15 242 .98 683.42 358.38 64.70
643 5.42 16.06 3.60 29.56 20.28 36.39 0.87 263.21 541.99 9.7 18.40
686 3.89 1.51 0.84 32.48 0.84 17.38 0.27 5266.42 12367.14 22.26 24.19
694 3.00 10.08 4.55 109.02 11.70 0.49 1.35 278.78 499991 191.00 22.32
685 2.43 36.67 12.70 89.86 11.01 5.17 1.29 46.53 16097.05 2.11 9.63
894 4.57 12.25 1.50 4.45 23.07 0.11 3.64 310.30 5943.86 134.00 11.87
Spear-
man -0.857 -0.857 -0.833 -0.262 -0.381 -0.143  -0.881 -0.095 -0.429 -0.714 -0.095
correla-
tion, r
P 0.01 0.007 0.037 0.531 0.352 0.736 0.004 0.823 0.289 0.047 0.823
Cell line Endoglin HB-EGF IGFPB-1  PAI-1 uPA FGF HGF Leptin  Osteoponin Prolactin  sFASL
# (pg/ml)  (pg/ml)  (pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml)  (ng/ml)  (pg/ml) (pg/ml)
226 0 0 0 39.16 0 40 52.05 34.17 0.47 15.75 0
283 3.00 0 18.30 4228.8 0.13 84.52 118.85 16.64 18.99 2491 221.5
311 8.50 0 5.80 66.11 0 138.62 1353.74  296.95 17.22 393.69 368.93
643 10.70 262.56 0 1606.96 0 112.62  506.36 55.00 0.38 4.33 0
686 198.42 135.61 62.82 7096.80 54.42 60.75 38.44 104.97 1.82 59.36 3.5
694 17.27 214.45 4.34 4469.30 0 42.47 38.19 24.70 14.24 13.00 4.34
685 15.68 79.20 16.39 5187.17 5.41 26.8 13.48 30.66 3.95 26.28 3.54
894 50.29 20.62 4627.00 5206.00 9433.00 91.52 73.35 21.65 1.13 0 63.29
Spear-
man 0167 0317 -0287 0119 -0.038  -0.738  -0.690  0.119  -0.500  -0.095  -0.790
correla-
tion, r
p 0.693 0.444 0.49 0.779 0.929 0.037 0.05 0.779 0.207 0.823 0.02
Table 3
Dependence of the DCs direction of movement from TAAs expression by cultured skin melanoma cells
(% cells)

Cell line # melanA Tyros S100 Gpl100 MITF MAGE BAGE GAGE  NY-ESO-1
226 49.6 97.6 68.7 99.6 21.7 89.7 94.8 994 79.1
283 2.5 8.7 1.2 12.6 0 0.6 0.4 1.4 6.3
311 0 28.0 5.2 87.6 49.5 18.1 4.4 92.2 11.1
643 76.8 66.6 1.0 94.1 66.5 60.5 74.5 95.8 61.7
685 40.4 75.6 0 61.6 40.2 30.3 52.5 8.8 47.9
686 11.9 60.9 3.1 77.2 73.1 18.2 24.5 48.6 67.8
694 23.0 0 59.3 90.6 5.9 0 6.8 13.8 0
894 0.7 0 5.8 99.9 0 0 0 7.6 0

Spearman ¢ -0.707 -0.024 -0.405 -0.383 -0.755 -0.810 -0.571 -0.755

correlation, r
p 0.015 0.050 0.955 0.320 0.349 0.031 0.015 0.139 0.031

under the influence of the studied ISFs (Table 4,
Figures 1, 2). Nevertheless, the method of centring
the trajectories of the DCs allowed us to determine
more precisely the direction of movement of the DC
populations and to reveal certain regularities: DCs in
control samples migrated predominantly towards the
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skin melanoma cell population, while in the presence
of TGFB1 and VEGF-A, trajectories of the DCs were
shortened, but the general direction was preserved
(Figures 2, 3). Under the influence of IL-10, the dis-
tance passed by the DCs was minimal and the relative
distribution of cells along the length of the trajectory
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Table 4

Parameters of trajectories of movement of immature DCs, co-cultivated with skin melanoma cells line
#894, evaluated in different conditions

Cellular Observation Number of Al Distance Trajectory Average el i ofcell
system time (h) view fields (n) RSl passed (pum) length (um) iR B
Y (min-max) pass (um/h)  movement (°)
Control
without 47 8 12-15 291.75+£31.07 1423.25+105.21  30.10+2.23 324.50+18.30
exposure
TGFB
! 47 8 15-18 136.0+£7.32 676.0+£20.46 14.32+0.42 234.0+£3.85
(10 ng/ml)
p, vs Control 0.042 0.009 0.009 0.051
IL-10 47 8 11-15 44.45+1.84 224.25+10.76 10.454+0.52 254.25+11.01
(1 ng/ml)
p, vs Control 0.004 0.001 0.002 0.066
VEGF
47 6 10-17 176.5+£32.54 881.4+88.90 18.7£1.89 289.1+£35.55
(50 ng/ml)
p, vs Control 0.068 0.005 0.006 0.067
Centered trajectories Centered trajectories
9061 3361
4531 1681
5 E
4531 1681
-906 1 -3361 |
-906 -453 0 453 906 -336 -168 0 168 336
X movement [um] X movement [um]
A B
Centered trajectories Centered trajectories
1621 5911
811
£ £
§ § Figure 2. Centring the
- - trajectories of movement of
immature DCs in the pres-
811 ence of skin melanoma
cells line #894. A — under
standard conditions,
B — in the presence of
1621, ’ } i ’ TGFB1 (10 ng/ml),
-162 -81 0 81 162 591 C _ in the presence
X movement [um] X movement [um] Of |L_1 0 (1 ng/ml)’
C D D —in the presence of
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VEGF (50 ng/ml)
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showed a decrease in the movement activity of the
DCs and an increase in chaotic state of the motion
(Figures 3, 4). The estimation of the motion pattern
of the DCs in a two-dimensional coordinate system,
taking into account the number of cells that overcome
this distance at a certain point in time, made it pos-
sible to establish that all the studied ISFs had a similar
inhibitory effect on the motility of DCs, the effect of
IL-10 was maximal (Figure 4).

Discussion

DCs, as highly specialised antigen-presenting cells,
are effective inducers of T-lymphocyte mediated re-
sponses and traditionally are considered as a decisive
component in the implementation of an antitumor im-
mune response [15]. DCs are found in various tumors,
such as breast cancer, colorectal cancer, ovarian, lung,
stomach, bladder cancer, etc. It is not surprising that
in numerous publications of recent decades there are
conflicting evidences of the association of tumor DCs
infiltration with a positive or negative prognosis of the
disease course and stage.

DCs in tumors are often characterized by a phe-
notype with a weak expression of co-stimulatory
molecules, ineffective cross-presentation of antigens,
as well as by the expression of regulatory molecules
and receptors that often promote the development of
immunosuppression [16, 17]. In animal models, it was

shown that the type, phenotype and amount of DCs
present in the tumor are dynamic during the tumor
growth and are associated with the stage of the dis-
ease. J. Krempski et al. (2011) on the model of ovary
cancer ID8 in mice demonstrated that the increase
in tumor size resulted in a significant increase in the
number of DCs in the tumor. Here, almost all DCs
had immunosuppressive potential, and the number
of T-lymphocytes infiltrating the tumor significantly
decreased [18].

Tumor cells and other components of the tumor
microenvironment synthesize and release factors that
are capable of inhibiting or altering the maturation and
activity of DCs. Besides, for a successful presentation
of antigens, a high migration speed and a low degree
of adhesion are necessary, and the change in these
parameters must have a certain directionality during
the DCs maturation process [19, 20].

A.J. Michielsen et al. (2011) showed that the condi-
tioned medium of tissue explants of human colorectal
cancer had a high content of VEGF and chemokines
CCL2, CXCL1, CXCLS5. Pre-incubation of DCs in
this medium in vitro led to blockade of their matura-
tion [21]. Moreover, as it turned out, in addition to
the biochemical effects the ISFs produced by tumor
cells influence the biophysical properties of the DCs
preventing their effective migration. Most protocols
of antitumor DCs immunotherapy are based on the
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Figure 3. Graphical mapping of directions of
movement of immature DCs and quantita-
tive evaluation of the preferred direction of
movement in the co-cultivation system with
skin melanoma cells line #894. A — under

4 2 0 2 4 6 3
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X axdis [cell count]

standard conditions,
B—in the presence of TGFB1 (10 ng/ml),
C —in the presence of IL-10 (1 ng/ml),

D —in the presence of VEGF (50 ng/ml)
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Figure 4. Graphical representation of 2D percentage distribution of immature DCs in movement in the co-cultivation system with skin
melanoma cells line #894. A — under standard conditions, B — in the presence of TGFB1 (10 ng/ml), C —in the presence
of IL-10 (1 ng/ml), D — in the presence of VEGF (50 ng/ml). Red line m — 15 % of DCs, orange line m — 30 % of DCs,

yellow line

activation of DCs in vitro by loading with antigens
contained in autologous and / or allogeneic tumor cells
lysates. The activation of DCs is associated including
the enhancement of expression of intracellular and
surface molecules that provide DCs movability and
ability to migrate. However, these processes are de-
pendent on the microenvironment and can be blocked
or modified by specific ISFs synthesised into the
surrounding microenvironment, which may be the
cause of the low efficacy of DCs-vaccine therapy in
individual patients.

In this study, an in vitro model was created which
allowed estimation of the influence of the ISFs pro-
duced by human skin melanoma cells on the efficacy of
migration and activation of maturating DCs. It turned
out that the most prominent inhibitory effect on the
movability of maturing DCs had IL-10, and there was
an inverse relationship between the production of IL-
10 by skin melanoma cells and the speed of movement
of'the DCs (p<0.05) (Tables 2, 4). X. Xu et al. (2017)
demonstrated the influence of IL-10 on biophysical
characteristics of DCs, such as deformability, osmotic
resistance and electrophoretic mobility [11]. It was

CUBUPCKIY OHKONOTMYECKW XXYPHAT. 2018; 17(4): 14-23

—50 % of DCs, green line m — 100 % of DCs

found that IL-10 critically affected these parameters,
contributing to their reduction. The electrophoretic
mobility of DCs was associated with the presence
of negative charges on their surface membrane. It
has be established that the number of these charges
continuously increases during the differentiation proc-
ess (maturation and activation) of the DCs, which is
directly linked with their movability [22]. Decrease
of these charges on the surface of the cell membrane
leads to an increase in the adhesion forces of the DCs
to the components of the tumor microenvironment, and
limits the motility of the DCs. The ability to change
the shape of a cell is important in the migration proc-
ess when passing a wall of blood or lymphatic vessel
through the connections between the cells and the
complex extracellular matrix. Studies of Z. Zeng et al.
(2006) demonstrated that DCs showed a high capacity
for deformation at different stages of differentiation,
starting from a monocytic population [23]. Defects of
properties to change the shape of cells that arise under
the influence of IL-10 can contribute to the weaken-
ing of their migration, which can be considered as
one of the elements of the phenomenon of «immune
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escape» (evasion from the immune control) of tumor
cells [9].

In our study, it was found that TGFB1 and VEGF
had a similar effect on DCs migration, blocking their
movability. Differences between control samples and
samples with increased number of these ISFs were
statistically significant (p<0.05) in two parameters:
trajectory length and average speed of trajectory
pass (Table 4). Study done by Z.Q. Hu et al. (2016),
identified that VEGF affected the biophysical
properties of such structures of the DCs as the outer
cytoplasmic membrane and the cytoskeleton, which
led to immobilization of the DCs and disrupted their
ability to antigen presentation [24]. It was suggested
that the electrical potential of the cell membrane was
changed by VEGF, thus influencing the effectiveness
of immunological synapses formed by the DCs.

L.K. Spary et al. (2014) on the in vitro model of
tumor and stromal cells of prostate cancer showed
that DCs cultured in the presence of TGFf, and se-
creted by stromal cellular elements lost expression of
CD209, retained expression of CD14 and were unable
to present antigens for T-lymphocytes [24]. These
experiments demonstrated the role of the immunosup-
pressive microenvironment in the blockade of normal
DCs maturation.

We obtained data on the inverse dependence of the
movability of the DCs on the presence in the micro-
environment of a number of growth factors, such as
EGF, FGF, HGF (Table 2). In the literature, there are
data on the effect of these factors on the mobility of
eukaryotic cells [25, 26]. It is known that HGF changes
the direction of DCs differentiation, contributing to the
formation of a tolerogenic immunophenotype, but the
mechanism of action of this factor on the DCs has not
been studied sufficiently yet [27]. In addition, it was
shown that under the influence of HGF, the adhesion
of DCs to laminin was increased [28]. In our study, an
inverse relationship was found between the production
of FasL by skin melanoma cells and the speed of DCs
movement in the studied system.

Among the numerous publications devoted to the
analysis of elements of the tumor microenvironment
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PEOPIAHU3ALUNA MEXKITETOYHbIX AOFE3NOHHbIX
KOHTAKTOB U NOABNEHUE MUTPALMOHHOWU AKTUBHOCTH
Y KNETOK MCF-7-SNAI1 NPU UHOYKUUU
AMUTENTIMANIbHO-ME3EHXUMAJIBHOI'O NEPEXOAOA

W.10. XKutHsk, H.WU. IlutoBka, C.H. Py6uoBa, H.A. MywaHkoBa

OrbY «HMWL, oHkonorvm nm. H.H. brnoxuHa» MuHsgpasa Poccuu, r. Mocksa, Poccus
Poccus, 115478, r. Mockea, Kawwupckoe wocce, 24. E-mail: natglu@hotmail.com

AHHOTauus

C nomoLubio DIC-Mukpockonum 1 KoHgOoKanbHON MUKPOCKOMUK Bbinn MpoaHanM3npoBaHbl U3MEHEHNst Mop-
honornm, MUrpaLMoHHBIX XapaKTePUCTUK Y MEXKINETOYHbIX aAre3noHHbIX KOHTaKTOB B KyNbType KNeToK paka
mono4How xenesbl MCF-7-SNAI1 npn akTrBaummn akcnpeccumn TpaHckpunumoHHoro daktopa AMIM — SNAIT.
Kak nokasan BectepH-6not aHanus, akcnpeccus SNAI1 goctvrana MakcrmarbHbIX 3Ha4YeHnn Yepes 24 yaca
rocne nepeHoca KneTok B cpefy 6e3 TeTpauvknuHa u nogaepxveanachk Ha 3TOM YPOBHE B TEYEHNE CeMU
OHen. B kneTkax B Te4eHne cemu AHeNn coxpaHanachk akecnpeccus E-kagxepuHa, npu 3TOM TaHreHumarnbHble
MEXKIETOYHbIE aAre3nOHHbIE KOHTaKTbI, XapakTepHble Ans KNEeTOK CO CTabunbHOM MEXKNETOYHON aaresmnen,
3ameLlanvcb paguanbHbIMY KOHTakTaMu. B pagmanbHbIX KOHTakTax B TedyeHue 24—72 4yacoB OTMbIBKM OT
TeTpauuknvHa npoforxkanack akkymynaumsa E-kagxepuHa. B pesdynbrate aktuBaumm SNAIT kneTku BCTy-
nanu B SMI n npnobpeTann MUrpaumMoHHy akTMBHOCTb. Ha AByMepHOM cybcTpaTe KNeTku MUrpmpoBanm
KaK MHAMBMAYyanbHO, Tak 1 KonnekTueHo. C yBenMyeHneM NpogormKUTENbHOCTM OTMbIBKM OT TeTpauuKnuHa
NOBbILLIANCHA NPOLIEHT KNETOK, MUrPUpPOBaBLLUMX Yepe3 Nopbl B MUrPALMOHHbBIX KaMepax, CMOCOBHOCTL KIETOK
WHBa3npoBaTh aNUTENMarnbHbI MOHOCION, HAaNPOTUB, CHbKanack. [ony4yeHHbIe AaHHbIE CBUAETENBCTBYIOT O
TOM, 4YTO COXpaHeHWe rmMbpuaHOro ANUTENNANbHO-ME3eHXMManbLHOro heHoTMNa 1 akkymynsaums E-kagxepviHa B
MEXKMNETOYHbIX aAre3nOHHbIX KOHTaKTax Ha paHHUX atanax OMI1 He NpensTCTBYHOT pa3pyLUeHnto cTabunbHoOM
MEXKINETOYHON afre3nv n NpuobpeTeHnto KNneTkaMmm MUrpaLoOHHON akTUBHOCTW.

KnioueBble crioBa: anuTenuanbHO-Me3eHXUMarbHbIN nepexos, onyxonesbie KrneTku, Snail,
E-kagXxepuvH, MUrpaumsi.

INDUCTION OF EPITHELIAL-TO-MESENCHYMAL TRANSITION
IN MCF-7-SNAI1 CELLS LEADS TO REORGANIZATION
OF ADHERENS JUNCTIONS AND ACQUISITION
OF MIGRATORY ACTIVITY

L.Y. Zhitnyak, N.I. Litovka, S.N. Rubtsova, N.A. Gloushankova

FSBI «N.N. Blokhin National Medical Research Center of Oncology» of the Ministry of Health of the
Russian Federation, Moscow, Russia.
24, Kashirskoye Shosse, 115478-Moscow, Russia. E-mail: natglu@hotmail.com

Abstract
Using DIC and confocal microscopy, changes in morphology, migratory characteristics and adherence junctions

(AJs) were analyzed in the mammary carcinoma cell line MCF-7-SNAI1 after activation of the EMT transcription
factor SNAI1. Western Blot analysis showed that after removal of tetracycline from the cell culture medium
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expression of SNAI1 reached its peak in 24 hours and then plateaued for 7 days. During the 7 days the cells
continued to express E-cadherin; however, tangential AJs typical for cells with stable cell-cell adhesion, changed
into radial AJs. The radial AJs continued to accumulate E-cadherin during 24-72 hours after tetracycline
removal. As a result of SNAI1 activation, the cells underwent epithelial-mesenchymal transition (EMT) and
became migratory. On a two-dimensional substrate, cells exhibited both individual and collective migration.
As the tetracycline washout period progressed, the fraction of the cells capable of migrating through migration
chamber membranes increased; on the contrary, cells’ ability to invade an epithelial monolayer decreased.
These results demonstrate that retaining a hybrid epithelial/mesenchymal phenotype and accumulation of
E-cadherin in Ads during early stages of EMT do not impede disruption of stable cell-cell adhesion and cells’

acquisition of migratory activity.

Keywords: epithelial-mesenchymal transition, tumor cells, SNAI1, E-cadherin, migration.

Introduction

Snaill (human SNAI1) is a 29 kDa transcription
factor belonging to the Snail superfamily. Snaill
comprises a SNAG domain and four Zn fingers
[1]. Snaill works as a transcription repressor for
E-cadherin, occludin and claudins [2-4]. Snaill also
represses transcription of a Rafkinase inhibitor protein
(RKIP) which suppresses metastasis by inhibiting Raf-
MEK-ERK and NF-kB signaling cascades [5]. Snaill
induces expression of vimentin and fibronectin [6].
Snaill positively regulates Snail12, MMP-1,2,3,9,13,
Twist, Ets1, VEGF, and WAVE3. Snaill together with
Twist induce Zeb1 expression [6, 7].

It is considered that repression of E-cadherin
expression induced by Snaill weakens cell-cell
adhesion during epithelial-mesenchymal transition
(EMT) [2, 3], a process that promotes invasion and
metastasis. During EMT, epithelial cells lose epithelial
markers (E-cadherin, occludin, cytokeratins etc.) and
begin to express mesenchymal markers (vimentin,
fibronectin etc.). They also lose basal-apical polarity
and acquire migratory capabilities [8]. Snaill is
expressed in many types of cancer. Snaill is activated
by multiple signaling pathways; in tumor cells, Snaill
can also be activated by the signals from the tumor
microenvironment [9].

The goal of the present study was using DIC
and confocal microscopy, to study changes in cell
phenotype resulting from expression of the exogenous
EMT transcription factor SNAI1 in the mammary
tumor cell line MCF-7-SNAIL.

Materials and Methods

Cell lines, constructs and transfections MCF-7-
SNAII cell line was established by Yatskouet al.
[10]. Human breast cancer MCF-7 cells conditionally
express SNAII in a tet-off expression system.

For some experiments, MCF-7-SNAI1 cells were
transfected with EGFP (Evrogen) and human breast
non-tumorigenic epithelial cells MCF-10A were
transfected with mKate2 (Evrogen). All transfections
were performed with LTX Plus (Thermo Fisher
Scientific) according to the manufacturer’s protocol.

Western blot analysis

Western blot analysis was performed as described
in Rubtsova et al. [11].

CUBUPCKIY OHKONOTMMYECKW XXYPHAT. 2018; 17(4): 24-29

Antibodies, fluorescent staining

and microscopy

The following primary antibodies were used:
monoclonal anti-E-cadherin (BD Transduction Labs)
monoclonal anti-f-actin (AbD Serotec Bio-Rad), and
anti-Snail (Cell Signaling). Mounted samples were
examined with a Nikon Eclipse Ti-E microscope
equipped with a Plan Fluor 40x objective and an
ORCA-ER camera (Hamamatsu Photonics) controlled
via Nis-Elements AR 2.30 software (Nikon). For
live-cell imaging, cells were seeded into 35-mm glass
bottom culture dishes (MatTeck Corporation) and
observed with the same microscope.

Migration chamber and transepithelial

migration assays

For the migration assay, migration chambers
containing membrane inserts with 8-pm pores (Becton
Dickinson) were used. MCF-7-SNAI1 cells were
seeded into the upper wells of chambers. After 20 h
of incubation at 37°C, cells from the upper surface
of membranes were removed with a cotton swab;
the cells that have migrated onto the lower surface
of membranes were fixed with 100% methanol
and stained with DAPI. Mounted membranes were
examined at 20x magnification. Cells on the lower
side of membranes were counted in 15 randomly
selected fields.

Non-tumorigenic MCF-10A epithelial cells
expressing mKate2 were seeded to form a confluent
monolayer 24 h after seeding. At this time point,
MCEF-7-SNAII cells expressing EGFP were seeded
at a low density onto the MCF-10A monolayer. The
number of MCF-7-SNAII cells that had invaded the
monolayer and spread on the glass substrate 20 h later
was counted in 30 fields.

Results

MCEF-7 cells stably expressing a tetracycline-
regulated SNAI1 (MCF-7-SNAII) were subjected
to Western Blot analysis to determine the kinetics
of expression of EMT transcription factor SNAI1 as
well as the AJ protein E-cadherin after removal of
tetracycline (Tet) which triggers SNAI1 expression.
SNAII was first detected at 4 h after Tet removal.
SNAII expression peaked at 24 h after Tet removal
and then plateaued for 7 days. Despite the strong
expression of exogenous SNAIIL, expression of
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E-cadherin decreased only very insignificantly
(Figure 1A-C). Our data on kinetics of SNAII
expression in these cells are in accordance with the RT-
PCR data of Vettertaletal et al. [12]. Immunofluorescent
staining for SNAII confirmed the Western Blot results:
24 h after Tet removal and beyond that time, a strong
SNAII signal was detected in the nuclei of the MCF7-
SNAII cells (Figure 1D).

Double immunofluorescence microscopy allowed
us to observe changes in actin cytoskeleton organization
and E-cadherin accumulation in AJs at different time
points after Tet removal and hence, induction of SNAII
in the MCF7-SNALII cells. In control MCF-7-SNAII
cells, cultured in the presence of Tet, continuous
adhesion belts, formed by E-cadherin, were observed.
These belts co-localized with underlying actin bundles
(Figure 2) and resembled the tangential AJs of the
immortalized mammary epithelial cells, such as MCF-
10A (not shown).

At 24-48 h after Tet removal, the cells spread
slightly. The adhesion belts became loose and
discontinuous, with occasional radial elements.
E-cadherin accumulation in these AJs was comparable
to that in the control AJs. At 72 h after Tet removal,
E-cadherin-based AJs acquired radial shape and
became connected to straight actin bundles. At 96 h
after Tet removal, E-cadherin accumulation at cell-
cell borders significantly decreased to the point of
occasionally observing cells in whose AJs E-cadherin
was not detected at all.

DIC live cell imaging allowed us to compare the
behavior of the MCF-7-SNALI1 cells in sparse culture
in the presence of Tet vs. at 24 h after Tet removal when
the SNAII expression was at its highest (Figure 3).
In the presence of Tet, control MCF-7-SNAI1 in
islands were connected by stable AJs which persisted
during the 6 h of observation (Figure 3A). During the
24 h of Tet washout, the cells had undergone EMT

and acquired a migratory phenotype. Stable cell-cell
adhesion was disrupted. The cells migrated over the
substrate individually or as small groups (Figure 3B).
At later times (48-72 h of Tet washout), the migration
became predominantly individual.

Further studies of migratory activity were conducted
in migration chambers, where MCF-7-SNAI1 cells
migrated through 8-um pores to the bottom side of
the chamber membrane during a 20-h period (Figure
4A). It was found that longer Tet washout times (up
to 72 h) led to a significant increase in the number of
migrated cells.

Earlier we have shown that retaining the ability
to form E-cadherin-based AJs allows neoplastic cells
to attach to normal epithelial cells, migrate over their
surface and invade epithelial structures. In a cell
culture system, developed by us earlier, we compared
the ability to invade an MCF-10A monolayer by the
MCF-7-SNALII cells after Tet removal. GFP-expressing
MCF-7-SNAII cells at various times of Tet washout
were seeded onto a monolayer of normal mammary
epithelial cells MCF-10A. 20 h after seeding, using
confocal microscopy, GFP-expressing cells which
had invaded the monolayer, were detected on the
substrate level. The average number of such cells per
field gradually decreased with the increase of the Tet
washout time (Figure 4B).

Discussion

The presented data demonstrate that activation
of expression of exogenous SNAII in MCF-7 cells
induces EMT which is characterized by loss of stable
cell-cell adhesion and acquisition of a migratory
phenotype. On a two-dimensional substrate cells could
migrate either individually or as small groups. The
weakening of cell-cell adhesion was not caused by a
decrease in E-cadherin expression or its accumulation
on the cell membrane, but was accompanied by a
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Figure 1. A-B — Western Blotting of the MCF-7-SNAI1 lysates at different time points of Tet washout. C — densitometric analysis of A.
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the MCF-7-SNAI1 cells at different time points of Tet washout.
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reorganization of tangential AJs into radial ones.
Earlier we have observed these radial AJs in epithelial
cells transformed in vitro by dimethylnitrosamine or
the RAS oncogene. Radial AJs in these cells were very
unstable and dynamic [13]. Radial AJs did not hinder
the disruption of the stable cell-cell adhesion during
neoplastic transformation and actively supported
collective migration [14]. We propose that actin
cytoskeleton reorganization underlies the acquisition

of migratory phenotype and reorganization of Als
during EMT. However, the exact mechanisms of actin
cytoskeleton reorganization after SNAI1 induction
have not been elucidated. In certain transformed
cell lines activation of SNAII led to a pronounced
decrease of expression of a tumor suppressor protein
maspin, which has been shown to negatively regulate
mesenchymal migration induced by the small GTPase
Rac [15, 16]. However, in MCF-7-SNAI1, maspin

-Tet 24h -Tet 48h

f-actin

E-cadherin

-Tet 72h

-Tet 96h -Tet 96h

Figure 2. AJs and actin cytoskeleton of MCF-7-SNAI1 cells at different time points of Tet washout. Immunofluorescent staining,
top — B-actin; middle — E-cadherin, bottom — merge. Two examples of AJs are given for - Tet 96h: left, normal E-cadherin accumulation,
right, decreased E-cadherin accumulation. Adhesion belts are marked by arrows, radial AJs by arrowheads, AJs with no detectable
E-cadherin by an asterisk. Scale, 10 ym

Figure 3. Migratory activity of the MCF-7-SNAI1 cells on a flat substrate. DIC live cell imaging; A — control cells, B — cells after activation
of SNAI1 expression (24 h after Tet removal). The nuclei of the fastest migrating cells are marked blue
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Figure 4. A — Migratory activity of the MCF-7-SNAI1 cells in migration chambers (20 h after plating). B — invasion of a monolayer formed
by normal mammary epithelial cells MCF-10A by the MCF-7-SNAI1 cells at different time points of Tet washout

CUBWPCKWM OHKONOMUYECKWW KYPHAT. 2018; 17(4): 24-29

27



LABORATORY AND EXPERIMENTAL STUDIES

was not detected even in control cells cultured in the
presence of Tet. Induction of SNAI1 expression in
MCEF7-7-SNAII cells led to heightened capability to
migrate through 8-pm pores in a migration chamber
assay. At the same time, longer Tet washout times led
to poorer attachment of the MCF-7-SNAII cells to
the MCF10A monolayer and 3-fold weaker invasion
of the monolayer. These data correlate with gradual
decrease of E-cadherin-based cell-cell adhesion
during EMT. Retention of the hybrid phenotype
during early stages of EMT may be an important
factor, allowing cancer cells to migrate from the
primary tumor following activation of an invasion/
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AHHOTauus

Cneumduyeckoe brnokupoBaHme amnnudmkauum annens avkoro Tvna B MNMLP ¢ nomoLLbio onmMroHykneotTuaos,
MOAMMULIMPOBaHHBLIX MO OCTaTKy pubo3bl (3aKpbIThle HyKNenHoBble KMcrnoThbl, locked nucleic acids, LNA),
MCMornb3yeTcst Ans BbICOKOHYBCTBUTENBHOM AETEKLMM COMATUYECKNX MyTauumii B onyxonsx. OnncaHbl pasnuyHbie
BEpPCUN MeToda aHanu3a myTauui ¢ ucnonb3oBaHnem LNA-onvMroHykneotuaoB Kak ¢ AOMOMHUTENbHON
mMoamdmrkaumen ochoTrmoaTHbIMK rpynnamu, Tak u 6e3 Takvx rpynn, npy 3TOM UCMONb30Banuchb pas3nuyHble
OHK nonumepasbl. B pabote npoBeneH aHann3 onTUMarnbHbIX YCIIOBUIA AN YCMNELIHOMo cneunduyeckoro
6nokuposaHus MUP ¢ nomowsto LNA-onuroHykneotnaos npu aHanuae mytaunii B reHax KRAS n BRAF. Mol
obHapyxunu, 4to pocoTroaTHas 3awmTa Ha 5’-KoHLE ONUIOHYKNeoTMA0B He BNUSET Ha 3 (PEeKTUBHOCTb
OnokMpoBaHUs annensi AMKoro Tuna. BoisiBneHo, 4To Ans 6onbWNHCTBA NocneaoBaTensHocTen adhheKkTMBHOE
6rnoknpoBaHue HabnogaeTcst Npy NPOBEAEHMM Liara oTxura 1 anoHraumm MNMLUP npy Temnepatype Ha 20-25°C
Hxe TemnepaTtypbl nnasnenus LNA-onuroHykneoTtuaa. Mpu Takmx yCcrnoBusix peakLmm BO3MOXHa npocTasi U
BbICOKOYYBCTBUTENbHAA AeTekumsa myTaumin B reHax KRAS n BRAF ¢ ncnonb3oBaHWeM Kak CEKBEHUPOBaHWS
no CaHrepy, Tak u MNMLUP B peansHom BpemMeHn ¢ Tagman 3oHaaMu.

KnioyeBble crnoBa: 3aneprtas HykneMHoBas kucnora, 3axum PCR, mytauun, KRAS, BRAF,
OHK-nonumepasa Taq.

REQUIREMENTS FOR EFFICIENT PCR CLAMPING BY LOCKED
NUCLEIC ACID OLIGONUCLEOTIES FOR SIMPLE AND
SENSITIVE DETECTION OF SOMATIC MUTATIONS
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Abstract

PCR clamping/wild-type blocking PCR with non-extendable locked nucleic acid (LNA) oligonucleotides is used
for sensitive detection of somatic mutations in tumors. Various versions of the technique use different DNA
polymerases and LNA oligonucleotides with and without additional phosphorothioate modifications. Here we
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studied requirements for successful PCR clamping with LNA oligonucleotides and Taqg DNA polymerase for
analysis of mutations in KRAS and BRAF genes by means of real-time PCR and Sanger sequencing. We found
that addition of phosphorothioate linkages at the 5’-end of LNA oligonucleotide to protect from 5’-exonuclease
activity of Taq DNA polymerase did not improve clamping. For most target sequences, efficient clamping was
observed at melting temperature of LNA oligonucleotide 20-25°C above annealing/extension temperature of
the PCR with a 2-step protocol. Under such conditions, simple and sensitive detection of mutations in KRAS
and BRAF genes was feasible using real-time PCR with TagMan probes or Sanger sequencing.

Keywords: locked nucleic acid, PCR clamp, mutations, KRAS, BRAF, Taq DNA polymerase.

Introduction

Activating somatic mutations in certain genes
(e.g. BRAF, KRAS, EGFR) are used to guide the
choice of cancer therapy. The large excess of wild-
type DNA often complicates detection of somatic
mutations in tumor tissue. To detect small amount
of a mutant allele within a large excess of wild-type
DNA, a number of methods based on PCR, Sanger
sequencing, pyrosequencing, mass spectrometry and
next generation sequencing (NGS) were developed.
PCR clamping or wild-type blocking (WTB) PCR
with locked nucleic acid (LNA) oligonucleotide
can be used for the sensitive detection of somatic
mutations [1-4]. LNAs are nucleic acids with 2°-
0-4’-C methylene bridge [5]. LNA modifications in an
oligonucleotide increase melting temperature (Tm) and
the specificity of binding to the target [5-7]. In WTB
PCR non-extendable oligonucleotide (PCR clamp)
corresponding to the wild-type sequence of expected
mutation is added to PCR. Binding of PCR clamp
to a target DNA inhibits amplification of the wild-
type allele and results in the selective amplification
of mutant allele(s) that can be detected by Sanger
sequencing or by other methods.

It was proposed that clamping oligonucleotide can
be degraded by the 5’-exonuclease activity of Taq
DNA polymerase, and for efficient PCR clamping,
the Stoffel fragment of DNA polymerase without 5’°-
exonuclease activity is required [1, 8]. Alternatively,
some studies used Taq DNA polymerase and LNA
oligonucleotides protected at the 5’-end with
phosphorothioate modifications or employed Pfu DNA
polymerase and its variants without 5’-exonuclease
activity [9-11]. However, successful PCR clamping
was also reported with regular Taq DNA polymerase
and unprotected LNA oligonucleotides [2-4]. Thus, the
need of PCR clamping to protect the 5’-end of LNA
oligonucleotide and the need of DNA polymerase
defective in 5’-exonuclease activity remains obscure.
Here we studied the requirements for efficient PCR
clamping with LNA oligonucleotides and Taq DNA
polymerase for the simple and sensitive detection of
somatic mutations in tumors.

Materials and Methods

LNA oligonucleotides

We designed PCR clamps KLNA1 (5°-
GCCTACG+C+CA+C+CAGCTCCTT-p-37;
melting temperature (Tm) 80°C) and KLNA1S

CUBUPCKIY OHKONOTMYECKW XXYPHAT. 2018; 17(4): 30-35

(5’-G,C,C,TACG+C+CA+C+CAGCTCCTT-p-3;
Tm 80°C) corresponding to wild-type anti-sense
KRAS sequence with codons 12 and 13. The clamps
had identical nucleotide sequence but KLNAI1S
had phosphorothioate linkages for the first three
internucleotide bonds at the 5’-end. For BRAF
sequence including codon V600, we used PCR clamp
BLNA2 (5’+G+C+T+A+C+A+G+T+G+AGGG-
p-3’; Tm 77°C) [1]. Tm of LNA oligonucleotides
was calculated by the on-line tool [12]. In the
oligonucleotides LNA positions are preceded with “+”
sign, while phosphorothioate linkages are designated
by “S”. Additionally LNA oligonucleotides carried
at the 3’-end two or three nucleotide mismatches
(underlined) and phosphate to block an extension.
Oligonucleotides were synthesized by « DNK-sintez
(Moscow, Russia).

Wild-type and mutant human DNA standards

Recombinant plasmids with mutations KRAS-
G12D (¢.35G>A) and BRAF-V600E (c.1799T>A)
were constructed by site-directed mutagenesis and
mutations were confirmed by Sanger sequencing.
Human placenta DNA without KRAS and BRAF
mutation (Biolink, Russia) was diluted to 2 ng/ul in TE
buffer (10 mmol/L Tris-HCI, pH 8.0; Immol/L EDTA)
and used as wild-type DNA standard. Concentration of
wild-type and mutant DNA was determined by real-
time PCR. Wild-type DNA standard was spiked with
the KRAS-G12D or BRAF-V600E plasmid DNA to
prepare mutant DNA standards with different ratios of
mutant/normal allele.

Real-time PCR

Real-time PCR KRAS was done in 25 pl mixture
containing 1% buffer for Taqg DNA polymerase
(Medigen, Russia), 1.5 mmol/L MgCl,, 0.2 mmol/L
each of dATP, dGTP, dTTP, dCTP (Medigen,
Russia), 0.5 pmol/L of forward primer KF1 (5°-
GGCTGGTGGAGTATTTGATAGTGT-3"),
0.5 pmol/L reverse primer KRI1 (5°-
GGACAAGATTTACCTCTATTGTTGG-3"),
0.5 umol/L TagMan probe KTM6-2
(5’-FAM-CCTGC(dT-BHQ1)
GAAAATGACTGAATATAAACTTGTGG-p-3’),
and 1U of SuperHot Taq DNA polymerase (Bioron,
Germany). SuperHot DNA polymerase is recombinant
Taq DNA polymerase with anti-Taq Ab for hot-start. PCR
clamps KLNA1 or KLNA1S were added to 2.0 pmol/L
when required. Real-time PCR was performed in
iCycler Q5 or CFX96 thermocyclers (Bio-Rad) using
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2-step protocol: 1 cycle 95 °C for 3 min; followed by 50
cycles 95 °C for 15 sec and 55 °C for 90 sec with optical
reading at 55 °C. Difference in Ct values (dCt) in
reactions with and without PCR clamp was calculated
as the following: dCt = Ct, , — Ct_,, where Ct
—is the Ct of the DNA in PCR with clamp, Ct , , —1s
the Ct of the DNA in PCR without clamp.

Unless otherwise indicated real-time PCR
BRAF was done as described for KRAS with
2-step protocol but using forward primer BF2-2
(5’- AATGCTTGCTCTGATAGGAAAATG-3"),
reverse primer BR2-3 (5°-
AGTGGAAAAATAGCCTCAATTCTTA-3"), TagMan
probe BTM5-2 (5’-FAM-ATGAAGACC(dT-BHQI)
CACAGTAAAAATAGGTGATTTTGG-p-3") and
PCR clamp BLNA2. When indicated the following
3-step protocol was used: 1 cycle 95 °C for 3 min
followed by 50 cycles 95 °C for 15 sec, 55 °C for 30
sec (with optic reading) and 72 °C for 20 sec.

Sanger sequencing after PCR clamp

After PCR with clamp oligonucleotide amount of
DNA may not be sufficient for Sanger sequencing.
Therefore, DNA was amplified by nested PCR in two
rounds. In the first round, reaction was done with PCR
clamp to select for mutant allele essentially as described
for the real-time PCR with primers KF1, KR1 and PCR
clamps KLNA1 or KLNAT1S without TagMan probe;
the following PCR protocol was used: 1 cycle 95 °C
for 3 min; followed by 25 cycles 95 °C for 15 sec and
55 °C for 90 sec. Product of the first round was diluted
1:50 in water and Sul of diluted DNA was used in the
second round without PCR clamp to obtain sufficient
amount of mutation-enriched DNA for Sanger
sequencing. In the second round, forward primer

KF2 (5’-GCGTGTATTAACCTTATGTGTGACA-3’)
and reverse primer KR2 (5°-
GGCAAGATTTACCTCTATTGTTGGA-3") were
used with the following protocol: 1 cycle 95 °C for
3 min; followed by 20 cycles 95 °C for 15 sec, 60
°C for 20 sec and 72 °C for 20 sec. After the second
round the DNA was purified on AMpure XP magnetlc
beads (Beckman Coulter) and sequenced using
BigDyel.1 Kit (Applied Biosystems) with KF2 and
KR2 primers.

Results

Protection of the 5’-end of LNA oligonucleotide is
not required for efficient PCR clamp with Taqg DNA
polymerase.

We used initially WTB PCR to detect mutations
at KRAS codons 12 and 13. These two codons have
sequence GGTGGC with guanine nucleotides being
mutation hot-spots in different cancers. We used
sequence of the anti-sense strand of the KRAS gene
for the clamp design to avoid LNA modification of
guanine nucleotides that negatively impacts mismatch
discrimination [6]. We designed clamp oligonucleotides
KLNAT and KLNAIS that had identical nucleotide
sequence but the latter had phosphorothioate linkages
for the first three internucleotide bonds at the 5’-end to
protect from digestion by the 5’-exonuclease activity
of Taqg DNA polymerase. We tested both PCR clamps
for the detection of mutation KRAS-G12D by real-
time PCR and Sanger sequencing.

In real-time PCR both PCR clamps inhibited
amplification of WT human KRAS DNA as evidenced
by large increase in Ct (Figure 1A). As a quantitative
parameter of performance of a PCR clamp we used

A
Ct
40,00
35,00 4 onoclamp
OKLNA1
BKLNA1S
30,00 A
25,00
0.0 % KRAS-G12D
o} D
WT 5%G12D
no clamp no clamp

G CTGG TGGC

o

dCt
15,00 -

10,00

5,00

OKLNA1
BKLNA1S

0.0 % KRAS-G12D

E F

1% G12D
+ KLNA1

1% G12D
+KLNA1S

i

|
GCTGATGGC GCTGATG c

Figure 1. Detection of KRAS mutation G12D using Taq DNA polymerase and different PCR clamps. Ten nanogram human placenta DNA
with wild-type KRAS or the same DNA spiked with 1% or 5% DNA copies KRAS-G12D was tested. PCR was done with and without
PCR clamp KLNA1 without phosphorothioate linkages, or KLNA1S with phosphorothioate linkages. A, B - real-time PCR, plot of Ct and
dCt, accordingly. C- F - Sanger sequencing after PCR without clamps (C, D) or with clamps KLNA1 (E) or KLNA1S (F). Codon 12 is
underlined, nucleotide position corresponding to wild-type and mutation p.G12D (c.35G>A) is indicated by an arrow
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the difference in Ct values (dCt) in reactions with and
without PCR clamp. DNA samples spiked with KRAS-
G12D plasmid had smaller dCt compared to wild-type,
so that 1% mutant allele was readily distinguished
(Figure 1B). Importantly, Ct as well as dCt values
were similar in PCR with either clamp indicating
similar performance of LNA oligonucleotides with
and without phosphorothioate linkages.

Sanger sequencing of amplicons after PCR with
either oligonucleotide clamp showed similar detection
of 1% mutant allele (Figure 1D, F). Of note, 5% mutant
allele was not visible by Sanger sequencing without
PCR clamp (Figure 1E) and reliable detection required
20% or more mutant allele (data not shown).

These real-time PCR and Sanger sequencing
data indicated that protection from 5’-exonuclease
activity of Taqg DNA polymerase did not improve PCR
clamping by LNA oligonucleotides.

Efficient PCR block is observed at an annealing/
extension temperature of 20-25 degrees below
calculated Tm of the PCR clamp.

The strength of oligonucleotide binding to the
template, and consequently efficiency of clamping
should increase with higher Tm of LNA oligonucleotide
and lower annealing/extension temperature (Tann/ext)
during PCR. We investigated optimal Tann/ext for a
PCR clamp with certain calculated Tm. Increase in
Tann/ext from 54.6 to 62.8°C resulted in decrease in
dCt of the wild-type DNA, while dCt of DNA with
5% allele KRAS-G12D was not appreciably changed
(Figure 2). These data indicated less efficient PCR
clamp and drop in discriminating power between
wild-type and mutant alleles with increased Tann/
ext. Further increase of Tann/ext to 65°C resulted
in poor PCR performance, which was manifested in
drop in fluorescence and large increase in Ct (data
not shown).

Two-step PCR protocol is preferred for effective
clamping.

Different studies use LNA-based PCR clamps
either in 2-step PCR with 60-65°C annealing/
extension temperature [2, 3, 10] or in classic 3-step
PCR protocol with 56-64°C annealing and 72°C
extension temperature [1, 4, 9, 11]. We speculated

dct
18 - ¢ 5% KRAS-G12D O Wild-type
16°5 B o
144 o TTTTSeeeel
12 - e T
10 -
® 3
v ‘ ad
54 56 58 60 62 64
PCR annealing/extension temperature, °C

Figure 2. Performance of PCR clamp at different annealing/
extension temperatures (Tann/ext). Real-time PCR of 5% KRAS-
G12D and wild-type DNA with and without PCR clamp KLNA1.
PCR was done using 2-step protocol with Tann/ext at 54.6; 60.2;
or 62.8°C. Difference of Ct for reactions with and without clamp
(dCt) and linear approximation of dCt is shown for 5% KRAS-
G12D (solid line) and wild-type DNA (broken line)

that extension at 72°C can cause weaker binding of
LNA oligonucleotide to the target and compromise
clamping. Importantly, we described PCR clamp for
BRAF-V600 that did not block amplification of the
wild-type DNA in 3-step PCR protocol with Tag DNA
polymerase [1]. We tested this PCR clamp in 2-step and
3-step PCR protocols. The amplification of wild type
DNA was effectively blocked by PCR clamp that was
manifested in large increase in Ct of the DNA if 2-step
PCR protocol was applied with 55°C Tann/ext. Under
such conditions DNA spiked with 1% BRAF-V600E
allele was readily detected (Figure 3A). However, in
agreement with Dominguez and Kolodney [1] the
clamp did not block PCR with Taq DNA polymerase
in 3-step PCR protocol (Figure 3B). These data showed
that 2-step PCR protocol with 55 °C Tann/ext was
preferred for efficient clamping.

Furthermore, we designed and tested additional
LNA oligonucleotides as PCR clamps to different
loci in EGFR, KRAS and NRAS genes (data not
shown). PCR was done using 2-step protocol with
55°C annealing temperature. We found that LNA
oligonucleotides with Tm 72-73°C were poor blockers;
in contrast, PCR was efficiently blocked by LNA

A
ct
45,00

40,00 1
35,00 -

BBLNA2
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BBLNA2
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Figure 3. Detection of BRAF mutation V600OE by PCR clamping using 2-step and 3-step protocol. Real-time PCR BRAF using 2-step
protocol with Tann/ext 55°C (A), or 3-step protocol with 55°C annealing and 72°C extension (B). Ct of wild-type DNA and 1% or 5%
BRAF-V600E is shown in reactions with and without PCR clamp BLNA2
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oligonucleotides that had Tm about 80°C (range
76-80°C). The only exception was PCR clamp for
sequence of NRAS including codons 12 and 13. In this
case LNA oligonucleotide with Tm 80°C did not block
PCR. Importantly, another oligonucleotide for the same
sequence with additional LNA positions that increased
Tm to 92°C blocked PCR of wild-type NRAS DNA
and allowed detection of 1% NRAS-G12D (data not
shown). Taken together these data indicated that for
efficient clamping the Tm of oligonucleotide clamp
should be at least 20°C above Tann/ext.

Discussion

WTB PCR using LNA oligonucleotides is a
simple sensitive method for the detection of somatic
mutations in tumors. Nafa et al. [13] reviewed the
method; however, several important parameters of the
technique remained unclear. In this study we evaluated
requirements for effective PCR clamping by LNA
oligonucleotides.

We found that phosphorothioate linkages in LNA
oligonucleotide did not improve PCR clamping,
indicating that protection of the clamp from 5°-
exonuclease activity of the Taq DNA polymerase was
not required. Interestingly, Stoffel fragment that lacks
5’-3’ exonuclease activity was much more sensitive to
PCR clamp in comparison to Tag DNA polymerase [1].
Our observation that phosphorothioate modifications
of LNA oligonucleotide did not improve clamping
indicated that the 5’-exonuclease activity of Tag DNA
polymerase was not likely the reason for difference
in sensitivity of these enzymes to PCR clamp. Most
plausible explanation is weaker binding to the DNA
template of Stoffel fragment in comparison to Taq
DNA polymerase, which is manifested in about 10-fold
difference in the binding constants of these enzymes
to the DNA [14].

Tm of LNA oligonucleotide and annealing/extension
temperature during PCR were critical parameters that
had strong impact on clamping. There was a poor
clamping if Tm of LNA oligonucleotide was 20°C
lower than the annealing/extension temperature of the
PCR. This observation provides simple and efficient
rationale for design and optimization of WTB PCR
with PCR clamps based on LNA oligonucleotides.
Software to determine Tm of LNA oligonucleotides
is available at the IDT and the Exiqon company sites
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CPABHUTEJIbHbIA AHANN3 3K30COM KJIETOK
3CTPOIrEH-PE3NCTEHTHOIO PAKA MOJIOYHOW XENE3bl
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AHHOTauus

YyacTuve 9K30COM B nMatoreHese 3noKa4eCTBEHHBIX OMyXOoren OCHOBaHO Ha MX CMOCOBHOCTY MPOHMKAaThb BHYTPb
KNeTOoK-pPeLMNMEHTOB, Bbi3blBas B MOCNEAHUX Kackad reHeTUYECKNX U ANMUreHETUYECKNX n3MeHeHnn. PaHee
Mbl TOKa3arnu, YTo 3K30COMbI, MPOAYLMPYEMbIE Pa3NNYHbIMI BapuaHTaMu 3CTPOreH-He3aBNCUMbIX CyOrMHMNA
KNeTok paka monoyHon xenesbl (MCF-7/T, nony4yeHHoON B pesynsrarte ANUTENbHOMO KynbTUBUPOBAaHMWS KIETOK
B MPUCYTCTBUUN aHTUICTpOreHa TamokcudgeHa, n MCF-7/M, nony4YeHHON B pesyrnkrate KynbTUBMPOBAHMS
KNeTok ¢ MeThOpPMMNHOM), CNOCOBHbI MHAYLMPOBAaTb PE3UCTEHTHOCTb B poauTenbcknx knetkax MCF-7.
B HacToswel paboTte Ans MccnenoBaHMs XapaKTepHbIX OCOOEHHOCTEN COCTaBa 9K30COM PE3UCTEHTHBIX
KneTok Obln NpoBedeH CpaBHUTENbHbIV aHanv3 npoteoma v npoduns MUKpoPHK KOHTPONbHbBIX 3K30COM 1
3K30COM, NMOMYyYEHHbIX OT PE3NCTEHTHBIX CyOnuHuiA. B Lernom B 06pasuax 3k30CoM ObIno MaeHTUOULMPOBaHO
6onee 400 GenkoB, 13 KOTopbIX Tonbko 2 6enka, DMBT1 (Deleted in Malignant Brain Tumors 1) n THBS1
(Thrombospondin-1), 661 rMnepakcnpeccMpoBaHbl B 000UX TUNAax pe3NCTEHTHBIX 3K30COM (MeHee 5 % oT
obLero konuyecTsa 6enkoB, AnddepeHLManbHO 3KCNPECCMPOBaHHbBIX B 9K30COMaXx PE3NCTETHBIX KIETOK), YTO
CBMAETENbCTBYET 06 YHMKaNbHOM COCTaBe 3K30COMaribHbIX OENKOB ANS KaXXOoro Tuna pe3ncTeHTHbIX KIETOK.
CpaBHUTENbHbIV aHanm3 coctaBa MukpoPHK, anddepeHumanbHO skcnpeccMpoBaHHbIX B 000MX BapuaHTax
3K30COM PE3NCTEHTHBIX KNeToK, BbisaBun 180 runepakcnpeccupoBaHHbix MUKPOPHK 1 202 mukpoPHK ¢ no-
HWXeHHOW akcnpeccuei. Cpeam HUX 4 rMnepakcnpeccMpoBaHHbIX U 8 rTMNO3KCNpeccMpoBaHHbIX MUKPOPHK
oKasanncb accouMMpoBaHbl C pa3BUTUEM FOPMOHANbHON PE3UCTEHTHOCTU KIETOK Paka MOMOYHOM Kenesbl.
BuonHdpopmatnyecknii aHanms 4 runepakcnpeccMpoBaHHbiX MUKPOPHK BoisiBun 2 MukpoPHK, mir-101u
mir-181b, yyacteytowmx B ctumynsaumm PI3K curHanuHra, CBUAETENbCTBYS O BaXXHOW PONM MOCMeaHero B
pa3BUTUM FOPMOHAIBHOW PE3UCTEHTHOCTY KIIETOK paka MOJTOYHOW Xenesbl.

KnioueBble cnoBa: pak MOJIOYHOW Xerie3bl, TaMOKCU(eH, 3K30COMblI,
ropMoOHaribHasi pe3UCTEHTHOCTb, MUKPOPHK.
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Abstract

The exosomes involvement in the pathogenesis of tumors is based on their property to incorporate into the
recipient cells resulting in the both genomic and epigenomic changes. Earlier we have shown that exosomes
from different types of estrogen-independent breast cancer cells (MCF-7/T developed by long-term tamoxifen
treatment, and MCF-7/M) developed by metformin treatment were able to transfer resistance to the parent
MCF-7 cells. To elucidate the common features of the both types of resistant exosomes, the proteome and
microRNA cargo of the control and both types of the resistant exosomes were analyzed. Totally, more than
400 proteins were identified in the exosome samples. Of these proteins, only two proteins, DMBT1 (Deleted in
Malignant Brain Tumors 1) and THBS1 (Thrombospondin-1), were commonly expressed in the both resistant
exosomes (less than 5% from total DEPs) demonstrating the unique protein composition of each type of the
resistant exosomes. The comparative analysis of the miRNA differentially expressed in the both MCF-7/T and
MCF-7/M resistant exosomes revealed 180 up-regulated and 202 down-regulated miRNAs. Among them,
4 up-regulated and 8 down-regulated miRNAs were associated with progression of hormonal resistance of
breast tumors. The bioinformatical analysis of 4 up-regulated exosomal miRNAs revealed 2 miRNAs, mir-
101and mir-181b, which up-regulated PI3K signaling supporting the key role of PI3K/Akt in the development

of the resistant phenotype of breast cancer cells.

Keywords: breast cancer, tamoxifen, exosomes, hormonal resistance, microRNA.

Exosomes are 30-100 nm-sized microvesicles
that are generated in the cells and released into the
extracellular space accumulating in many biological
fluids, including urine, milk, semen, cerebrospinal
fluid, lymph, saliva, etc. [1]. It is noteworthy that tumor
cells produce much more exosomes than normal cells
[2]. The exosomes involvement in the pathogenesis
of tumors is based on their property to incorporate
into the recipient cells resulting in the both genomic
and epigenomic changes [3-8]. Recently, the ability
of the exosomes secreted by the drug- or hormone-
resistant tumor cells to transfer the resistant properties
to recipient cells has been demonstrated in different
cell models [9, 10].

The main goal of the present study was to analyse
the features of the exosomes of the estrogen-resistant
breast cancer cells and to identify the exosomal factors
respondent for transferring of the resistant phenotype
to the donor cells.

Earlier, using the estrogen-dependent MCF-7
breast cancer cells and estrogen-independent MCF-
7/T cells we have demonstrated the ability of the
resistant cells-derived exosomes to initiate the
estrogen-independent growth of the parent MCF-7
cells. The parallel experiments were performed on the
MCF-7/M resistant subline developed under long-term
cultivation of the parent MCF-7 cells with biguanide
metformin and characterized by the cross-resistance to
metformin and tamoxifen. The treatment of the parent
MCEF-7 cells with the MCF-7/M exosomes resulted in
the cell cross-resistance to metformin and tamoxifen.
Both types of resistant exosomes, MCF-7/T and MCF-
7/M, induced the similar changes in the cell signaling:
inhibition of the estrogen signaling and stimulation of
the Akt protein kinase and transcription factors AP-
land NF-kB [11].

Here, to elucidate the common features of the
both types of resistant exosomes, the proteome and
microRNA cargo of the control and both types of
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the resistant exosomes were analyzed. Exosomes
were prepared from the MCF-7, MCF-7/T and
MCF-7/M’ conditioned medium by the differential
ultracentrifugation, and exosome imaging was carried
out by transmission electron microscope. For proteome
study, an AB Sciex 5800 MALDI TOF/TOF mass
spectrometer (Sciex, Germany) was used. Analysis
of MS and MS/MS spectra was done with Protein
Pilot software using the UniProtKB/SwissProt/NCBI
international protein databases. Then the differentially
expressed proteins in the exosomes of MCF-7, MCF-
7/T and MCF-7/M cells were detected. Totally, more
than 400 proteins were identified in the exosome
samples. Among them, 131 differentially expressed
proteins (DEPs) were found in the exosomes of MCF-
7/T cells versus MCF-7 exosomes and 97 DEPs were
found in the MCF-7/M exosomes.

To find the common changes in the proteome of the
resistant exosomes, DEPs in the exosomes from MCF-
7/T and MCF-7/M cells were compared. As revealed,
only two proteins, DMBT]1 (Deleted in Malignant Brain
Tumors 1) and THBS1 (Thrombospondin-1), were
commonly expressed in the both resistant exosomes
(less than 5% from total DEPs) demonstrating the
unique protein composition of each type of the
resistant exosomes. Noteworthy, the bioinformatical
analysis showed correlation between expression
of two identified proteins and breast cancer risk.
Namely, single-nucleotide polymorphisms (SNPs)
and overexpression of DMB1 were found to be
associated with the breast cancer [12, 13]. Several
studies demonstrated that high level of THBS1
mediates chemotherapy resistance through the integrin
B1/mTOR pathway [14] and promotes aggressive
phenotype via epithelial-mesenchymal transition
(EMT) [15].

The analysis of exosomal microRNAs was
performed by HiSeq2500 and at least 5 million reads
per samples were obtained. Library preparation
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Table 1

Differentially expressed miRNAs in the exosomes of the resistant MCF-7/T and MCF-7/M cells

Cell line Total miRNAs Up-regulated miRNAs Down-regulated miRNAs
MCF-7/T 877 459 418
MCF-7/M 751 388 363
Common miRNAs 382 180 202
Table 2
Differentially expressed exosomal miRNAs associated with hormonal resistance
Up-regulated miRNAs Biological effects Refs
hsa-miR-101-3p Upregulates the phosphorylated Akt (pAkt) [16]
hsa-miR-210-5p Up-regulated in TAM-R MCF-7 [17]
hsa-miR-7704 Up-regulated in TAM-R MCF-7 [18]
has-miR-181b Up-regulated in TAM-R MCF-7cells [19]
Down-regulated miRNAs Biological effects Refs
hsa-let-7b-3p Induce tamoxifen sensitivity by downregulation of estrogen receptor [20]
Suppresses the levels of p-Akt, p-mTOR, p-p70S6K, and PIK3CA, and
hsa-miR-10a-3p increases the expression of Cyt C, cleaves caspase-3, and the ratio of Bax/ [21]
Bcl-2
hsa-miR-148a-3p Increase drug sensitivity of breast cancer cells [22]
hsa-miR-182-5p Induces apoptosis through the upregulation of CASP9 [23]
hsa-miR-200b-5p Suppresses the epithelial-mesenchymal transition [24]

Directly targets and inhibits the expression of nuclear receptor subfamily 5

hsa-miR-27b-3p

group A member 2 (NR5A2) and cAMP-response element binding protein 1

[25,26] [27]

(CREBI1) and regulates ESR1, PGR1, FOXM1 and 14-3-3 family genes

hsa-miR-29a-3p
hsa-miR-503-5p

and sequencing was done by ZAO Genoanalytica
(Moscow, Russia) as follow: microRNA was extracted
from by PureLink RNA Micro Kit (#12183-016)
according to manual. Library preparation was carried
out with NEBNext® Small RNA Library Prep Set
for Illumina® (E7330S) according to manual. More
than 2500 miRNAs were identified in the exosomal
samples. The comparison of miRNA profile of
MCF-7 and MCF-7/T exosomes revealed 877 miRNA
differentially expressed in MCF-7/T exosomes,
among them 459 miRNA were up-regulated, and
418 miRNA were down-regulated. Study of miRNA
of MCF-7/M exosomes showed 751 differentially
expressed miRNA including 388 up-regulated and 363
down-regulated miRNAs. The comparative analysis
of the miRNA differentially expressed in the both
MCF-7/T and MCF-7/M resistant exosomes revealed
180 up-regulated and 202 down-regulated miRNAs
(Table 1).

The following bioinformatical analysis of the
common differentially expressed miRNAs revealed 4
up-regulated and 8 down-regulated miRNAs associated
with progression of hormonal resistance of breast
tumors. Importantly, we revealed the strong correlation
between change vector of miRNA expression in
the resistant exosomes and type of miRNA activity.
Namely, all of 4 up-regulated miRNAs were described
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Suppresses proliferation of tamoxifen-resistant breast cancer cells [28]
Suppresses proliferation by regulating the oncogene ZNF217 [29]

as resistance-associated mitogenic factors, whereas 8
down-regulated miRNAs were considered as the pro-
apoptotic or hormone-sensitive- associated factors
(Table 2).

As mentioned above, the parent cells response to
the resistant exosomes involves the activation of Akt —
one of the key signaling supporting the growth of the
hormone-resistant cells [30]. The key role of the Akt
signaling in the transferring of the resistant phenotype
was substantiated in our experiments, showing the full
block of the exosome-induced resistance of MCF-7
cells in the presence of PI3K inhibitor wortmannin
[11]. Here, the analysis of 4 resistance-associated
exosomal miRNAs revealed 2 miRNAs, mir-101,
mir-181b, which up-regulated PI3K signaling. Both of
miRNAs exert their effect via the suppression of PTEN
phosphatase which is main physiological antagonist
of PI3K [16].

Totally, we demonstrated the unique protein and
miRNA composition of the exosomes of the resistant
cells, identified the possible intercellular targets of
exosomes and revealed the key exosomal miRNAs
associated with hormonal resistance. Further studies
are required to explore the role of the each of the
identified miRNAs in the progression of the exosome-
induced hormonal resistance.
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AHHOTauuA

Ha cerogHsaLHMI AeHb BNUSIHWE NpoLeccoB ayTodarnv Ha kKaHLeporeHe3 0CTaeTcs He A0 KOHLA U3YYEeHHbIM.
C oHOM CTOPOHBI, ayTodharns ssBNSETCA ONyXONeBbIM CYNPECCOPOM 3a CHET aKTUBALMK Pa3pyLLEHUS OHKO-
FEHHbIX MPOTEMHOB, TOKCUYHBLIX 6EMKOB M AedEKTHbIX OpraHens, KoTopble MOryT obnagarb arpecCUBHbIMM
cBowcTBamm 1 cnocodcteoBaTth nospexaeHuto AHK knetku. C gpyror CTOpOHbI, ayTodarns MoXeT cnocoob-
CTBOBAaTb BbPKMBAHWIO OMyXOrEBbIX KNETOK B YCITOBUSX TMMOKCUUN U MPUCYTCTBUSI aKTUBHBIX (DOPM Krucrnopoaa,
4YTO MPOUCXOOUT NPEUMYLLECTBEHHO 3@ CYET OrOKMPOBKM MEXaHW3MOB aronTo3a, YBenuynBasi LaHchl Ha
nopaepkaHve LMpKynsLmMm onyxoneBoro KrnoHa. Perynsaums aytodarmm SBnsercs CroXHbIM, MHOTO3TanHbIM
1 KOMMNIEKCHbIM NpoueccoM. OCHOBHbBIM €ro PErynsTopoM SIBMAETCS CUrHaNbHbIN Ny Tb, KOTOPbIA aKTUBUPYET
6ernok NPOTENHKNHA30CEPUH-TPEOHNHOBOW CNeLndUYHOCTM M-Tor (MULLEHb PanaMuLMHa Y MITEKOMUTAOLLMX).
B nutepatype nmetotca AaHHble o BnusHuu 6enkos aytodarun ATG5, LC3A n LC3B, Beclin-1 Ha cnocob-
HOCTb 3M0OKa4YeCTBEHHO TPaHCOPMUPOBAHHbBIX KIETOK K BbIKMBaHMIO, @ TAKKE Ha pPa3BUTME OMyXonu 1 ee
nporpeccmpoBaHue. KpaHe akTyanbHbIMW ABNATCS UCCEeN0BaHWSA, HAanpaBneHHbIe Ha MOUCK BO3MOXHbIX
B3aVMOCBS3el Mexay npoueccamu aytodarim n natoreHeTU4eCKMMU MexaHnamamm kaHueporeHesa. Llenb
nccrnefoBaHUA — U3YYNTb B3aMMOCBSA3b 3KCMPECCUOHHBIX NapameTpoB GenkoB-perynsaTopos aytodarum
m-TOR u Beclin-1 ¢ napameTpamm nuMdoreHHoro MetTactasnmpoBaHus Npu koropekTansHom pake. Matepu-
an n metoabl. B nccnenosaHve 6binuv BrrtoveHbl 105 naumeHToB ¢ konopekTanbHbiM pakom T1-4N0-3MO,
HaXOAMBLLMXCSI HA NleYeHNU B OTAENEHUM Topako-abgomMuHanbHowm oHkonorum HUW oHkonorum Tomckoro
HWML| B nepuog ¢ 2012 no 2015 r. CpegHun BodpacT 6onbHbIX coctaBun 59,7+4,3 roga. Mopdonornyeckas
BepudUKaunst AMarHo3a KorlopekTarnbHOro paka npoBogunacb Ha OuoncuiHoM MaTepuane parMeHToB
TKaHW NEPBUYHON onyxonu. PacnpocTpaHeHHOCTb OHKOMNOrM4ecKkoro 3aboneBaHunsi onpegensnack CornacHo
mMexayHapoaHon knaccudukaumm no cucteme TNM (2002). PesynbTaTbl. AHanNM3 4actoTbl IMMAOreHHOro
MeTacTa3vpoBaHWsA B 3aBMCUMOCTM OT Hannyus Unu oTCyTCTBUSA akcnpeccun 6enkoB m-Tor u Beclin-1 B
uuTonnasme OMyXoneBblX KMETOK BbISIBUN CTAaTUCTUYECKM 3HAYMMYKO CBS3b MEXAy 3TMMMK napameTpamu.
3aknto4yeHue. MonyyeHHble AaHHbIe OTHETNMBO AEMOHCTPUPYIOT TOT (DaKT, YTO CHWXEHUE unu yTpara
aKTMBHOCTM NPOLECCOB ayTodarny B Onyxonv CONpoBOXAAeTCs peanu3aument MexaHu3mMoB NMMAOreHHom
AncceMyHaumm, Kotopas SBrseTca NPeaukTopom HebnaronprsaTHOro NporHosa 3aboneBaHus.

KnioueBble cnoBa: KoriopekTanbHbIA pak, aytodarusi, nuMmcoreHHoe MeTacTasupoBaHue,
Beclin-1, m-Tor, nporHos.
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Abstract

Currently the impact of autophagy on carcinogenesis remains understudied. On the one hand, autophagy
acts as a tumor suppressor, as it activates degradation of oncoproteins, toxic proteins, and damaged cell
organelles, that may be aggressive and lead to DNA damage. On the other hand, autophagy may promote
tumor cell survival under hypoxia and in the presence of reactive oxygen species, which occurs primarily due
to blocking of apoptosis mechanisms, raising the chances for maintaining tumor clone dynamics. Autophagy
regulation is a complicated and multi-stage process. The main regulator here is a signaling pathway that
activates serine/threonine protein kinase m-TOR (the mammalian target of rapamycin). Data on the impact of
autophagic proteins ATG5, LC3A, LC3B, and Beclin-1 on malignant cell survival as well as on tumor growth
and progression have been reported in literature. However, studies aimed at seeking possible relationships
between autophagy and pathogenetic mechanisms of carcinogenesis are of great interest. The aim of the
study is to investigate a relationship between the expression parameters of autophagy regulatory proteins
m-TOR and Beclin-1 and the features of lymphogenic metastasis in colorectal cancer. Materials and
methods. The study included 105 patients with T1-4N0-3MO colorectal cancer treated in the Thoracic and
Abdominal Department of Cancer Research Institute of Tomsk Research Medical Center from 2012 to 2015.
The average age of patients was 59.7+4.3 years. Morphological verification of the diagnosis was performed
on the biopsy samples of primary tumor tissue. Staging of colorectal cancer was determined according to the
TNM classification of malignant tumors (2002). Results. Analysis of the frequency of lymphogenic metastasis
depending on the presence or absence of m-Tor and Beclin-1 expression in tumor cell cytoplasm revealed
a statistically significant link between these variables. Conclusion. The obtained findings clearly exhibit that
deceleration or loss of autophagic activity in the tumor is accompanied by implementation of lymphogenic

dissemination, which is a predictor of an unfavorable outcome of the disease.

Keywords: colorectal cancer, autophagy, lymphogenous metastasis, Beclin-1, m-Tor, prognosis.

Introduction

Currently, colorectal cancer is one of the most
common cancers worldwide, and every year more
and more new cases of this disease are recorded [1].
This cancer is characterized by low five-year survival
rate, which is explained by frequent recurrences and
high chances for development of lymphogenic and
hematogenic metastases [2]. Differences in biological
parameters of a primary tumor, variety in the types of
carcinoma, differences in metastasis in organs, and
resistance to therapy make difficult early detection
of a tumor. Shortcomings of existing treatment
algorithms dictate the necessity of studying clinical
features of colorectal cancer as well as molecular and
morphologic parameters of the disease.

According to the literature data, non-surgical
treatment options, such as chemotherapy, radiation
therapy, hormone therapy and immunotherapy, are
the most common treatment strategies for patients
with colorectal cancer [3, 4]. Special attention is given
to the study of molecular and genetic features of the
tumor, that are associated with different options of
tumor progression as well as with disease prognosis.
Autophagy is one of the processes involved in
tumor pathogenesis. Its role in tumor pathogenesis
is understudied and data that have been already
published in literature are controversial. Autophagy
is a catabolic process characterized by degradation of
cell organelles. This process is necessary for growth
and proliferation of healthy cells and maintenance of
intracellular homeostasis [S]. Autophagy is regulated
by more than 30 proteins encoded by ATG genes
found in yeast fungi as well as by a big number of
homologous proteins found in mammals [6].

42

The impact of autophagy on carcinogenesis
remains unclear [7]. On the one hand, autophagy
acts as a suppressor of tumor cell development due
to degradation of oncoproteins, toxic proteins, and
damaged cell organelles that may be aggressive and lead
to DNA damage [8, 9]. On the other hand, autophagy
may promote tumor cell survival under hypoxia, in
the presence of reactive oxygen species, and under
starvation by blocking apoptosis, thus favoring tumor
progression [9-11]. The main autophagy regulator is
a signaling pathway that activates serine/threonine
protein kinase m-TOR (the mammalian target of
rapamycin), which is involved in cell metabolism,
growth, proliferation, and differentiation [12].

Accordingto E.J. Write et.al., autophagy suppression
in the tumor is associated with the oncogenic function
of the PI3-K pathway, which triggers the mTORCI
cascade of reactions [13]. According to other authors,
tumor cells with activated autophagy are characterized
by increased aggressiveness and resistance to
chemotherapy. After chemo- and radiation therapy,
a rise in the number of autophagosomes in the tumor
was observed [8, 14].

Impairment of m-TOR pathway functioning,
determined by genetic variations in key genes, was
identified in investigations on bladder cancer, breast
cancer, lung cancer, and hepatocellular carcinoma
[15-18]. According to L. Lei et. al., over the past few
years, considerable attention has been given to the
impact of the m-TOR pathway on tumor formation
[19]. According to the findings of L. Xiao yan L. Zhou,
increased proliferative activity in tumor cells in breast
cancer is associated with elevated p-mTOR expression
[20]. Another study exhibited that p-mTOR expression
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was associated with a worse prognosis of stomach
cancer, however, the survival rate in patients with
positive m-TOR expression was significantly higher
than that in patients with negative expression of this
marker in the tumor [21, 22].

Literature contains data on the impact of autophagy-
related proteins ATGS, LC3A, LC3B, and Beclin-1 on
cell survival, carcinogenesis, and invasive features
of the tumor [23-25]. The Beclin-1 protein plays
an essential role in regulating autophagy [26] and
is involved in implementation of various signaling
pathways. Beclin-1 may act both as an inductor and
suppressor of carcinogenesis. Till recently, the gene
that encoded Beclin-1 had been viewed as a tumor
suppressor gene. However, latest research has not
revealed any evidence on a relationship between a
loss of this gene or its mutation and development
of tumors in different localities [27]. J. Gao et al.
reported that transformations in the gene encoding
the Beclin-1 protein were identified in only 2.5% of
patients with colorectal cancer [28]. In the study of
K.J. Schmits et al., a correlation between the level of
Beclin-1 expression and low survival rate in patients
with stage III and IV colorectal cancer was found [10].
The function of Beclin-1 is associated with many key
cell molecules, for instance, with m-TOR and HIFs (a
transcription factor that reacts to a decrease in cellular
oxygen level) [29].

In recent years, the prognostic significance of
Beclin-1 level in stomach cancer [30], epidermoid
laryngeal cancer [31], and testicular cancer [32]
has been actively studied. In case of monoallelic
deletion of the gene encoding Beclin-1, in 40-75%
of patients with malignant tumors deceleration of
autophagy was observed. Such findings were obtained
in investigations on testicular, breast, prostate, and
brain cancers [33]. To date, data on the impact of
Beclin-1 on tumor progression and disease prognosis
remain controversial. According to the findings of
Ahn, increased expression of Beclin-1 was observed
in 95% of patients with intestinal adenocarcinoma.
However, in this study no statistically significant
data on the relationship between the level of this
marker and clinical and morphological features of
the tumor were obtained, thus leading to a hypothesis
that Beclin-1 does not play an essential role in tumor
suppression [33]. A number of other studies point to a
relationship between the level of Beclin-1 expression
and the depth of tumor invasion as well as metastasis
parameters. Thus, high Beclin-1 expression in patients
with colorectal cancer was considered as an indicator
of a favorable prognosis and good survival rate [34].
Therefore, the study of autophagy-related proteins is
a topical area in modern oncology, since the impact
of these proteins on signaling pathways regulating
autophagy in healthy and neoplastic cells may become
a prospective therapeutic target for cancer.
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Figure 1. Well-differentiated adenocarcinoma with the minimal
stromal component. Hematoxylin and eosin staining
(200x magnification)
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Figure 2. Moderately differentiated adenocarcinoma
with pronounced stroma.
Hematoxylin and eosin staining (100x magnification)
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Figure 3. Poorly differentiated adenocarcinoma.

Discrete tumor cells, small tumor cell clusters.
Hematoxylin and eosin staining (100x magnification)
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Material and Methods

The study included 105 patients with T1-4NO-
3MO colorectal cancer treated in the Thoracic and
Abdominal Oncology Unit at the Research Institute
of Oncology of Tomsk Research Medical Center
from 2012 to 2015. The average age of patients was
59.7£4.3 years. Morphological verification of the
diagnosis was performed on the biopsy samples of
primary tumor tissue. Staging of colorectal cancer
was determined according to the TNM classification
of malignant tumors (2002). Stage I cancer was
detected in 8 patients (7.6%), stage IIA in 16 patients
(15.2%), stage 1IB in 43 patients (41%), stage I1IA in
33 patients (31.5%), stage I1IB in 4 patients (3.8%),
and stage IIIC in 1 case (0.9%). Tumor localization
in the colon was the following: the cecum in 16
patients (15%), ascending colon in 8 patients (7%),
hepatic flexure in 3 patients (3%), transverse colon in
2 patients (2%), splenic flexure in 23 patients (22%),
descending colon in 6 patients (5%), sigmoid colon
in 31 patients (30%), and rectosigmoid junction in 16
patients (16%). All patients underwent hemicolectomy
or colon resection. In the post-operative period,
48 patients received different adjuvant treatments
according to clinical recommendations. The patients
had been followed up for 3 years. To evaluate the
disease activity, patients’ medical records were
analyzed. The surgical specimens were sent to further
morphological examination. Fixation, processing to a
paraffin block, preparation of slices, and staining were
performed in compliance with standard instructions.
Morphological examination of the specimens was
conducted using the light microscope (“Axioscope A1”
Carl Zeiss). Digital images of the stained histology
and immunohistochemistry slides were acquired using
AxioCam MRc5 camera with AxioVision 4.6.3 (Carl
Zeiss) software for digital image processing. When

investigating the surgical specimens, we performed
gross examination of the primary tumor: we evaluated
the size and form of the tumor, the depth of tumor
invasion, and the status of resection margins. To
assess the status of regional lymph nodes, all lymph
nodes were investigated with respect to the presence
or absence of metastases. The diagnosis of colorectal
cancer was made according to the WHO Histological
classification of Gastrointestinal Tumors (WHO,
2013). In 92 patients (87.6%), the tumor histotype
corresponded to colon adenocarcinoma with various
degrees of differentiation (Figures 1-3). In 13 patients
(12.4%), other histological subtypes were detected
(mucinous cancer, cancer with neuroendocrine
differentiation). Histological examination of the
tumor tissue was conducted with assessment of the
following parameters: the degree of differentiation,
depth of colon wall invasion, presence of perineural or
lymphovascular invasion, presence of tumor necrosis,
presence and intensity of inflammatory infiltration, and
degree of stroma representation in the tumor.
Various expression parameters of the tumor in
colorectal cancer were investigated on the paraffin
sections using the immunohistochemical assay
according to the standard procedure. The following
antibodies were used in the investigation: Anti-
Beclin 1 antibody ab 62472 Abcam (polyclonal,
1:100), and Rabbit Anti-human m-Tor Antibody
(polyclonal, 1:100). Application of antibodies was
preceded by control reactions with external controls
according to the manufacturer’s instructions. The
expression of Beclin-1 (cytoplasmic expression
in the Golgi complex) and m-Tor (membrane and
cytoplasmic staining) was evaluated as the percentage
of positively-stained cells in the tumor detected per
10 fields of vision at 400x magnification. Along
with quantitative assessment of the studied marker

Figure 4. Moderately pronounced heterogeneous cytoplasmic
expression of m-Tor in colon adenocarcinoma. The
immunohistochemical reaction.
Diaminobenzidine and hematoxylin staining (200% magnification)
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Figure 5. Strongly apparent homogeneous cytoplasmic
expression of m-Tor in colon adenocarcinoma.
The immunohistochemical reaction. Diaminobenzidine
and hematoxylin staining (100% magnification)
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Distribution of the patients according to the number of lymph nodes affected by metastases

Number of metastatic lymph nodes
Up to 4 lymph nodes (N1)
More than 4 lymph nodes (N2)

Table 1
Number of patients (abs.num., %)
39 (88 %)
512 %)
Table 2

A link between the presence of m-Tor expression and the state of regional lymph nodes in the patients
with colorectal cancer

m-TOR expression

in th 11
in the tumor cells NO

1(1.7 %)
58 (98.3 %)

Negative expression
Positive expression

Presence of metastases in the regional lymph nodes
(abs. num., %)

N+
5(108) =44
41 (89.2 %) p=0.04

Table 3

Percentage of Beclin-1 and m-Tor expression depending on the presence of lymphogenic metastases

Presence of metastases

Percentage of m-TOR expression

Percentage of Beclin-1 expression

NO 79.6+25.1 24.5426.1
N+ 67.3+33.9 19.2420.9
F=4.5 p=0.03 F=1.2p=0.2

expression in the tumor, heterogeneity of staining
was investigated at 150% magnification. In cases of
positive marker expression in the tumor cells with
equal staining intensity, the expression was estimated
as homogeneous. Cases where the tumor had regions
with both positive and negative marker expression as
well as regions with different staining intensity were
considered as cases with heterogeneous expression
distribution (Figures 4-5).

The obtained data were processed using “Statistica
10” software. The findings were analyzed with
descriptive statistics and dispersion analysis. To
calculate statistical significance of the differences,
the non-parametric Chi-square test and Spearman’s
correlation coefficient were used. The differences
between the studied variables were considered
statistically significant at p<0.05.

Results

Since the presence of lymphogenic metastases
is one of the key prognostic criteria for the course
of colorectal cancer, we analyzed the frequency of
metastases depending on the parameters of autophagy
marker expression.

Table 1 represents the data on the distribution of
the patients depending on the number of lymph nodes
affected by metastases. In the study, most patients had
less than 4 metastatic lymph nodes; it corresponded to
N1 parameter in the TNM classification.

Analysis of the frequency of lymphogenic
metastasis depending on the presence or absence of
m-Tor expression in tumor cell cytoplasm revealed a
statistically significant link between these variables.
We found that metastases in regional lymph nodes
were more often observed under negative m-Tor
expression in tumor cells (Table 2).
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Moreover, we identified a relationship between
the percentage of the tumor cells with positive
m-Tor expression and the presence of lymphogenic
metastases. In patients with metastatic regional lymph
nodes, lower m-Tor expression in tumor cells was
detected (Table 3).

Following the obtained findings, we found that
the presence or absence of Beclin-1 expression in
tumor cells had no statistically significant link with
the number of metastatic lymph nodes. What is more,
we did not reveal a statistically significant relationship
between the percentage of Beclin-1 expression and the
parameters of lymphogenic metastasis (F=1.2, p=0.2)
(Table 3).

Conclusion

The present study allowed us to identify the link
between the expression features of m-Tor protein and
the parameters of lymphogenic metastasis in patients
with colorectal cancer. Thus, the presence of metastatic
lymph nodes was more frequently registered under
negative expression of the marker in tumor cells.
We revealed that a statistically significant decrease
in m-Tor expression in tumor cells occurred in the
presence of metastases in regional lymph nodes. The
obtained findings clearly exhibit that deceleration or
loss of autophagic activity in the tumor is accompanied
by implementation of lymphogenic dissemination,
which is a predictor of an unfavorable outcome of
the disease.

The expression characteristics of Beclin-1 appeared
to have no relation to the parameters of lymphogenic
metastasis. [t may be explained by less involvement of
this molecular and biologic marker in carcinogenesis
and tumor progression in colorectal cancer.
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HACNEOCTBEHHbIU PAK XXENYOKA AU®®Y3HOIO TUNA:
F’EHETUYECKUE ACMNEKTbI U MPOPUNAKTUYECKASA
TOTAJIbHAA TACTPIKTOMUA

J1.H. NNro64eHko, M.I'. dununnosa, O.A. AHypoBa, .B. Haznues, U.C. Ctunugm

HaumnoHanbHbIi MEOUUNHCKUI nccnenoBaTenbCckmi LeHTp umenn H.H.BrnioxuHa
MuHucTepcTBa 3gpaBooxpaHeHuns Poccuickon ®epepauun, r. Mocksa, Poccus
Poccus, 115478, r. Mockea, Kawwwupckoe wocce, 24. E-mail: clingen@mail.ru

AHHOTauuA

[ns nauneHToB C BbISIBNEHHOW HacneacTtBeHHon myTauuen E-cadherin-1 (CDH1) Tepanuen BbiGopa
ABNSeTcA npodunakTnyeckas racTpakToMUst ANs YyCTPaHEHUst pucka pasBuUTUSt paka Anddy3Horo Tuna.
MpencTaBneHHbIV KNMHUYECKUIA NPUMEP OMNUCLIBAET PedKUI cryyal HacneACTBEHHOrO paka Xernyaka
andgysHoro Tnna (HDGC), accoummpoBaHHoro ¢ MyTauuen B reHe CDH1, BnepBble onncaHHoro B Poccun. B
2013 rogy 28-neTHsiA NauMeHTka Oblinia NoCTaBneHa Ha y4eT B KITMHUYECKO OHKOrEHETUYECKOM nabopaTtopmm
C CeMeNHON ucTopuei paka xenyaka. MonekynspHoO-reHeTUYECKUIn aHanmn3 BbISIBUM HacneACTBEHHYHO
MyTauuto B reHe CDH1. Puck 3abonetb pakoM B TEYEHMWE XU3HW Y MaLMEHTOB C BbISIBMEHHOW MyTauuewn
npesbiwaeT 80 %. MMcTonormnyeckoe nccnegosanHve GroncuinHoro obpasua, Nony4YeHHOro Npu 3HAOCKONNK,
06HapYXM1No N30NMpoBaHHbIE MENKO-KPYrble kneTku B lamina propria. B otaene abgoMuHanbHOM OHKOMOMMm
naumeHTke 6bINo NPOBEAEHO XMPYPrMYeckoe BMELLATENLCTBO: MMMdoamnccekums B 06beme D2 ¢ coxpaHeHem
CeneseHku 1 ToTanbHas racTpakTomus ¢ Roux-en-Y pekoHCTpyKumen ¢ hopMMpoBaHMEM TOLLEKULLIEYHOTO
pe3epByapa.

KnioueBble cnoBa: HacneAcTBeHHbIN pak xenyaka auddysHoro Tuna (HDGC), ren CDH1, racTpakTomusi,
MOREKyJIsipHO-reHeTu4YecKas AnarHocTuka.

HEREDITARY DIFFUSE GASTRIC CANCER: GENETIC
ASPECTS AND PROPHYLACTIC TOTAL GASTRECTOMY

L.N. Lyubchenko, M.G. Filippova, O.A. Anurova, P.B. Nazliev, I.S. Stilidi

N.N. Blokhin Medical Research Center of Oncology,
Ministry of Health of the Russian Federation, Moscow, Russia
24, Kashirskoye shosse, 115478-Moscow, Russia. E-mail: clingen@mail.ru

Abstract

For patients with an identified germline E-cadherin-1 (CDH1) mutation, prophylactic gastrectomy is the
treatment of choice to eliminate the high risk of developing diffuse gastric cancer. The case report describes a
rare case of hereditary diffuse gastric cancer (HDGC) associated with CDH71 gene mutation, which is reported
in the Russian population for the first time. In 2013, a 28-year- old woman was referred to Clinical Oncogenetics
Laboratory with a family history of gastric cancer. Molecular genetic analysis revealed CDH1 gene mutation.
The lifetime risk of cancer in mutation positive members is more than 80. Histological examination of gastric
biopsy specimens obtained during endoscopy revealed isolated signet ring cells in the lamina propria. Spleen-
preserving D2-lymphodissection and total gastrectomy with Roux-en-Y reconstruction with a jejunal reservoir
formation were performed at the Abdominal Oncology Surgery Department.

Keywords: hereditary diffuse gastric cancer (HDGC), CDH1 gene, gastrectomy,
molecular genetic diagnostics.
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Most cases of gastric cancer are sporadic, but
1-3 % cases occur in syndromes with a high hereditary
predisposition to gastric cancer [1]. The most frequent
hereditary gastric cancer is a diffuse type or litinitis
plastica, it is commonly referred to hereditary diffuse
gastric cancer (HDGC). To classify a familial case as
HDGC, the international gastric cancer consortium
(IGCLC) formulates the following criteria: (1) two
or more documented cases of diffuse gastric cancer
diagnosed in first- or second-degree relatives of age
under 50 years old, in one case, at least (2) three or
more documented cases of diffuse gastric cancer in
relatives of the first - or second — degree relatives,
regardless of the age of the disease oneset [2, 3].

HDGC is associated with germinal mutations
in E-cadherin 1 (CDH]I gene), that encodes the cell
adhesion protein E-cadherin [4]. About 25-30 % of
the families meeting the HDGC criteria according to
the criteria of international consortium (Internatinal
Gastric Canser Linkage Consortium — IGCLC) have
constitutional aberrations in CDH1 gene [4]. More
than 100 mutations in CDH 1 gene have been described
now in the families originating from different ethnic
groups [5].

Although there are no major mutational hotspots,
some mutations, including 1003C>T [6-9], 1901C>T
[7, 10, 11], and 1137G>A[7, 11, 12], (2398delC) [7]
have been observed in several unrelated families. The
most common types of mutation are small insertions
or deletions (35 %). The other mutations are missense
(28 %), nonsense (16 %), splice site (16 %), and large
exonic deletions (5 %) [13]. In addition to these major
mutations, two regulatory sequence variants,—160C—>A
[14] and the intron 2 variant 163+37235G>A[15] have
been associated with an elevated risk of DGC, although
these polymorphisms are rarely associated with a strong
familial clustering.

No correlations between the location or type
of germline CDHI mutation and phenotype have
been ascertained. Particularly, there is no obvious
correlation between genotype and the presence of
lobular breast cancer in HDGC families [16]. However,
somatic CDHI mutations in sporadic DGC are
predominantly splice site mutations resulting in exon
skipping — particularly of exons 8-9, whereas most
CDH1 mutations identified in sporadic lobular breast
cancer result in premature stop codons [17, 18].

The CDH1 gene mutations originated de novo, are
also identified in sporadic cases of early gastric cancer,
at least, in 4 % of the patients with manifestation age
under 35 years. Germinal mutations in the CDH1 gene
have a high penetrance: cancer risk throughout the life
is 67 % in men and 83 % - in women. The average
age at diagnosis is 38-40 years old, it varies from 14
to 85 years old [19].

The female patient of 28 years old was consulted
on familial history of gastric cancer cases among
her young relatives (Figure 1). The study of
familial anamnesis followed by molecular genetic
analysis - determination of CDHI gene sequence
encoded suppressor E-cadherin, involved in
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HDGC carcinogenesis was performed at Clinical
Oncogenetics Laboratory.

PCR analysis of DNA isolated from peripheral
blood lymphocytes followed by conformation-
sensitive gel electrophoresis and sequencing has
revealed a germinal mutation c.1005delA - deletion
in exon 7 of CDHI gene, resulting in open reading
frame shift.

Conclusion: given the high penetrance of CHD1
gene, lifetime gastric cancer risk is 80 %. Risk of
infiltrative lobular breast cancer risk is much higher
(60%) than the common population risk. The risk of
colon cancer is also significantly higher than common
population risk. This points to the need for dynamic
follow up in N.N. Blokhin Medical Research Center
of Oncology.

The risk of the germinal mutation inheritance
by first-degree relatives is 50 %. According to the
recommendations on gastric cancer of the IGCLC, a
total gastrectomy is justified as a preventive measure.
Ultrasound, CT, mammography and/or MRI of the
breast; consultations of geneticist, gastroenterologist,
mammologist, proctologist, nutritionist; DNA - diag-
nostics in first-degree relatives are recommended for
follow-up of patients.

A planned EGDS, which was performed simul-
taneously with the molecular genetic study de-
tected a gastric tumor in its antral part. Biopsy also
revealed gastric tumor — isolated signet ring cells in
mucosa of lamina propria. For further examination
and treatment, the patient was hospitalized at the
Abdominal Oncology Surgery Department. Total
gastrectomy with Roux-en-Y reconstruction with
formation of jejunal reservoir and D2 limphodis-
section were performed on 14.03.2013. Histological
verification and immunohistochemical examination
of the surgical material obtained on 05.04.2013
confirmed the invasive ring-cell gastric cancer of the
pyloric part within mucous membrane own plate - early
gastric cancer of 0.9x0.2x0.1 cm, without vascular
invasion and without metastases (Figure 2, 3). The
Her2-neu overexpression was not detected («0»), the
proliferation index Ki 67 was about 22 %.

This patient was monitored for 60 months. In the
first 6 months there was a moderate weight loss and
dumping syndrome of moderate severity, which were
then compensated. According to clinical examination
from 20.03.2018, no progression was observed.

Discussion

The patient pedigree represents a rare case of
families that fully meets the HDGC criteria (Figure 1).
Germinal mutation 1005delA in 7 exon of CDHI
gene, which the patient most likely inherited from
her mother, was described in Russia for the first time
[20]. Molecular genetics testing of available relatives
for CDH1 1005del A mutation was performed for the
first- and second-degree siblings (IV-2, 1V-3); the
mutation was not detected.

Thirty-eight publications on gastrectomy in carriers
of CDHI gene mutations were summarized. From

49



CLINICAL STUDIES

1

26
2
3

e e

. — HDGC

1 3
48 4

]}

1 2 3 4
V28 18 Q 20 b

1| mtCDH1 2  wtCDH1 3 wtCDH1 4

1005delA

5

Vv

2

Figure 1. HDGC pedigree of proband.
mtCDH1 — CDH1 1005delA mutation
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Figure 3. Signet ring cells carcinoma

the 169 patients, the symptoms at the preoperative
stage were absent in 106 (62.7 %) cases. Diagnosis
of HDGC was confirmed in 21 (12.4 %) patients
before operation, there were no data for 42 patients.
According to postoperative histological examination,
ring-cell cancer was detected in 147 (87 %) patients
and it was not revealed in 17 patients only [21]. Similar
data were obtained in a recent study that described
postoperative outcomes of total gastrectomy in 41
patients. Thirty-five patients (85 %) demonstrated 1
or more foci of intramucosal signet ring cell gastric
cancer in the examined specimen [22].

Laparoscopic total gastrectomy with jejunal
pouch reconstruction as a novel approach that may
be especially suitable in these patients have been
performed by the surgeons from the Netherlands. A
total of 11 patients with a median age of 40 (22-61)
years were included. The 60-day mortality rate was
0 %. Multiple foci of intramucosal diffuse gastric
signet ring cell carcinoma were found in the resection
specimen of 9/11 (82 %) patients. All 11/11 (100 %)
resections were microscopically radical. Thus,
they proved that prophylactic laparoscopic total
gastrectomy with jejunal pouch reconstruction in
patients with a CDHI germline mutation is feasible
and safe [23]. In gastric cancer, laparoscopic total
gastrectomy showed diminished blood loss, fewer
postoperative complications, and shorter postoperative
hospital stay [13]. This technique may therefore be
especially suitable for prophylactic surgery [24].

This is a rare clinical case, when the diagnosis
of HDGC was confirmed during routine EGDS with
dynamic follow-up based on a family history and young
age of disease onset in affected patient relatives.

However, the published data show that in most
cases, ring-cell cancer remains undiagnosed even by
repeated EGDS and biopsies. Two-year survival of the
patients without any symptoms before gastrectomy
was 100 %, it was 40 % among the patients with
HDGC revealed before surgery [25].

High risk (>80 %) of HDGC occurrence, insufficient
effectiveness of the regular EGDS and the proof of
the microscopic foci with ring-shaped cells in all the
CDH|1 gene mutation carriers with family histories fully
justifies preventive gastrectomy in this group [21, 25].

The optimal age of preventive gastrectomy in such
patients is under discussion. The following aspects
should be taken into account. Prophylactic gastrectomy
is not warranted before the final body formation, at
least, up to 20 years old. However, the patients with
detected signet ring cell carcinoma at the age of about
40 years old, have only 10 % chance of the favorable
disease course [26].

Mortality associated with preventive gastrectomy
varies from 0 to 6 %. Mortality rate among young
patients without symptoms before surgery is less than
1 %. Thus, prophylactic gastrectomy is recommended
for carriers of CDHI gene mutations with family
accumulation of HDGC, taking into account the high
disease risk during their life, late clinical detection and
unfavorable prognosis.
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AHHOTauuA

Llenb nccneaoBaHusi — OLEHNTbL YAcTOTY BCTPEYAEMOCTHM NaTtoreHHbIX myTauun B BRCA1 reHe y XXeHLWnH
C pakoM MOFOYHOW xenesbl, Npoxusalwmx B Poccun. Matepuan n metoabl. [TpoBeaéH aHanv3 nonHom
kogupytowen yactm reHa BRCA1 y 445 GonbHbIX pakoM MOMOYHON Xenesbl Ha paHHewn ctagmu (Bo3pacT
6onbHbIX 00 40 net), npoxmBatoLmx B HoBocnbupckon obnactu (Poccus), ¢ NOMOLLbIO MeToAa TapreTHOro
cekBeHMpoBaHus Ha nnartdgopme lon Torrent. Pesynbrathl. BeisiBneHo 40 (9 %) HOcUMTENbHUL, pasnnyHbIX
natoreHHbix myTauuin. Y 35 (7,9 %) naumeHTok obHapyxeHa MyTtaums 5382insC, onucaHHas paHee Kak
«MyTauus-ocHoBaTens» B criaBaHckow nonynaumn. Y 5 (1,1 %) naumeHTok 6binu BbISBNEHbI Apyrue pasnmy-
Hbl€ NMaToreHHble MyTaumm, a uMeHHo C61G, 462delCC, E143X, 4153delAn IVS18 + 1G> T. Kpome Toro, 29
reHETUYECKMX BAPUAHTOB C OTCYTCTBYHOLLEN UMM HESICHON KIMMHUYECKOW 3HAYMMOCTBIO Obinv 0BGHapyXeHbl
B reHe BRCA1 y 445 GonbHbIX pakoM MOSOYHOW >Kenesbl Ha paHHen ctaamu. BeiBoapl. [NonyyeHbl AaHHbIe
0 YacToTe reHeTnyeckux sapvaunii reHa BRCA1 y 60mnbHbIX pakoM MOIOYHOW XXenesbl Ha paHHen ctaguu,
npoxwmeatowwmx B Hosocnbupckon obnactu (Poccus). Qons mytaumm 5382insC coctaensiet 87,5 % ot Bcex
naTtoreHHbix myTaumn B reHe BRCA1, o6HapyXeHHbIX y NauneHTOoK.

KnioueBble cnoBa: reH BRCA1, myTauus, pak MOJIOYHOM Xerne3bl B MOJIOAOM BOo3pacTe,
HacneAcTBEHHbIN pakK, CEeKBeHUPOBaHWe criedyoLero NoKoseHus, TapreTHoe CeKBEHUpoBaHue.

#=7 AHncumeHko Makcum CepreeBud, jocus@bk.ru
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Abstract

Aim of the study. Aim of the study was to estimate the occurrence of pathogenic mutations in the BRCA1
gene in Russian breast cancer patients. Material and methods. Complete coding sequence of the BRCA1
gene of 445 early onset breast cancer patients (under 40 years) from Novosibirsk region (Russia) were
analyzed by targeted Next Generation Sequencing (NGS) using lon Torrent platform. Results. Forty (9%)
carriers of various pathogenic mutations were revealed. Thirty five (7,9%) patients carried 5382insC mutation,
described earlier as a founder mutation for Slavic population. Five (1.1%) patients carried various pathogenic
mutations, namely C61G, 462delCC, E143X, 4153delA, and IVS18+1G>T. Besides, 29 genetic variants with
no clinical significance or with unknown clinical significance were detected in BRCA1 gene among 445 early
onset breast cancer patients. Conclusions. Data on the frequency of genetic variations in the BRCA1 gene
among early onset breast cancer patients in the Novosibirsk Region (Russia) were obtained. Proportion of
the 5382insC mutation is 87.5% of all pathogenic mutations in the BRCA1 gene found in patients.

Keywords: BRCA1 gene, mutation, early onset breast cancer, hereditary cancer, NGS, targeted sequencing.

Introduction

Hereditary factors account for up to 10% of all breast
cancer cases [1]. A significant part of the hereditary
forms of breast cancer is caused by mutations in
the BRCAI and BRCA2 genes. The likelihood of a
malignancy during the lifespan for BRCA 1/2 mutation
carriers is very high (up to 90%) [2].

Several studies demonstrated the prevalence of
BRCA1 5382insC mutation among breast/ovarian cancer
patients in Russia [3—5]. Frequency of 185delAG, C61G,
and 4153delA mutations is significantly less compared
to 5382insC, the frequency of other mutations in BRCA 1
gene remains unexplored [6, 7]. However, there are no
exact figures regarding frequency of BRCA 1 mutation
in Russian population and among cancer patients, these
data can be useful for screening programs and/or for
placing objectives on the mutation analysis guidelines.
According to our previous results, population study can
reveal only frequent mutations (as BRCA1 5382insC),
only single cases of other frequent mutations can be

54

found even in large (about 8000) population samples [§].
Early onset cancer patient’s cohort contains increased
proportion of hereditary cancer cases, so analysis of
this group can provide information on the spectrum
and frequencies of pathogenic mutations in population.
This information can be of value for the guidelines for
the analysis of mutations among Russian citizens. In
this study, we analyzed a complete coding sequence of
BRCAI gene of 445 early onset breast cancer patients
from Novosibirsk region with the aim to estimate the
occurrence of pathologic mutations in the BRCA gene
in Russia.

Material and Methods

Blood samples were collected from 445 breast
cancer patients of the Novosibirsk Regional Oncology
Clinic between April 2013 and June 2016. The age of
the patients at the time of diagnosis was from 19 to
40 years.

DNA was isolated from the blood samples using
RealBest extraction 100 Kit (Vector-Best, Russia).

Analysis of the complete coding sequence of the

SIBERIAN JOURNAL OF ONCOLOGY. 2018; 17(4): 563-58
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Figure 1. Frequency of the BRCA1 5382insC mutation in early onset breast cancer patients,
unselected breast cancer patients, and in general population of Novosibirsk city

BRCAI gene (22 exons, 5592 bp) was performed by
targeted sequencing on lonTorrent platform. All exons
with adjacent intron regions (20—80 bp) were completely
covered with 68 amplicons (140—190 bp). Primers were
designed by using lon AmpliSeq Designer and Primer 3
software. The primer pairs were combined into 3 pools.
Three multiplex PCR reactions were used to amplify
the 68 selected fragments. Multiplex reaction products
were combined and purified using Agencourt AMPure
XP magnetic beads (Beckman Coulter, USA). The
amplicons were ligated with bar codes and A/P1 adapters.
Then enrichment was carried out with the primer pair
complementary to adapters A and P1. Concentration of
the purified enriched amplicons was measured using
Qubit dsDNA HS Assay kit on the Qubit 3.0 fluorimeter
(Life Technologies, USA). The normalized DNA
libraries were then amplified by emulsion PCR using
Ion PGM Hi-Q OT2 kit and sequenced using lon PGM
instrument (Life Technologies, USA) according to the
manufacturer’s instructions.

Bioinformatic analysis of the raw data was based
on PRINSEQ technique [9]. The nucleotide sequences
obtained in the analysis were compared with the
reference sequence of the human genome GRCh37/
hgl9 using the BWA-MEM software version 0.7.5
[10]. The search for genetic variants was carried out
using the SAM tools software version 0.1.19 [11].

Results and discussion

Analysis of 445 early onset breast cancer patients
revealed 35 genetic variants in BRCAI gene. Results
of the study are presented in Table 1.

We detected 40 carriers (9%) of various pathogenic
mutations, including 35 carriers (7.9%) of 5382insC
mutation. BRCA1 5382 insC was described as founder
mutation for Slavic population [5]. Five patients
(1.1%) carried pathogenic mutations C61G, 462delCC,
E143X,4153delA, and [IVS18+1G>T (each particular
mutation was found in a single patient in a heterozygote
state). All pathogenic mutations are depicted in bold
in Table 1. According to our previous results, the
frequency of the 5382insC mutation among residents
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of Novosibirsk city is 0.25% [8], the frequency of this
mutation among unselected breast cancer patients in
the Novosibirsk region is 3.6% [12]. Figure 1 shows
the frequency of the 5382insC mutation among
unselected breast cancer patients and in the cohort of
early onset breast cancer patients in comparison with
the frequency of this mutation in general population.

Remarkably, allele frequency of 9 genetic variants
is at least twice higher than the frequency provided
in the database for general population (ExAC or/and
1000 genomes), these variants are marked in italics
in Table 1.

The frequency of three genetic variants has not
assigned in dbSNP yet and are not specified in Table
1. Two of these variants were undisclosed for the
first time. Ermolenko N.A. et al. found the 462delCC
(p.Prol15Terfs) mutation in Russian breast cancer
patients [13].

The obtained data on BRCA ! mutation frequencies
can be the basis for the guidelines for mutation analysis
in various cohort of breast cancer patients (patients
with family history, early onset breast cancer patients
etc.). Indeed, our data indicate the absence of hot-spot
mutation except BRCAI 5382insC, but a very strong
prevalence of this mutation in early onset cancer
patients (87.5 % of all found BRCAI mutations).
A frequency of the BRCAI 5382insC mutation
among non-selected breast cancer patients in Russia
was reported in several studies [4, 12, 14]. Similar
frequency of the BRCAI 5382insC mutation was
reported for Ukranian breast cancer patients [15].

In spite of the high frequency of the BRCAI
5382insC mutation among unselected cancer patients
in Poland [16] the mutation occurrence is more than
two times less than in Russia (1.9 %) and just slightly
higher than the frequency of the mutation C61G
(1.2 %). A frequency of BRCAI 5382insC mutation
in Germany among unselected breast cancer patients
is even less (1%) [17].

Thus, the frequency of the BRCA1 5382C mutation
among unselected breast cancer patients from Europe
is maximal in Russia (3.6—4 %), intermediate in Poland

SIBERIAN JOURNAL OF ONCOLOGY. 2018; 17(4): 563-58
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and Germany (1.9 % and 1.0 %, correspondingly) and
quite rare in France [18] and in Spain [19].

So, this data leads to the logical considerations
regarding the workflow of the BRCA 1 gene mutations
analysis specifically for Russia. The frequencies of
BRCAI gene mutations in Russia dictates the need to
analyze BRCA I 5382insC mutation as the first step of
analysis and, if not found, to analyze a complete coding
region of BRCAI gene. This workflow is in contrast
with the accepted idea to analyze 4—8 mutations
which were ever found in cancer patients with family
history. Moreover, due to the low cost and relative
simplicity analysis of the BRCAI 5382insC mutation
can be offered to all breast cancer patients with and
without family history since a number of publications

demonstrate a limited significance of family histo
n the present stlilc]ly. 8 Y Y
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AHHOTauuA

BBeageHue. BHyTpuronyxonesas reTeporeHHoCTb NpeacTaBnsieT cobol xapakTepHyto 4epTy 6onbLUNHCTBA
3r10Ka4YeCTBEHHbIX HOBOOOpa3oBaHuWiA, B TOM YNCIe N MeNaHOMbI KOXW. [JaHHOe CBOMCTBO SIBNSIETCS O4HUM
13 NpenaTcTBUI AN NpoBeaeHUs 3hEKTUBHON TapreTHON Tepanuu, NOCKOmbKY Y pasnuyHbIX CyOKNOHOB
OnyxorneBbIX KNeTok Habntogaetcs BapmabenbHas YyBCTBUTENLHOCTL K AaHHbIM npenapaTtaM. C coBpeMeH-
HbIX NO3ULIMIA TEpPanUs 3roKka4YeCcTBEHHbIX HOBOOOpa3oBaHuMii TpebyeT NnepCcoHNULIMPOBAHHOIO Noaxoaa anst
Ka)X[oro KOHKpPEeTHOro nauueHTa. Llenb nccnegoBaHus — oLeHKa BO3MOXHbIX Pasnuynii Mexay TKaHsMu
MENaHOMbl, BblAENEHHBIMU U3 Pa3fnMYHbIX Y4acTKOB NEPBUYHONM OMyXOmnu OOHOMO NauMeHTa Ha TpaHCKpun-
TOMHOM ypoBHe. MaTepuan n metoabl. B paboTe 6binn ncnonb3oBaHbl KynbTypbl KNETOK MenaHoMbl, Nony-
YeHHblEe 13 LIEeHTPanbHON 1 Nepudepu4ecKorn YacTen NepBUYHON ONyxonu AByx NauneHToB. iccnegoBaHue
TPaHCKPMNTOMOB KIETOK MPOBOANIIN METOLOM MUKPOYUMMPOBAHUS C Nocneayowmnm 61uonHopMaTnyeckum
aHanu3oM. Pe3ynbTathl. B knetkax MenaHombl NepBoro naumneHTa, NofyyYyeHHbIX U3 LEeHTpanbHOro 1 nepu-
dhepuyecKoro y4acTkoB OAHOWN OMyXoru, He ObINO BbISBIEHO Pa3nUyunii No TpPaHCKPUNTOMHOMY npodunio. Y
BTOPOro NavuMeHTa MMeNn MecTo CyLLeCcTBeHHble pasnuuus (no 2953 TpaHckpuntam n3 48226). B kneTkax,
MONy4YeHHbIX U3 LIeHTparibHOro y4acTka onyxonu, BbisiBrieHo nosbileHne MPHK reHoB, kogupytowwmx 6enku,
accounMpoBaHHbIE C UMMYHHbLIM OTBETOM OMyXOnu, TpaHcnopTHble 6enkn ABC-cemelicTBa, curHanbHble
MOMeKyIbl Knacca UUTOKMHOB. B KynbType KneTok, BblAeNeHHoNM 13 nepudeprnyeckoro y4actka aToM xe ony-
XOnu, 3aperncTpmpoBaHo yBenuyeHne yposHs MPHK reHoB, kogupytolmx 6enkn BHEKNETOYHOro MaTpukca
1 BOCManuTenbHOro oteeta. B uenom pasnuuusa mexagy cyOkrnoHaMu KNeToKk BTOPOro naumeHTa Kacanuch
psifa curHanbHbIX KackaJoB, urparwlumx Begyluyto ponb B oHkoreHesde (MAPK, PI3K-Akt-mTOR, VEGFA-
VEGFR2 v gp). 3akntoyeHue. [poBeaeHHOe MccrefoBaHNe MO3BOMSIET OLEHUTb BO3MOXHbIE pa3nmyuns
MEXIy KNeTKaMu BHYTPU OMyXofiv Ha TPaHCKPUMLIMOHHOM YPOBHE C LIEMbO Moucka HOBbIX NMOAXOAOB Ans
nepcoHMULMPOBaHHON Tepanuun.

KnioyeBble crnoBa: menaHoma, reTeporeHHOCTb, TOAHCKPUNTOM, MUKPOOKpPY>XeHue.
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Abstract

Introduction. Intratumor heterogeneity is a characteristic feature for most malignant tumors, including
cutaneous melanoma. This property represents one of the main obstacles for effective targeted therapy,
due to the different sensitivity to chemotherapeutic agents on various tumor cells subclones. Treatment of
malignant tumors requires an individual approach to choose the most appropriate treatment regimen. The
purpose of the study was to evaluate differences in melanoma tissue samples obtained from different parts
of one patient’s primary tumor at the transcriptomic level. Material and Methods. Melanoma cell cultures
obtained from both central and peripheral parts of the primary tumor of two patients were used in the study.
Results. Subclones from different parts of the first patient’s tumor were similar, whereas the second patient
demonstrated significant differences at the transcriptomic level (in 2953 transcripts out of 48226). In the
cells of the central zone of the second patient’s tumor, an increase in mMRNA of the genes encoding proteins
associated with tumor-specific immune response, as well as ABC-family transport proteins and cytokine
signaling molecules, were noted. In the cells from the peripheral area of the same tumor, a more intensive
transcription of genes encoding extracellular matrix and inflammatory response proteins was observed. Taken
all round, the differences between the subclones of the second patient’s cells were relevant to some signaling
cascades playing a leading role in oncogenesis (MAPK, PI3K-Akt-mTOR, VEGFA-VEGFR2, etc.). Conclusion.
The study allowed evaluation of differences between cancer cells within a tumor at the transcriptional level

in order to search for further approaches to personalized melanoma therapy.

Keywords: melanoma, heterogeneity, transcriptome, microenvironment.

Introduction

Intratumor heterogeneity is a serious problem
in terms of cancer treatment. With the development
of a tumor cell genome, genetically heterogeneous
subclones with different biological characteristics
and variable sensitivity to chemotherapy appear in
the primary tumor [1]. The development of malignant
tumor and its growth is an active evolutionary
process that results in a tumor consisting of cells
with heterogeneous molecular characteristics [2].
This diversity entails the development of resistance
to treatment in cancer patients [3].

The diverse molecular portrait of the cells that form
one tumor can be a result of a set of changes at the
genetic and epigenetic levels [4]. Among such changes,
special attention should be given to differences in
transcriptome profile of the cell. This is due to the fact
that the transcription is a dynamic process that projects
functional cell characteristics and predetermines
different aspects of cells’ biological activity, forming
an individual molecular landscape of the development
of cancer cells’ subclones [5].

The aim of this research is a comparative analysis
of transcriptomic profiles of melanoma cells derived
from different parts of one patient’s primary tumor.

Material and Methods

In the present study we used surgical specimens
of two patients treated at the General Oncosurgery
Department of A.I. Kryzhanovsky Krasnoyarsk Region
Clinical Oncology Center, Krasnoyarsk, Russia.
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The study was approved by the ethical Committee
of Professor V.F. Voino-Yasenetsky Krasnoyarsk
State Medical University (record No. 73/2016
dated 16.12.2016) and the ethical Committee of
A.l. Kryzhanovsky Krasnoyarsk Region Clinical
Oncology Center (record No. 8 dated 14.062.2017).
Patients’ clinical characteristics are shown in Table 1.

Immediately after surgical excision, a tumor
fragment of at least 8 mm® and weighing at least
300 mg was immersed in a tube containing a culture
medium RPMI-1640 (Gibco, Life Technologies,
Paisley, UK) with the addition of 20% fetal bovine
serum (Gibco, Life Technologies, Paisley, UK) and
antibiotic-antimicotic complex: 100 U/ml penicillin
G, 100 pg/ml streptomycin, 0.025 ug/ml amphotericin
B (HyClone laboratories, USA) and was transported
in ice. Two pieces were then aseptically separated
from the tumor tissue: one from the central part of
the tumor and one from the peripheral part of the
tumor. If necessary, the obtained fragments were
mechanically cleaned of necrotic tissue, washed in a
sterile balanced Hanks salt solution (HBSS) (Gibco®,
Life Technologies, Paisley, UK) and crushed by
crossed scalpels.

The obtained tumor fragments were disaggregated
by incubation in 0.25% trypsin solution with EDTA
(Gibco, Life Technologies, Paisley, UK) in an amount
of 1 ml of trypsin for every 100 mg of tissue at +37°C
for 15-20 minutes. At the end of incubation, the
suspension was centrifuged on a centrifuge CLMN-
P10-01-Elecon (“Liston”, Zhukov, Russia) at a speed
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of 1000 rpm for 5 minutes. The obtained cellular
precipitate was resuspended in 5 ml of RPMI-1640
nutrient medium with L-glutamine (Gibco®, Life
Technologies, Paisley, UK), 10% fetal bovine serum
(Gibco®, Life Technologies, Paisley, UK) and a
mixture of antibiotic-antimicotic complex (HyClone
laboratories, USA) and placed in a culture tube, in
which further cultivation was carried out in CO,-
incubator (Sanyo, Osaka, Japan) with 5% of carbon
dioxide, at +37°C. The first change of the nutrient
medium was carried out 48 hours after the beginning
of cultivation after the visual cells” adhesion to the
adhesive surface of the tube. The first cell passage was
carried out 4 days later and subsequent cell passages
were carried out every 3 days of incubation.

To study the transcriptome of melanoma cells
isolated from the central and peripheral parts of the
tumor, the cells were transplanted into a 24-well plate at
a concentration of 2x10° cells/ml. The culture medium
was changed 24 hours after the cells’ adhesion to the
adhesive surface, with a subsequent culturing during
72 hours. At the end cells were removed using 0.25%
trypsin with EDTA, washed in 0.01M phosphate-
buffered saline and then the total RNA was isolated.
RecoverAll™ Total Nucleic Acid Isolation kit (Ambion,
Lithuania) was used for isolation according to the
manufacturer’s protocol. The concentration of purified
total RNA was determined by Qubit® 2.0 fluorimeter
(Singapore) using Qubit™ RNA HS Assay Kit (Ref.
Q32852, Invitrogen™, Eugene, Oregon, USA).

The transcriptome of melanoma cells isolated
from different parts of the tumor was studied using
the GeneAtlas® system (Affymetrix, USA). For
this purpose, 10 ng of purified total RNA were
pretreated with the sample preparation kit titled
GeneChip™ WT Pico Kit (Applied Biosystems™,
Santa Clara, California, USA) in accordance with
the manufacturer’s protocol. Then, molecules were
hybridized to GeneChip™ Human Gene 2.1 ST Array
Strip microchips (Applied Biosystems™, Santa Clara,
California, USA) with the reagents from GeneAtlas
Hybridization, Wash, and Stain Kit for WT Array
Strips (Applied Biosystems™, Santa Clara, California,
USA). After 20 hours of hybridization microchips
were washed and stained with solutions for washing
and staining from the same set in the Fluidic station
of the GeneAtlas® system. The detection of the
microarray results was made in the Imaging station
of this system.

Quality control (QC) of microarray was performed
by the software system automatically due to the
introduction of control RNA molecules into the study
at the stages of sample preparation and hybridization.
The fluorescence data analysis with its transformation
into relative mRNA expression levels was carried out
using the Expression Console (“Affymetrix”, USA).
Transcriptome Analysis Console 3.0 (“Affymetrix”,
USA) was used for statistical processing of microarray
data. The non-parametric t-test ANOVA was used
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for data comparing. The statistical significance in
transcriptomic profile differences was evaluated
after an adjustment to the false discovery rate (FDR)
criterion proposed by Benjamin, Hochberg for multiple
comparisons [6]. The differences were statistically
significant at p,, . <0.05.

To assess the biological significance of individual
genes, the GO (Gene ontology) project databases
were used (https://www.ebi.ac.uk/QuickGO/, last
access 06.11.2017), the analysis of genes’ ontology
of differentially expressed genes was carried out
using Panther 13.1 database. Analysis of the clusters’
biological role based on the microarray results was
performed in the database DAVID 6.8 (https://david.
ncifcrf.gov/home.jsp, last access 10.11.2017).

Results

The analysis of transcriptomic profiles of melanoma
cells obtained from different parts of the first patient’s
tumor (Krsgmu-HS-Mel-CD-T-230317-Centr and
Krsgmu-HS-Mel-CD-T-230317-K) revealed no
differences between them. However, different results
were shown in melanoma cells of the second patient —
Krsgmu-HS-Mel-RI-T-040417-Centr and Krsgmu-
HS-Mel-RI-T-040417-K. Profiles of these cultures

Krsgmu-HS-Mel-RI-T-040417-Centr
B Krsgmu-HS-Mel-RI-T-040417-K

Figure 1. Hierarchical clustering of genes with different levels
of transcription in melanoma cells isolated from the central
part (Krsgmu-HS-Mel-RI-T-040417-Centr) and peripheral part
(Krsgmu-HS-Mel-RI-T-040417-K) of the same tumor
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differed in the level of 2953 transcripts. Out of them,
the level of 1735 transcripts was two or more times
higher, while the level of 1218 transcripts was two or
more times lower in the cells of the central part of the
tumor compared to the cells of the peripheral part of
the tumor (Figure 1).

The transcript levels of genes encoding 42 proteins
were more than 25 times higher, whereas transcripts
of genes encoding 43 proteins were more than 25
times lower in cells from the central tumor part than in
cells from the peripheral part. Proteins with increased
mRNA levels in cells obtained from the central
tumor parts belonged to the proteins responsible for
various intracellular processes, including intercellular
adhesion, transport of ions and metabolites. The most
significant changes were detected in mRNA levels
encoding proteins ABCC2, SNAP25, CCL2, OASI,
MAGEA3, MAGEB2, MAGEAG6, DNER, TPTE,
HLA-DRBS5, DNER. Proteins, in which the mRNA
levels were 25 times lower in cells from the central
tumor part than in cells from the peripheral tumor part,
included intercellular adhesion molecules, extracellular
matrix proteins, growth factors, signal transduction
proteins, apoptotic proteins (NEXN, PPP1R14A,
POSTN, chipboard, B3GALT2, SEMA7A, FGF7,
RIMS1, FBLNS5, SCUBE3, PCDH18, COL1A2,
TNFRSF10D, ADAMTSS, BGN).

Among the transcripts of genes that have a moderate
increase in the level of cells obtained from the central
part of the tumor compared with the periphery of the
tumor (more than 5 times but less than 25 times), 423
transcripts were identified, with a 5-25 fold decrease
in the level of 275 transcripts.

Proteins, which had increased mRNA levels in
cells from the central part of the tumor compared
to its periphery, were represented by the proteins of
the Wnt-signaling cascade, proteins for intercellular
contacts and adhesion, cadherins, regulators of the p53
signaling pathway, molecules of the EGF signaling
pathways, and various cytokines. A similar trend was
observed for the proteins with mRNA levels, which
were lower in the culture of cells obtained from the
central tumor sites compared to its periphery. The most
common were the transcripts of genes of intercellular
adhesion molecules, cadherin: CDH8, PCDHB3,
PCDHB2, EN1, TGFBR1, ACTA2, TCF7L2, EDN1,
PLCB4, SFRP4, and genes encoding proteins
involved in angiogenesis: PRKD1, CRYAB, TCF7L2,
PDGFRB, tissue factor F3.

Compared to the peripheral part of the tumor,
genes’ transcripts with a moderate decrease (a 5-25-
fold) in mRNA levels in the central part represented the
largest group since it contained 1249 altered transcripts
of isolated genes, and 896 transcripts had a 2-5-fold
decrease in mRNA levels. Among the altered gene
transcripts, there were mRNAs of proteins involved
in angiogenesis (the corresponding proteins are
components of the integrin and endothelin signaling
pathways.
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There were identified 950 genes’ transcripts with
slightly elevated levels (more than 2 times, but less
than 5 times) in cells obtained from the central tumor
part compared to its periphery, and a 2-5-fold decrease
was observed in the levels of 750 genes’ transcripts.
Proteins, the mRNA levels of which were elevated in
the cells from the central parts of the tumor compared
to its periphery, were represented by proteins-
participants of the inflammatory response: PIK3CB,
PLA2G4A, CXCLS8, COL14Al, IL1B, NFATC2,
PRKX, PLCG2, CCLS5, RELB, RGS17, NFKBIA,
ARRBI1, GNAI1, PDKI1, as well as T-lymphocytes’
activators: HLA-DQA1, MAP3K1, NFATC2, LCP2.
Proteins of intercellular adhesion, cadherins and
integrins dominated among proteins with a 2-5-fold
decrease in the mRNA levels.

The results obtained showed that the altered genes’
transcripts were the components of 642 signaling
pathways. Among these signaling cascades, we
identified signaling pathways, which included 10
or more proteins, the mRNA expression level of
which was changed according to our findings. The
transcriptomic profile revealed that mRNAs of genes
with the increased transcription level in cells obtained
from the central part of the tumor compared to cells
obtained from the peripheral part of the tumor were
involved into 40 signaling cascades, and mRNAs of
genes with the decreased transcription level were
involved only into 19 signaling pathways (Table 2).

Discussion

Transcriptomic profiling data analysis showed an
increase in mRNAs of proteins, such as: melanoma-
associated antigen-3 and melanoma-associated
antigen B2. A 93.81-fold increase in the mRNA
level of these proteins was observed in the center
of the tumor. According to the literature review
results, these genes are considered to be target genes
recognized by cytotoxic T-cells under antigen-specific
immunotherapy in skin melanoma patients [7].

Differences in the transcriptomic profile were
revealed in ABC transporter proteins family. These
proteins are considered to be associated with the
formation of a multiple drug resistance. The ABCC2
protein mRNA level was 29.9 times higher in the
center of the tumor. It is known that an increase in the
expression activity of this protein on the tumor cells
membrane can result in more intensive elimination of
therapeutic agents from the cell, causing a decrease in
the intracellular drug concentration, which is necessary
for the efficient tumor growth inhibition [8]. This
fact can explain why different tumor subclones yield
a different therapeutic response to the anti-tumor
agent.

A 98.14-fold increase in CCL2 chemokine mRNA
expression in the center of the tumor indicates that
there are different types of immunological reactions
in central and peripheral parts of the tumor. This
protein is known to be actively expressed by tumor-
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Table 1

Characteristics of the studied samples

Code number of the cell cultures, obtained

No Patients’ clinical data N A s— Tumor fragment localization
Patient K., a 30-year-old female, super- Krsgmu-HS-Mel-CD-T-230317-Centr Center
1 ficial i 1 f the righ
cial spreading melanoma of the right Krsgmu-HS-Mel-CD-T-230317-K Peripheral part
lower leg
Patient B., a 64-year-old male, su- Krsgmu-HS-Mel-RI-T-040417-Centr Center
2 rficial di 1 f th
berficial spreacing mefanomma oF the Krsgmu-HS-Mel-RI-T-040417-K Peripheral part

interscapular area

Table 2

Signaling pathways, involved in the regulation of differentially altered genes, according to the
transcriptome analysis in the cell culture, obtained from different parts of the tumor

Number of transcripts
increased in the central
tumor part compared to

the peripheral one

Signaling pathway *

Nuclear Receptors Meta-Pathway 33
miR-targeted genes in lymphocytes 27
Retinoblastoma (RB) in Cancer 26
Cell Cycle 19
Circadian rythm related genes 19
PI3K-Akt Signaling Pathway 17
MAPK Signaling Pathway 17
Ectoderm Differentiation 17
Endoderm Differentiation 17
Mesodermal Commitment Pathway 15
VEGFA-VEGFR?2 Signaling 15
Pathway
Chemokine Signaling Pathway 15

Number of transcripts
decreased in the central
tumor part compared to

the peripheral one

Signaling pathway *

miR-targeted genes in lymphocytes 37
miR-targeted genes in muscle cell 36
Focal Adhesion-PI3K-Akt-mTOR- 27
signaling pathway
Focal Adhesion 21
Mesodermal Commitment Pathway 20
MAPK Signaling Pathway 19
Wnt Signaling Pathway 14
ESC Pluripotency Pathways 14
Vitamin D Receptor Pathway 13
Regulation of Actin Cytoskeleton 13
miR-targeted genes in leukocytes 10
EGFR1 Signaling Pathway 10

* This table shows a total of 15 signaling pathways for both increased and decreased transcripts with the largest number of mRNAs involved into the

signaling cascade.

associated macrophages, as well as by tumor cells
themselves. In addition, the biological effect of this
protein correlates with its concentration in the tumor
tissue: at high concentrations of CCL2, a stimulation
of classically activated M1 macrophages takes place,
and a cytostatic effect in tumor cells occurs, whereas
at low concentrations of CCL2, an accumulation of
already alternatively activated M2 macrophages in the
tissue takes place, which produces an inverse effect
and induces an enhanced proliferation activity of the
tumor cells [9].

The proteins whose mRNA levels were more than
25 times lower in the center than in the peripheral
part of the tumor were mainly proteins-components of
extracellular matrix. This fact can be due to a higher
level of stromal components in the peripheral part
of the tumor than in its central part. The change of
the expression profile corresponds to data obtained
from colorectal cancer research that reported the
predominance of proteins forming components of
extracellular matrix: collagens, tissue inhibitors of
matrix metalloproteins (COL6A3, COL1A2, POSTN,
TIMP2 and others) at the peripheral part of the tumor
[10].
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Among both increased and decreased gene
transcripts in the central part of the tumor in
comparison with its periphery, there were mRNAs,
coding proteins that were components of the Wnt
signaling pathway. The components of the Wnt
signaling pathway are known to take part at all stages
of skin melanoma development. For example, the
transcription of a well-known c-myc oncogene whose
enhanced expression is characteristic for various
neoplasms, including melanoma of the skin, is induced
by means of the B-catenin signaling cascade [11], the
gene expression of negative regulators of a canonical
Whnt signaling pathway being often suppressed. For
example, the production of Dkk-1, 2 and 3 that inhibit
the B-catenin signaling cascade by means of binding
with co-receptor LRP5/6 is significantly reduced or
absent in melanoma cells [12].

The transcriptome profile revealed that, mRNAs
of genes with the elevated transcription level in cells
obtained from the tumor center were involved in 40
signaling cascades, whereas mRNAs of genes with
decreased transcription level were involved in only 19
signaling pathways. According to the bioinformatics
analysis data, mRNA profile changes in melanoma
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cells obtained from both the central and peripheral
parts of the tumor affected genes-components of
signaling pathways traditionally associated with
cancerogenesis (MAPK, PI3K-Akt-mTOR, VEGFA-
VEGFR2, Focal adhesion, Wnt signaling pathway).
Proteins of the MAPK signaling cascade are one of the
key targets in skin melanoma therapy although many
patients suffering from metastatic melanoma showed
acquired resistance to MAPK inhibitors.

One of the major mechanisms of MAPK-inhibitor
resistance formation is the realization of the intratumor
heterogeneity phenomenon. High plasticity of
melanoma cells provokes both a clonal evolution of
genetic resistance (for example due to a mutation in
genes that code components of the MAPK or PI3K/
AKT/PTEN signaling cascades) and an appearance of
cel phenotypes that are functionally and metabolically
resistant to various therapeutic agents [13]. Thus,
melanoma cells, like ‘a moving target’, drift among
different metabolic influences, cell cycles and states
of cell differentiation, this projecting a high dynamical
potential for adaptation to exogenous stress factors
including medicaments.

Among the altered transcripts, there were mRNAs
coding proteins responsible for the interaction
between mRNAs and their genes-targets in different
cells: lymphocytes, myocytes, and epithelial cells.
This is consistent with the fact that mRNAs can act
as paracrine and autocrine regulators of a biological
behavior of the tumor micro-environment [14].

The changes in the mRNA profile in melanoma cells
originated both from the center and the periphery of
the tumor showed dysregulation of VEGFA-VEGFR2
signaling pathway, which took part in melanoma
pathogenesis; the up-regulation of this signaling
pathway proteins maintained a proliferation activity
of melanoma cells [15].

The expression of mRNAs, coding THBS1 and
SPARC proteins, was significantly lower in cells
obtained from the center of the tumor than in cells
obtained from the peripheral part of the tumor. These
genes are components of autophagy signaling pathway,
and according to previous reports, they can take
part in a chemoresistance formation associated with
autophagy [16].

At the same time, for the cells obtained from the
tumor central part, some unique signaling pathways
were determined (Cell Cycle, Circadian rhythm
related genes) which were not determined for the cells
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obtained from the tumor peripheral part. The change
of an expression profile of Circadian rhythm genes
is known to be an early occurrence in case of skin
melanoma and is connected with the involvement of
tumor microenvironment into this process [17].

A special role is given to melatonin that prevents
DNA potential damage and can provide an endogenous
enzymatic system to protect from oxidative stress
by means of growth factor regulators and through
activating some antioxidant enzymes, such as
superoxide dismutase and catalase. Besides, melatonin
in pharmacological concentrations suppresses
proliferation of the melanoma cells [18].

For the tumor periphery cells, there were determined
signaling cascades that were not characteristic for the
cells from central part of the tumor: miR-targeted genes
in leukocytes, Vitamin D Receptor Pathway, Regulation
of Actin Cytoskeleton. Apart from calcium metabolism
regulation, vitamin D3 active forms are also known to
have an anticarcinogenic effect, whereas alterations
in vitamin D signaling, including both D3 activation
and inactivation, as well as expression and activity of
the corresponding receptors, influence the melanoma
progression and the outcome of the disease [19].

Conclusion

Cells obtained from the central part of the tumor
demonstrated the increased mRNA levels of genes
indicating a high sensitivity of cells to immunotherapy;
in particular, these cells were characterized by enhanced
expression of CT-antigens, as well as MAGE-A3 and
MAGE B2 genes. These genes were considered to be
gene-targets detected by cytotoxic T-cells in antigen-
specific immunotherapy of melanoma patients.

Melanoma cells derived from the peripheral part of
the same tumor, had increased level of mRNA genes
coding an extracellular matrix and inflammation-
related proteins. According to bioinformatic analysis,
the changes in the mRNA profile in the melanoma cells
from the tumor periphery were observed in genes-
components of the signaling pathways that took part
in the antioxidant response. This fact suggested that
the peripheral part of the tumor was more sensitive to
antioxidant therapy.

Thus, the study results showed a difference between
melanoma cells obtained from various parts of the
primary tumor at the transcriptomic level. This fact
should be taken into consideration when administering
anticancer therapy.
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AHHOTaUuA

BBeaeHue. OpdheKTMBHOCTL NPOTMBOPAKOBOIO JIEHYEHNS 3aBUCUT OT Bronormveckmx akTtopoB OMyxoru.
Llenb nccnepgoBaHus — onpegennTb akTMBHOCTb MPOTEACcOM U KarnbManHOB U BbISIBUTb UX CBSA3b C COAEPKa-
Huem VEGF, HIF-1a n NF-kB B onyxoneBbiX, HEM3MEHEHHbIX 1 MeTacTaTUYECKUX TKaHAX KapLMHOMbI MOYeK
(RCC). Matepuman u meToabl. B ccnenosaHue 6binu BkoYeHb! 93 naumeHTa ¢ No4e4YHO-KNETOYHbIM PaKOM.
CopaepxaHue TpaHcKpUnUMoHHbIX dhakTopoB 1 VEGF onpegensnu metogom MOA. KonnyecTBeHHbIN cocTaB
npoTeacom uccrnegoBany Metogom BectepH-6noTTUHE AKTMBHOCTb NPOTEACOMbI U KanbhnanHa onpeaensnm
C ucnonb3oBaHWEM crneumduyeckoro dnooporeHHoro cyberpata. PesynbTrarbl. BhisiBneHa nHakTuBauus
npoTeonuaa y nauneHToB ¢ pakoM no4ku. MNporpeccupoBaHmne 3aboneBaHns Obio CBS3aHO CO 3HAYUTENbHbIM
CHV)XXEHMEM YPOBHS KIIETOYHOTO MPOTE0NN3a 1 POCTOM COAEPKaHWS TPAHCKPUMLIMOHHBIX M POCTOBbIX (DaKTOpOB
B TKaHsIX NepBMYHOM onyxonu. AKTMBaums npoteonuaa beina obHapyKeHa B MeTacTaTU4eckmx TkaHsx. Bbi-
BoAbl. B pe3ynsrate npoBeaeHHOro nccrnegoBaHns nokasaHo, 4to daktopsl TpaHckpunumm NF-kB, HIF-1a,
VEGF 1 BHYTPUKIETOYHbIE MPOTEONUTUYECKME CUCTEMBI YHACTBYIOT B NMPOrPECCMPOBAHUN paKa NMoYKN.

KnioueBble cnoBa: pak noyku, metactasbl, NF-kB, HIF-1a, VEGF.

IMPACT OF TRANSCRIPTION FACTORS, VEGF AND
PROTEASES ON KIDNEY CANCER PROGRESSION
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Abstract

Introduction. The efficacy of anticancer treatment depends on biological factors of tumor. The aim of the
study was to determine the activity of proteasomes and calpains and to reveal their association with VEGF,
HIF-1a and NF-kB expressions in normal, primary and metastatic renal cell carcinoma (RCC) tissues.
Methods. Ninety-three patients with renal cell carcinoma were included into the study. The expression levels
of transcription factor and VEGF were measured using ELISA kits. The levels of proteasome subunits were
measured by Western Blotting. Proteasome and calpain activities were determined using specific fluorogenic
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substrates. Results. We revealed inactivation of proteolysis in patients with kidney cancer. Disease advance
was associated with a significant depression of cellular proteolysis and increase in transcription and growth
factor levels in primary kidney cancer tissues. The proteolysis activation was found in metastatic tissues.
Conclusions. Our results suggest that NF-kB, HIF-1a and VEGF transcription factors and intracellular
proteolytic systems are involved in kidney cancer progression.

Keywords: renal cell carcinoma, metastasis, NF-kB, HIF-1a, VEGF.

Introduction

Kidney cancer is among the cancers that have the
highest growth rate and it is known as the most deadly
urinary tract caner [1]. In the past years, there has been
an increased understanding of the tumor biology of
renal cell carcinoma (RCC) [2—4]. Hypoxia-inducible
factor (HIF-1) is a heterodimeric transcription factor
consisting of an alpha and beta subunits. Hydroxyla-
tion of proline and asparagine residues in HIF-1a re-
sults in their binding to the von Hippel-Lindau protein
(pVHL), and is followed by HIF-1a polyubiquitination
and degradation in the proteasome [5, 6]. The HIV
activation results in vascular endothelial growth factor
(VEGF) production [3].

NF-«B is the key transcription factor that controls
the transcription of 150 target genes [7]. The process-
ing of p105 and p100 (NF-«xB precursors) is mediated
by the proteasome pathway [8]. The active form of
the NF-kB transcription factor is p65/p50 heterodim-
ers [9-12]. It is known that NF-kB can regulate the
HIF-1a level [13].

Proteolysis is one of the mechanisms for regulation
of NF-kB and HIF-1a transcription factors, and the
proteasome and calpain systems are the most possible
factors to be involved. Proteasome is the multicatalytic
complex that consists of the catalytic core (20S) with
one or two regulatory particles attached to it [ 14]. Both
the 20S and 26S proteasomes may be divided into two
large groups of immune and constitutive forms that
consist of either constitutive (B1B2p3B4B5p6B7) or im-
mune (LMP2, LMP7, MECL-1) subunits, respectively
[15-19]. Calpains belong to the calcium-dependent
proteases [20]. The calpain activity is implicated in
several fundamental physiological processes, includ-
ing cytoskeletal remodelling, cellular signalling,
apoptosis, and cell survival [21-25].

A decrease in HIF-10 degradation in the presence
of proteasome inhibitors or under hypoxia leads to
a significant increase in both VEGF and its mRNA
expression in tumor cells [26, 27]. Moreover, calpains
were shown to be involved in HIF-1a destruction [5].
Activation of NF-«B is effected by proteasomes. The
key moment of NF-kB activation belongs to breaking
the ties between the transcription factor and repressor
protein known as [-xB [8, 11]. Currently, even greater
significance is attached to the investigation on the
participation of calpains in [-kB destruction [28]. The
additional mechanism in NF-kB regulation serves the
NF-kB protein forming from precursors, which are
mediated by proteasomes through the modification
of p105 protein [29].
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Our preliminary data showed the role of proteolytic
regulation in kidney cancer progression [18]. The aim
of our study was to determine the proteasome and
calpain activities in normal, primary and metastatic
human RCC tissues and to reveal their association with
VEGF, HIF-1a and NF-kB expression levels.

Material and Methods

A total of 93 patients with RCC were treated at
the Cancer Research Institute of Tomsk National
Research Medical Center, Russian Academy of Sci-
ences, Tomsk, Russian Federation (mean age 57.6 +
2.2 years). Localized RCC (T1-3NOMO) was revealed
in 50 patients. Forty-three patients had metastatic
RCC (T2-4N0-1M1). All patients with localized RCC
underwent surgery (partial nephrectomy or simple
nephrectomy). Diagnosis verification and cancer stage
estimation for patients with metastatic RCC included
the biopsy analysis. The combined modality treatment
included pre-operative pazopanib targeted therapy
administered at a dose of 800 mg every day for 2
months. After completion of therapy, tumor response
was evaluated according to the RECIST criteria, and
radical nephrectomy was performed.

The study was approved by the Local Committee
for Medical Ethics and all patients provided writ-
ten informed consent. Specimens were reviewed by
two pathologists separately. Normal, malignant and
metastatic tissue samples taken at a distance of not
less than 2 cm from the tumor border were used. The
frozen samples were stored at -80°C.

Preparation of tissue homogenates. Tissue samples
(100 mg) were homogenized and then resuspended in
300 pL of 50 mM Tris-HCI buffer (pH=7.5) contain-
ing 2 mM ATP, 5 mM MgCl,, 1 mM dithiothreitol, 1
mM EDTA, and 100 mM NaCl. The homogenate was
centrifuged at 10000xg for 60 minutes at 4°C.

Proteasome fractiation. All procedures were car-
ried out at 4°C. Proteins from tissue homogenates
were fractionated with stepwise concentrations of
ammonium sulfate [30]. The fractions were assayed
for the proteasome activity.

Proteasome activity assay. Chymotrypsin-like ac-
tivity of the total proteasome, 26S and 20S pools was
measured in cancer, metastatic and non-transformed
tissue homogenates, and in the proteasome fractions,
using the fluorogenic substrate N-Succinyl-Leu-Leu-
Val-Tyr-7-Amido-4-Methylcoumarin (Suc-LLVY-
AMC) in a Hitachi-850 (Japan) fluorimeter at an
excitation wavelength of 380 nm and an emission of
440 nm [31]. The 20S proteasome activity solution
contained 20 mM Tris-HCI (pH=7.5), 1 mM dithio-
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threitol, and 30 uM Suc-LLVY-AMC. The 26S protea-
some activity solution additionally contained 5 mM
MgCl, and 1 mM ATP. The reaction was carried out
for 20 minutes at 37°C and then was stopped by the
addition of 1 % sodium dodecyl sulfate. We used the
proteasome inhibitor MG-132 to estimate the influence
of other proteases.

Calpains activity assay. The calpains activity was
performed in tissue homogenates using the fluorogenic
substrate N-Succinyl-Leu-Leu-Val-Tyr-7-Amido-4-
Methylcoumarin (Suc-LLVY-AMC) in a Hitachi-850
(Japan) fluorimeter at an excitation wavelength of 380
nm and an emission of 440 nm [32]. The calpains activ-
ity solution contained 100 MM Tris-HCI (pH=7.3), 145
MM NaCl and 30 uM Suc-LLVY-AMC. Incubations
were performed at room temperature for 30 minutes
in absence or presence of 10 mM CaCl, and N-Acetyl-
L-leucyl-L-leucyl-L-norleucinal (calpain inhibitor I).

Electrophoresis. SDS-PAGE was used, according
to the method of Laemmli [33]. The samples were
incubated for 5 to 10 min in 62.5 mM Tris-HCI buf-
fer (pH 6.8), containing 2.0 % (w/v) SDS, 5.0 % (v/v)
mercaptoethanol, 10 % (v/v) glycerol, and 0.0012 %
Bromophenol blue.

Western Blot Analysis. After SDS-PAGE, the gels
were allowed to equilibrate for 10 min in 25 mM
Tris and 192 mM glycine in 20 % (v/v) methanol.
The protein was transferred to 0.2-/xm pore-sized
PVDF membrane (GE Healthcare, UK), ecither at
150 mA or 100 V for 1 h by using a Bio-Rad Mini
Trans-Blot electrophoresis cell according to the
method described in the manual accompanying the
unit. Before incubation with antibodies the PVDF
membrane was incubated in 10 mM Tris-HC1 buf-
fer (pH 7.5), containing 150 mM NaCl and 0.1 %
(v/v) tween-20 for 2 hours. Then it was incubated in
a 1:2500 dilution of monoclonal mouse anti-human
aloa2a3aSa6a7, LMP7(Santa Cruz, USA), Rpt6
(Enzo Life Science, USA) and of polyclonal rabbit
anti-human LMP2, PA28[ (Santa Cruz, USA) at 20 °C
for 1 h, followed by three consecutive washes in the
10 mM Tris-HC1 buffer (pH 7.5), containing 150 mM
NaCl. PVDF samples were incubated in Amersham
ECL western blotting detection analysis system ac-
cording to the method described in the manual accom-
panying the unit and then were exposed to ECL-films
(Amersham, USA). The results were standardized
using the beta-actin expression in a sample and were
expressed in percentages to the proteasome subunits
content in non-transformed tissues. The expression of
proteasome subunit in normal non-altered tissue was
indicated as 100 %.

VEGF, HIF-10.and NF-xB (p65 and p50) determi-
nation. The pellets left after preparing tissue homoge-
nates were resuspended in 50 pL of 50 mM Tris-HCI
buffer (pH=7.5) containing 2 mM ATP, 5 mM MgCl,,
1 mM dithiothreitol, 1 mM EDTA, and 100 mM NacCl
and then centrifugated at 14000xg for 10 minutes at
4 °C. HIF-1a and NF-xB (p50 and p65) expression
were measured with Caymanchem ELISA kits (USA)
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in Anthos 2020 ELISA-microplate reader (Biochrom,
UK). Nuclear extracts were prepared and purified ac-
cording to manufacturer’s instructions.

Statistical analysis. Statistical analysis was per-
formed using SPSS 19.0 software. Data were ex-
pressed as median (interquartile ranges). To evaluate
the difference, either the Student t test or the Mann-
Whitney test was applied. Correlation analysis on data
was carried out with Spearman Rank Correlation test.
Kruskal-Wallis ANOVA and median Test were used for
comparing two or more independent groups.

Results

High expression levels of NF-xB, HIF-10.and VEGF
were found in RCC tissues. The NF-kBp50 expression
was 1.5 times higher in cancer tissues than in normal
tissues (Table 1). Our results estimated the prevalence
ofactive forms of NF-kB transcription factor in tumors.
The NF-kBp65 and NF-kBp50 expression levels were
5.5 (2.8-8.7) and 6.3 (3.3-10.0) RLU per mg protein
in a well, respectively. The NF-xB p65 to NF-xBp50
ratio of less than 1.0 is known to be a sign of nonactive
dimmers of NF-kB [12]. The NF-xB p65/p50 ratio of
1.1 in cancer tissues indicated NF-xB activation. In
cancer tissues, the HIF-1o and VEGF expression levels
were 4.2 and 12.45 times higher than those observed
in non-transformed tissues (4.2 (2.2-7.9)) RLU per
mg protein and 128.0 (81.8-168.2) pg /per mg protein,
respectively). Thus, the high levels of transcription and
growth factors were revealed in RCC tissues.

Proteasome and calpain activities were decreased
in kidney cancer tissues. The total proteasome and 26S
and 20S proteasome activities were found to be lower
in RCC tissues than in non-transformed tissues. The
proteasome activity is known to be associated with the
content of proteasome subunits [16, 34]. The expres-
sion of the proteasome subunits ala2a3a5a6a7 was
higher in cancer tissues than in non-transformed tissues
(agreed standard) (p<0.05). However, the expression
levels of LMP2 immune proteasome subunit and
PA28p proteasome activator subunit were decreased
in cancer tissues. The difference in their levels be-
tween cancer tissues and normal surrounding tissues
was 30% (Figure 1). The decreased 20S proteasome
activity was likely dependent on a low level of PA28p3
subunit of the proteolytic complexes. A nonparametric
correlation was revealed between the LMP2 level and
proteasome activity (r=0.26; p=0.04). Proteasome
activity depression was accompanied by a low calpain
activity. The calpain activity was 1.4 times lower in
RCC tissues than in normal tissues. It should be noted
that proteasomes and calpains play a significant role in
cancer development, tumor progression and metastatic
spread due to their impact on transcription and growth
factor levels. Thus, changes in the protease activity in
kidney cancer tissues could be followed by the altered
expression of transcription and growth factors.

Development of metastasis leads to changes in
the protease activity and expression of transcription
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Figure 1. Proteasome subunit content in RCC.
A - Western Blotting analysis shows the expression of proteasome subunits in cancer and non-transformed tissues:
2, 3 — Western Blots of cancer tissues; 1, 4 - Western Blots of non-transformed tissues.
B — The expression of proteasome subunit in normal non-altered tissue is indicated as 100%.
* - in comparison with normal tissue, p<0.05; the results are standardized using the B-actin expression in a sample and are expressed in
percentages to the proteasome subunits content in non-transformed tissues

and growth factors in primary cancer tissues. Kidney
cancer progression and metastasis are followed by
significant changes in proteolysis. Table 2 shows the
activity of proteasomes and calpains in metastatic and
non-metastatic tissues. Patients with T2-4N0-1M1
(metastatic cancer) had a 1.3-fold decrease in the to-
tal proteasome activity and a 1.3-fold increase in the
calpain activity compared to T1-3NO-1MO patients
(non-metastatic tumors). Calpains are known to be
responsible for limited protein proteolysis in cells. In
the absence of proteasomes, they could damage and
modify proteins and peptides [19]. I-kB, the endog-
enous inhibitor of NF-kB and HIF-1a transcription
factors, is a substrate of proteases, and its incomplete
proteolysis could lead to the accumulation of angio-
genic factors in cancer cells and metastasis develop-
ment [5, 19].

The development of metastatic spread was found
to be accompanied by increased levels of transcription
factors and VEGF expression (Table 3). The produc-
tion of NF-kxBp65 was 3.2 times higher in tumor
tissues than in normal non-transformed tissues. So,
this fact was accompanied by a 5.0-fold increase in
the NF-xBp65 to NF-kBp50 ratio. The HIF-1a and
VEGF expression levels were respectively 9- and 2.8
times higher in metastatic RCC tissues than in non-
metastatic tissues.Thus, the progressive depression of
protease activity in RCC tissues was associated with
high expression levels of transcription factors and
VEGF. Their accumulation in tumors led to cancer
progression and metastasis.

Changes in NF-kB, HIF-1o. and VEGF expres-
sion levels in primary cancer and metastatic tissues.
NF-kBp50 expression in metastatic and primary RCC
tissues was higher than in normal non-transformed tis-
sues. The NF-kBp65 level was low both in metastatic
and normal kidney parenchyma. And this molecular
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factor is reduced in 2.0 fold in comparison to RCC
tissue. Interestingly, the HIF-1a content was 1.7 times
higher in metastatic than in normal tissues. The VEGF
expression was higher in metastatic and primary RCC
tissues than in normal kidney tissues. We used the
Kruskal Wallis (nonparametric ANOVA) Test and
Median Test to analyze variances of multiple groups.
We found significant differences in HIF-1 (p=0.0001;
p=0.0001), NF-kBp50 (p=0.0002; p=0.0004), NF-
kBp65 (p=0.02; p=0.01) and VEGF (p=0.0002;
p=0.004) expression levels between normal, primary
and metastatic RCC tissues.

Proteasome and calpain activities in primary and
metastatic RCC tissues. Figure 2 shows the protease
activity in distant metastatic tissues. Proteasome activ-
ity was 2.2 times lower in metastatic RCC tissues than
in normal kidney tissues and was 1.5 times lower in
metastatic than in primary RCC tissues. No difference
in calpain activity was found between metastatic tis-
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Figure 2. Total proteasome activity, 26S and 20S proteasome
activity and calpain activity in kidney cancers. The results repre-
sent the Me (Q1-Q3); * in comparison with normal tissue, p<0.05.
**in comparison with cancer tissues. Proteasome depression is
accompanied with fall of calpains activity. It is detected the growth
in total proteasome and calpain activity in metastasis tissues
compared to primary cancer tissues
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Table 1

NF-kBp65, NF-kBp50, HIF-1a and VEGF expressions in normal and kidney cancer tissues

NF-kBp65 expression,
Samples
in well
Non-tra}nsformed normal 4,88 (4,66-5.21)
tissue, n=16
Kidney cancer tissue,

. *
o 7,0 (4,7-15,4)

NF-kBp50 expression,
RLU /per mg of protein ~ RLU /per mg of protein
in well

4,16 (3,76-4,66)

7,0 (4,7-14,7)*

HIF-1a expression, RLU
/per mg of protein in
well

VEGF expression, pg/
mg of protein
0,98 (0,62—1,18) 10,28 (8,46-14,3)

4,88 (2,56-8,6)* 69,3 (27,5-139,75)*

Note: the results represent the Me (Q1-Q3); * in comparison with normal tissue, p<0,05.

Table 2

Total proteasome activity, 26S and 20S proteasome activities and calpain activity in metastatic and non-
metastatic RCC

Samples

Non-metastatic RCC
tissue, n=63
Metastatic RCC
tissue, n=30

36.1 (20.0-102.0)

27.0 (5.5-43.1)*

Proteasome activity, -103 Unit/per mg of protein
Total proteasome activity ~ 26S proteasome activity 20S proteasome activity ~ Unit/per mg of protein

12.5 (7.3-21.3)

10.2 (3.3-23.3)

Calpains activity, -103

28.0 (16.7-65.7) 33.5 (16.8-33.5)

30.1(20.0-49.4) 44.7 (18.6-54.3)*

Note: the results represent Me (Q1-Q3); * — in comparison to non-metastatic RCC, p<0,05.

NF-kBp65, NF-kBp50, HIF-1a and VEGF expressions in metastatic and non-metastatic RCC

NF-kBp65 NF-kBp50

expression, RLU/  expression, RLU /

Samples . .
per mg of protein per mg of protein

in well in well
Non-metastatic
RCC, n=45 5.0 (2.0-7.9) 6.4 (3.3-10.0)
Metas;g‘amc’ 11.3 (6.8-15.7)* 6.2 (4.4-9.7)

Table 3
Coefficient Hg;:ba /er II'ESSZ)O;I > VEGF expression,
NF-kBp65/ p50 per mg pg/mg of protein

protein in well

0.6 (0.3-2.0) 4.2 (2.2-7.8) 71.5 (38.3-139.7)

3.0 (1.6-3.0)* 7.9 (6.2-8.5)* 205.4 (131.7-261.5)*

Note: the results represent the Me (Q1-Q3); * in comparison with non-metastatic RCC tissue, p<0,05.

sues and normal kidney tissues. However, the calpain
activity was 1.75 times higher in metastatic RCC tis-
sues than in primary kidney cancer tissues. The results
of non-parametric ANOVA analysis (Kruskal-Wallis
test and Median test) showed significant changes in
the total proteasome (p=0.0001; p=0.0001) and calpain
(p=0.03; p=0.06) activities in primary non-metastatic
and metastatic tissues. Despite the fact that the contri-
bution of the cellular protease system to tumorigenesis
remains unclear, we decided to evaluate the NF-«xB,
HIF-1a and VEGF expression levels in primary and
metastatic kidney cancer tissues. The recent study have
documented that the increase of proteasome and cal-
pains activity is required for sufficient carcinogenesis
[20]. Thus, the protease activation in metastatic tissues
is accompanied with increased NF-kBp50, HIF-10 and
VEGF expression levels. Metastatic cancer cells are
known to have the altered biological features. In our
study we found the correlation between the aggressive
behavior of cancer cells and proteolysis activity.
Correlations between the proteasome activity,
transcription factors and VEGF expression were found
in RCC tissues. To further examine the potential
importance of proteases in RCC metastasis develop-
ment, we analyzed the correlations between them
and transcription and growth factor levels. Positive
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relationships between the activities of all proteasome
pools in tumors were found. We observed statistically
significant correlations between the 20S and 26S pro-
teasome activities (r=0.60; p<0.05), total proteasome
and 20S activities (r=0.80; p<0.05), and between the
total and 26S proteasome activities (r=0.78; p<0.05).
A positive correlation was found between the total pro-
teasome activity, 26S proteasome activity and calpain
activity (r1=0.56, p=0.00001; r2=0.57, p=0.00002;
r3=0.63, p=0.00001, respectively). Goldberg A.L. [8]
reported that the HIF-1a expression level was influ-
enced by NF-kB transcription factors. The analysis of
our data showed the relationships between NF-kB p65
and HIF-1a expression levels (r=0.9; p=0.0001) and
between VEGF and HIF-1a expression levels (r=0.8;
p=0.001). The effect of NF-kB on angiogenic growth
factor was likely to be mediated through HIF-1 expres-
sion changes. The association between HIF-1a and
VEGF expression was also detected in cancer tissues
(r=0.97; p=0.0001).

Discussion

The proteolytic regulation of transcription and
growth factors is of great importance in kidney cancer
progression. In RCC, HIF-1a level was associated
with low 26S proteasome activity (r=-0.36; p=0.04).
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The loss of von Hippel-Lindau gene was followed by
HIF-1a overexpression through blockage of its protea-
some degradation [26, 27]. The intensive angiogenesis
is the result of this process. The NF-kBp50 level was
correlated with 20S proteasome activity. The post-
translational modification of p105 was performed
by proteasome [28]. The nonparametric nonlinear
regression analysis was carried out to study the im-
pact of proteases on transcription factor expression. It
was found that the induced 20S proteasome activity
(Beta=0.93; p<0.05) and depressed 26S proteasome
activity (Beta=—0.58; p<0.05) led to the increased
NF-kBp50 level in cancer cells.

There are miltiple crosstalks between the expres-
sion of transcription and growth factors in RCC.
Proteolysis is considered the most significant. The
26S proteasome plays the main role in HIF-1a degra-
dation, and 20S proteasome participates in NF-xBp50
production.

Low proteasome and calpain activities are specific
to RCC. The increase in the protease activity is fol-
lowed by RCC metastasis development. The block-
age of HIF-1o degradation and the increased level
of VEGF result in non-effective proteolysis. In RCC
culture, P. van Uden [13] revealed the influence of
NF-xB on HIF-1a transcription. Our findings highlight
the potential contribution of intracellular proteases to
kidney cancer metastasis. The increased NF-kBp65
expression is likely can influence on HIF-1 produc-
tion in metastatic RCC and can be the main factor of
cancer progression. There are reports on the associa-
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OKCMPECCHUA CXCR4 B PA3JIMYHBLIX NONYNALUNAX
LUPKYJIUPYIOLWWUX U OANHOYHBIX OMYXOJIEBbIX KIETOK
PAKA MOJIOYHOW XEJE3bI

O.E. CaBenbeBa'? J1.A. TawmpeBa', M.A. Bynaakos'?, P.X. MyxamenxaHoB3,
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UMHCKMIA LeHTp Poccuiickor akagemumn Hayk, T. Tomck, Poccus’
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AHHOTauus

Llenblo nccnepoBaHua sisunock onpegeneHne akcnpeccun CXCR4 B pa3nuuHbixX NONynsaumsax LUPKynu-
pytowimx (LOK) n oguMHOYHBIX (AMCKPETHBIX) OMYXOMEBbIX KNETOK paka MoroyHoun xenesbl. MaTepuan u
MeToAbl. B nccnegosaHve 6binm BkMtoYeHbl 35 NaUMeHTOK ¢ MHBa3UBHOM KapLUHOMOW Hecneunguyeckoro
Tvna mono4vHon xenesbl (T1-4N0-2MO0) B Bo3dpacTte oT 29 go 69 net. Akcnpeccunto CXCR4 B pasnunyHbIX
nonynauusax LLOK oueHmBanv metogom npoTtodHon uutometpun. [ng oueHku akcnpeccun CXCR4 B aHano-
TMYHBIX MONYNAUUAX OAUHOYHbIX (AMCKPETHBIX) OMyXONeBbIX KNETOK B MEPBUYHON OMyXOnv UCMONb30Banu
MeToq KOHOoKanbHoM Mukpockonuun. PesynbTatbl. Hamu Gbino yctaHoeneHo, 4to CXCR4 akcnpeccupoBarncs
LIOK 6e3 npn3HakoB CTBOMOBOCTY M 3anuTenMansHo-me3eHxumansHoro nepexoaga (3MrM), LOK ¢ npusHakamm
OMI, Ho 6Ge3 mapkepoB cTBONOBOCTH, a Takke LIOK ¢ npusHakamu cTBOrIoBOCTU, HO 6e3 npuaHakos SMI.
Y Bcex nauuneHTok B kposu LIOK ¢ npuaHakamm cteonosocTt n MM He akcnpeccupoarncs CXCR4. B nep-
BMYHOW onyxonu morno4Hol xenesbl CXCR4 obHapyXumBarcs Kak Ha OQUHOYHBIX (OUCKPETHBIX) OMyXONeBbiX
KneTkax 6e3 Npu3HakoB CTBOMOBOCTY C npuaHakamu OMI1, Tak 1 Ha KneTkax ¢ Mapkepamu CTBOIOBOCTU U
OMTI1. Y Bcex naumeHTok B 06pa3uax NnepBUYHOI OMyXOMni OTCYTCTBOBANM CTBOMOBLIE Y HECTBOMOBLIE KIETKU
6e3 npusHakoB QM. 3akntoyeHue. Taknum obpaszom, CXCR4 akcnpeccupyoTcst Ha pasnuyHbIX NOnynsunsax
LIOK. 3kcnpeccua CXCR4 He 3aBMCUT OT Hanuunsi Unm oTCyTCTBUS NMPU3HAKOB CTBONOBOCTM u/unu MM B
OnyXoneBbIX KreTkax. Takke Mbl Noka3anu, YTO HEKOTOpbIe NOMNyNAUMM OAMHOYHbIX (OUCKPETHBIX) OMyxorne-
BbIX KIETOK B NMEPBUYHOW OMyXOrn XapaKTepm3ytoTcs CMOCOBHOCTLI0 MPE3eHTUPOBaTL Ha CBOe MembpaHe
CXCR4 1 MOryT sBNATbCS UCTOYHMKOM COOTBETCTBYoLMX nonynauun LIOK.

KnroueBble cnoBa: CXCR4, LUPKynupyroLiue onyxorneBble KIeTKU, CTBOJIOBbI€ OMnyXoJieBble KIeTKH,

OAWHO4YHbIe (AVICerTHbIe) onyxoneBble KIeTKu, anuTenuanbHO-Me3eHXUManbHbIN nepexopn,
pakK MOJI04YHOM XKene3bl.
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Abstract

The aim of this study was to assess CXCR4 expression in different subsets of CTCs and single (detached)
breast cancer cells. Materials and methods. Thirty five patients with invasive breast carcinoma of no special
type (IC NST) (T1-4N0-2M0), between 29 and 69 years of age were included in this study. Different subsets
of CTCs with CXCR4 expression were evaluated by flow cytometry. A confocal microscopy was used to
assess CXCR4 expression in different subsets of single (detached) cancer cells in breast tissue. Results.
The CXCR4 was expressed in CTCs without stem-like and EMT phenotype, in CTCs with EMT but not stem
markers and in stem-like CTCs without EMT features. In all blood samples, the CXCR4 expression in CTCs
with stem-like and EMT phenotype was absent. In breast tumor the CXCR4 was expressed in the non stem-
like single (detached) breast cancer cells with EMT features, in the single (detached) breast cancer cells with
stem and EMT features. In all tumor samples the stem-like or non stem-like single (detached) breast cancer
cells without EMT features were absent. Conclusions. Different subsets of the CTCs exhibited CXCR4. The
CXCRA4 expression did not depend on the presence or absence of stem or/and EMT features in tumor cells. We
showed that some subsets of single (detached) breast cancer cells in the primary tumor were characterized

by the ability to express CXCR4 and may be a source of the respective CTC subsets.

Keywords: CXCR4, circulating tumor cells, cancer stem-like cells, single (detached) cancer cells,

epithelial-mesenchymal transition, breast cancer.

Introduction

Circulating tumor cells (CTCs) mediate tumor
dissemination and play the key role in the metastatic
cascade [1, 2]. The prognostic value of CTCs in breast
cancer has been previously shown. Thus, presence of
CTCs in the peripheral blood is associated with the
poor prognosis in breast cancer [3, 4]. However, little
is known about exact mechanism of migration and
trafficking of CTCs in the peripheral blood circulation
[2]. Metastasis of cancer cells to distant locations
needs intravasation from the primary tumor sites into
blood vessels, survival in the circulation, migration
to secondary organs, adhesion, and proliferation
of cancer cells in targeting organs and tissues [5].
Chemokines might affect the selection of target organs
for metastases formation. For example, the CXCR4/
CXCLI12 axis makes breast cancer cells move out
of the circulation and traffic into organs with high
amounts of chemokines, and thus forming metastases
[6, 7]. In our previous study, we showed that CTCs
were represented by heterogeneous population.
Some cancer cells had stem-like or/and EMT
(epithelialmesenchymal transition) phenotype, other
cancer cells did not have EMT and stemness features
[8]. We suggested that CTCs did not always precede
metastasis, because they could not have the necessary
features, including their CXCR4 expression. So, in
present study we investigated the CXCR4 expression
in different subsets of CTCs and single (detached)
breast cancer cells in primary tumor.

Material and Methods

Patients (n=35) with invasive breast carcinoma ofno
special type (IC NST) (T1-4N0-2M0) within the range

76

of 29 - 69 years of age (mean age: 49.06 + 9.78) were
treated at the Cancer Research Institute, Tomsk NRMC
(Tomsk, Russia) between 2011 and 2017 included (Table
1). IC NST was defined according to the World Health
Organization’s recommendations [9]. The venous blood
samples were collected in EDTA-treated tubes before
surgical intervention and were used for flow cytometry.
The formalin-fixed, paraffin-embedded (FFPE) primary
tumor samples were used for immunofluorescence
analysis. This study was approved by the institutional
review board, all patients signed an informed consent
for voluntary participation.

Flow Cytometry

Different subsets of CTCs were evaluated by flow
cytometry (BD FACSCanto II (BD, USA)) using anti-
CD4S5 (clone HI30, PE/Cy7) (BD Pharmingen, USA),
anti-CD44 (clone G44-26, APC-H7) (BD Pharmingen,
USA), anti-CD24 (clone ML5, PerCP-Cy5.5) (BD
Pharmingen, USA), anti-CK7 (clone CAMS5.2, AF647)
(BD Pharmingen, USA), anti-N-cadherin (CD325)
(clone 8C11, PE) (BD Pharmingen, USA) and anti-
CXCR4 (clone 44717, AF488) (R&D Systems, USA)
antibodies. Then, erythrocytes were lysed in BD FACS
lysing solution.

Confocal microscopy

The FFPE tumor sections were incubated with the
primary antibody cocktail against CK7 (polyclonal,
1:50, guinea pig, Acris Antibodies, Germany), CD133
(clone 3F10, 1:800, mouse, MyBioSource, USA),
N-cadherin (CD325) (polyclonal, 1:400, rabbit,
Abcam, UK), CXCR4 (polyclonal, 1:50, goat, Thermo,
USA) in 1% BSA. As secondary antibodies were used
anti-guinea pig IgG H&L (CF405) (Biotium, USA),
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Table 1
The clinicopathological parameters of the patients with breast cancer
Clinicopathological parameters N (%)
Age (year) (Me (Q1-Q3))
49 (29-69) 35 (100%)
Molecular type of breast cancer
Luminal A 12/35 (34%)
Luminal B 13/35 (37%)
HER2-positive 3/35 (9%)
Triple-negative 7/35 (20%)
Tumor size
T1 8/35 (22.8%)
T2 25/35 (71.4%)
T3 1/35 (2.9%)
T4 1/35 (2.9%)
Lymph node status
NO 21/35 (60.0%)
N1 9/35 (25.7%)
N2 1/35 (2.9%)
N3 1/35 (2.9%)
Neoadjuvant chemotherapy (NACT)
NO 24/35 (69%)
YES 11/35 (31%)
Table 2
The CXCR4 expression in different subsets of circulating or single (detached) cancer cells
The breast cancer cell subsets Frequency of cell detection Cell count
The circulating tumor cells in patient’s blood
CK7+CD45-CD44-CD24+/-N-cadherin-CXCR4+ 31.8 % (7/22) (©. 0070(.);;()) cell/ml
CK7+CD45-CD44-CD24+/-N-cadherin+CXCR4+ 68.2 % (15/22) (0.13_; 599§ cell/ml
0.00

CK7+CD45-CD44+CD24-N-cadherin-CXCR4+
CK7+CD45-CD44+CD24-N-cadherintCXCR4+

0,
27.3%(6122) (0.00-0.13) cell/ml

0.0 %(0/22) -

The single (detached) cells in tumor

CK7+N-cadherin-CD133-CXCR4+
CK7+N-cadherint+CD133-CXCR4+
CK7+N-cadherin-CD133+CXCR4+
CK7+N-cadherin+CD133+CXCR4+

anti-mouse IgG H&L (AF488) (Abcam, UK), anti-
rabbit IgG H&L (Cy3) (Abcam, UK), anti-goat IgG
H&L (AF647) (Abcam, UK). Nuclei were stained with
DRAQS. The single (detached) breast cancer cells
were visualized using the LSM 780 NLO confocal
microscope (Carl Zeiss, Germany) with a 63 plan
apochromat objective, numerical aperture (z1), and
immersion oil.

Results

As CXCR4 promotes breast cancer metastasis to
distant organs where its ligand, SDF-1, is generated
in large quantity [10, 11], we examined the expression
of these molecules in different subsets of CTCs in
the blood of breast cancer patients (Figure 1). The
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0.0 % (0/25) -
0.00
(0.00-8.00)%

0.0 % (0/25) -
0.00
(0.00-1.05)%

44.0 % (11/25)

28.0 % (7/25)

CXCR4 expression in CTCs without stem-like and
EMT phenotype (CK7+CD45-CD44-CD24+/-N-
cadherin-CXCR4+) was present in 31.8% (7/22)
patients (0.00(0.00-0.95) cell/ml). In 68.2% (15/22)
patients, CTCs with CXCR4 exhibited EMT but
not stem markers (CK7+CD45-CD44-CD24+/-N-
cadherintCXCR4+) (1.96(0.13-3.59) cell/ml). The
stem-like CTCs expressed CXCR4 in 27.3% (6/22)
patients. All this cells (0.00(0.00-0.13) cell/ml) didn’t
have EMT features (CK7+CD45-CD44+CD24-N-
cadherin-CXCR4+). In all patient blood samples
(22/22) the CXCR4 expression in CTCs with stem-like
and EMT phenotype (CK7+CD45-CD44+CD24-N-
cadherint+CXCR4+) was absent (Table 2).

(a4
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Figure 1. Flow cytometry analysis of the circulating tumor cells with CXCR4 expression

DAPI
Cytokeratin7
CD133
N-cadherin

Figure 2. The single (detached) breast cancer cells with CXCR4
expression. The white cursor points to the non stem single
(detached) breast cancer cell with EMT features and CXCR4
expression

The non stem-like single (detached) breast
cancer cells with EMT features (CK7+CD133-N-
cadherintCXCR4+) expressed CXCR4 in 44.0%
(11/25) tumor samples (Figure 2). Our results
suggested that only 0.00(0.00-8.00)% of single
(detached) CK7+CD133-N-cadherin+ cells exhibited
CXCR4 in primary tumor. The single (detached)
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OAHO®POTOHHAA SMUCCUOHHAA KOMIMNbIOTEPHAA
TOMOIPA®USA C *"TC-1-TUO-D-IMIOKO30M B AUArHOCTUKE
M CTAOUPOBAHUU 3NTOKAYECTBEHHbLIX TIMM®OM:
NMEPBbLIX ONbIT NCMOJIb3OBAHUSA

B.N. YepHoB'? E.A. [lygHukoBa', P.B. 3enbuan’, T.J1. KpaBuyk',
A.B. anunosa', A.A. MegBegeBa', U.I'. Cununkunu', O.[. BparuHa',
B.E. Nlonbpbepr', A.B. Fronbabepr', U.I'. Pponosa’

Hay4Ho-uccnegoBartenbCKuii MIHCTUTYT OHKOMOrMK, TOMCKUIA HauMOHanbHbI NCCNeaoBaTenbCKUn
MeaVLMHCKUIA LeHTp Poccuiicko akagemun Hayk, . Tomck, Poccus’

Poccus, 634009, . Tomck, nep. KoonepatueHeii, 5°

FBOY BIMO «Cnbupckumin rocynapcTBEHHbIV MEAULIMHCKMIA yHUBepcuTeT» MuHaapasa Poccuu,

r. Tomck, Poccus?

Poccus, 634050, r. Tomck, MOCKOBCKMI TpakT, 22

AHHOTauus

Llenbto nccrnegoBaHns SBUNach oLeHKa BO3MOXHOCTU NMPUMEHEHUS OAHO(OTOHHON 3MWCCUOHHON KOM-
netotepHon Tomorpacun (OPIKT) ¢ MHHOBALMOHHBIM OTEHEeCTBEHHbIM paguodapmnpenapatom (PPI1)
9mTc-1-tno-D-rntoko3a (*"Tc-TIN) B AnarHOCTUKe U cTagMpoBaHMK 30KaYeCcTBEHHbIX Numdom. MaTepuan
M MeToabl. B nccneposaHve BknodeHbl 15 naumneHToB (cpegHuit Bo3pacT 50,7+18,3 roga) ¢ Bnepsble
ONarHoCTUPOBAHHBIMUN 311I0KaYeCTBEHHbIMU NuMdomammn. CunHTUrpadmyeckoe nccrnegoBaHme npoBoannm
Ha ramma-kamepe E.CAM 180 cupmbl “Siemens” (Ffepmanus) yepes 4 yaca nocne seegeHus POl B gose
500 MBk. PesynbTarthl. Mo aaHHbIM ODPIKT, natonornyeckoe BkntodeHue *°"Tc-TI B numdaTtnyeckue yanbl
Habntopanock y 14 (93 %) 13 15 nauneHToB. Y 04HOWM NaLMEHTKM He y4anock BU3yanuavpoBaTh onpene-
NsiemMbln C NOMOLLBIO KoMnbloTepHon Tomorpadmmn (KT) eanHWYHBIN, YBENUYEHHbIN NOAHMKHEYETHOCTHON
nMdaTnyecknin ysen. STOT NOXHOOTpULATENbHBIA pe3ynbTaT UCcCnefoBaHus CBA3aH C OM3UONMOTMYHbIM
ycuneHuem akkymynauum "Te-TI B opodhapuHreansHo obnactn. CnoXHOCTM, CBA3aHHbIE C BbICOKON
(POHOBOW aKTUBHOCTBIO KPOBM, OTMEYanuchb Npu BM3yanusauumm napatpaxearnbHbiX, NapaaopTanbHbIX U Na-
pakapaunanbHbIX nuMmdarndeckmx ysnos. Hanbonee yacto natonormyeckoe HakonnexHvwe PO otmevanoch
B aKCUNNSAPHbIX, HAA- U MOAKIMIOYMYHBIX, @ TakKe LWenHbIX NumdaTtndecknx yanax. C nomowbio OD3IKT ¢
9mTc-TI akcTpanumdaTmyeckne runepmerabonuyeckme ydactkv onpegensinucb y 7 (78 %) 13 9 nauneHToB
C paHee OMarHoCTMPOBaHHbIM 3KCTpaHoAanbHbIM nopaxeHnem. Kpome Toro, y ogHOM nauMeHTKy no AaH-
HbolM OPIKT Obin BbISIBMEH runepmeTabonuyeckuin odar B nerkoM, He oGHapyxeHHbIl no pesynsratam KT.
B nccnenyemoit BbiGopke naumeHToB no AaHHbiM KT 1 OO3KT ¢ ®MTc-TI Hannune nopaxeHust KOCTHOTO
Mo3ra Habrntoganock B 0o4HOM cryyae. Kpome Toro, cumHTurpadmyeckoe nccneqoBaHme no3Bonuiio BbISBUTb
runepmetabonuyeckre y4acTku B nonatke y naumeHTa ¢ MHTaKTHoM no pesynstatam KT KOCTHOWM TKaHbHo.
3akntoyeHue. PesynsraTthl nccneqoBaHus NO3BOMSOT PEKOMEHA0BaTb Ucnonb3oBaHue ®mTe-TIT OPIKT B
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Abstract

Introduction. The purpose of this study was to evaluate the feasibility of using *"Tc-TG SPECT in the
detection and staging of malignant lymphoma. Materials and methods. Fifteen patients with newly diagnosed
malignant lymphoma underwent *™Tc-TG SPECT. Six patients had Hodgkin’s lymphoma and 9 patients had
aggressive forms of non-Hodgkin’s lymphoma (NHL): diffuse large B-cell ymphoma (7 cases), B-cell follicular
lymphoma (1 case), and lymphoma from B cells in the marginal zone (1 case). Stage IIA was diagnosed in
5 patients, stage IIB in 1, stage llIAin 1, stage IVA in 4 and stage IVB in 4 patients. Results. Pathological
9mTe-TG uptake in lymph nodes was observed in 14 (93 %) of the 15 patients. In one patient, the enlarged
submandibular lymph node (16 mm in size) detected by CT was not visualized by **"Tc-TG SPECT. This
false-negative result was likely to be associated with increased accumulation of ®"Tc-TG in the oropharyngeal
region. There were difficulties in the visualization of paratracheal, para-aortic and paracardial lymph nodes.
These difficulties were associated with a high blood background activity, which persisted even 4 hours after
intravenous injection of *™Tc-TG. Software-based SPECT and CT image fusion allowed visualization of these
lymph nodes. The pathological ®*™Tc-TG accumulation in axillary, supraclavicular, infraclavicular and cervical
lymph nodes was observed most often. Extranodal involvement was seen in 9 patients. *"Tc-TG SPECT
identified extranodal hypermetabolic lesions in 7 (78 %) of these patients. In one patient, hypermetabolic
lesion in the lung detected by *"Tc-TG SPECT was not detected on CT image. CT identified bone marrow
involvement in the pelvic and scapula in 1 patient. The use of ®"Tc-TG SPECT allowed the visualization of
hypermetabolic bone tissue lesions in this patient (Figure 4). In addition, in a patient with intact bone tissue on
CT, ®mTc-TG SPECT detected hypermetabolic lesions in the iliac bone. Conclusion. *™Tc-1-Thio-D-glucose
demonstrated increased uptake in nodal and extranodal sites of lymphoma. The results indicate that SPECT
with ®mTc-1-Thio-D-glucose is a feasible and useful tool in the detection and staging malignant lymphoma.

Keywords: lymphomas, Hodgkin’s lymphoma, non-Hodgkin’s lymphomas, single-photon
emission computed tomography, *"Tc-1-Thio-D-glucose.

Introduction

Tumors of the hematopoietic and lymphoid tissues
are relatively frequent in Russia, accounting for
approximately 5 % of all cancers in men and 4.6%
in women, and 5 % of all cancer deaths. In 2016, the
incidence rate for tumors of the hematopoietic and
lymphoid tissues was 19.58 per 100 000 population.
The average annual growth rate is 1.78 % [1].
Among lymphoid and hematopoietic tissue tumors,
Hodgkin lymphoma (HL) is observed most frequently
(30 %) [2]. Among non-Hodgkin's lymphomas
(NHLs), large B-cell lymphoma (33 %) and B-cell
follicular lymphoma (22 %) are the most common
lymphomas. Other types of lymphomas occur with a
frequency of less than 10 % [3].

Accurate staging for lymphoma enables better
prognostication and choice of the most appropriate
treatment [4]. Thus, the estimated recurrence-free
10-year survival is highest in patients with stage
I disease (90-95 %), slightly lower (80—85 %) in
patients with stage II, significantly lower (70 %) in
stage Il and does not exceed 30-50 % in stage IV
[4]. The Ann Arbor staging system for the assessment
of lymphoma includes computed tomography (CT)
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scans [5]. However, diagnostic capabilities of CT are
limited when visualizing lymph nodes of normal size.
Moreover, in patients with retroperitoneal lymph nodes
measuring from 1 to 3 cm, the likelihood of detection
of a specific lesion with CT is only 50 %. Even a
significant increase in the lymph nodes size (more than
3 cm) is associated with their benign hyperplasia in
25 % of cases. CT has low sensitivity in the diagnosis
of diffuse lesions of the liver, spleen and bone
marrow [6]. 18-F-fluorodeoxyglucose ("*F-FDG) —
positron emission tomography (PET), and more
recently PET/ computed tomography (CT), is the most
sensitive and specific imaging technique currently
available for patients with lymphoma.

Numerous studies indicate that PET has proved very
useful for staging and therapy response of lymphoma
[4-10]. The widespread use of PET in our country is
limited due to the high cost and low number of PET
centers, which are located mainly in the central regions
of the Russian Federation. At the same time, in Russia
there are more than 200 nuclear medicine departments
equipped with SPECT scanners. Therefore, the use of
radiopharmaceuticals labeled with gamma-emitting
nuclides remains relevant. *™Tc-1-thio-D-glucose
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(*™Tc-TG) is the promising radiopharmaceutical for
lymphoma imaging. This radiopharmaceutical is a
glucose derivative complex in the form of 1-thio-D-
glucose and #™Tc, in which 1-thio-D-glucose works as
aradioisotope label transport (**™Tc). A special feature
of the pharmacokinetics of the radiopharmaceutical
is the absence of its accumulation in the brain and
myocardium. Tomsk NIIC and Tomsk Polytechnic
University successfully completed the project
«Preclinical studies of radiopharmaceutical on the basis
of *"Tc labeled glucose derivative for tumor imaging
(Ne 14.N08.11.0033). The laboratory regulations
for ¥"Tc-TG preparation were developed, the
analytical methods for *"Tc-TG quality control were
elaborated and samples of the radiopharmaceutical
were synthesized and analyzed in accordance with
established methodology.

It was proved that " Tc-TG was characterized by
high accumulation in tumor cells in vivo and in vitro
[11-15].

The purpose of this study was to evaluate the
feasibility of using *™Tc-TG SPECT in the detection
and staging of malignant lymphoma.

Materials and Methods

The study included 15 patients (mean age
50.7+18.3, range: 25 to 75 years) with newly diagnosed
malignant lymphomas. None patients had previously
received chemotherapy. The diagnosis was verified
by immunohistochemical study. Six patients had HL
and nine had aggressive forms of NHL: diffuse large
B-cell lymphoma (7 cases), B-cell follicular lymphoma
(1 case), and lymphoma from B cells in the marginal
zone (1 case). Stage IIA was diagnosed in 5 patients,
stage [IB in 1, stage [IIA in 1, stage [IVA in 4 and stage
IVB in 4 patients.

Single photon emission computed tomography
was performed using a double-head gamma-camera
(E.CAM 180, Siemens) equipped with parallel high
energy collimators. The injection of *™Tc-TG at a
dose of 500 MBq was made intravenously into the
antecubital vein. Planar imaging began 4 hours after
injection. Images were obtained with the patients lying
in the supine position with the arms raised over the
head and with the face, skull, chest, neck, abdomen,
pelvis and groin included into the field of view. A total

of 32 projection images were recorded into a 64x64
matrix (30 seconds per projection) without hardware
magnification. The scan images were analyzed
using the manufacturer software (e.soft, Siemens,
Germany). Three-dimensional images of the chest,
sagittal, transverse and coronal sections were obtained.
Single photon emission computed tomography scans
were visually assessed. Images of the contralateral
areas were compared, and asymmetrically increased
radiotracer uptake was considered pathological.

Results and Discussion

The pathological *"Tc-TG uptake in lymph nodes
was observed in 14 (93%) of the 15 patients. In a patient
with diffuse large B-cell lymphoma, a single enlarged
submandibular lymph node (16 mm in size) detected
by CT was not visualized by *"Tc-TG SPECT. This
false-negative result is likely to be associated with the
physiological enhancement of *™Tc-TG accumulation
in the oropharyngeal region. There were difficulties
in the visualization of paratracheal, para-aortic and
paracardial lymph nodes. These difficulties were
associated with a high background activity, which
persisted even 4 hours after intravenous injection
of P"Tc-TG. Software-based SPECT and CT image
fusion allowed visualization of these lymph nodes.
The pathological *Tc-TG accumulation in axillary,
supraclavicular, infraclavicular and cervical lymph
nodes was observed most often Extranodal lesions
were observed in 9 patients (lung in 3 patients, liver
in 2, spleen in 2, stomach in 2 and parotid salivary
gland in 1). *™Tc-TG SPECT identified extranodal
hypermetabolic lesions in 7 (78%) of these patients.
9mTe-TG SPECT detected lesions in the lungs in 2
cases, in the liver in one, in the spleen in one, in the
stomach in one and in the parotid salivary gland in one
(Figure 2). In one patient, *"Tc-TG SPECT identified
hypermetabolic lesion in the lung that was not detected
by CT (Figure 3).

18F-FDG PET/CT was found to be superior to CT
in the detection of bone marrow lesions in patients
with lymphomas [16]. CT allows visualization of
such pathological lesions only in the presence of bone
destruction. CT detected bone marrow involvement in
the pelvic and scapula in 1 patient. The use of " Tc-TG
SPECT allowed the visualization of hypermetabolic

Figure 1. ®"Tc-TG SPECT images of a patient with Hodgkin’s lymphoma, nodular sclerosis, stage IIA,
lesions of right axillar and right pectoral lymph nodes (arrows)
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Figure 2. 99mTc-TG SPECT
images of a patient with
diffuse large B-cell lymphoma,
germinogenic type, stage II1A
(bulky) with lesions of the left
parotid gland (arrows)

Figure 3. 99mTc-TG SPECT
images of a patient with
Hodgkin’s lymphoma, nodular
sclerosis, IIA stage with lesions
of the left lung (arrows)

Figure 4. 99mTc-TG SPECT
images of a patient with
B-diffuse large-cell lymphoma,
stage VB, with lesions of
cervical lymph nodes, pelvic
bones and right scapula.
Hypermetabolic lesion in the
right scapula is seen (arrows)

Figure 5 99mTc-TG SPECT
images of a patient with
diffuse large B-cell lymphoma,
germinogenic type, stage
IVB with lesion of the left
submandibular salivary gland,
right inguinal lymph node,
lymph nodes of the abdominal
cavity, spleen. Hypermetabolic
lesion the iliac bone is
visualized (arrows)

Figure 6. 99mTc-TG
SPECT images of a patient
with diffuse large B-cell
lymphoma, germinogenic
type, stage IIB with lesion of
the left submandibular and
paratracheal lymph nodes.
Concomitant diagnosis: chronic
cholecystitis. Hypermetabolic
lesion in the gallbladder is
visualized (arrows)
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bone tissue lesions in this patient (Figure 4). In
addition, in a patient with intact bone tissue on CT,
PmTe-TG SPECT detected hypermetabolic lesions in
the iliac bone (Figure 5).

18F-FDG is characterized by its active accumulation
in inflammation lesions, reducing the specificity of
18F-FDG PET/CT in cancer patients. In our study, two
patients had cholecystitis as a concomitant disease;
all of them had pathological *"Tc-TG uptake in the
gallbladder (Figure 6). These observations indicate that
it is necessary to take into account clinical patient data
for the correct analysis of ®™Tc-TG SPECT findings.

The mechanism of cellular uptake of colorectal
carcinoma cell line HCT-116 and human lung
adenocarcinoma cell line A549 was studied [17]. The
levels of “™Tc-TG and 18F-FDG accumulation in HCT-
116 cells were nearly similar, while the 18F-FDG uptake
in A549 cell line was almost twice as much as *™Tc-
TG. #Tc-TG and 18F-FDG cellular accumulation
decreased when the glucose concentration increased,
and was enhanced in the presence of insulin. These
facts suggest that both 18F-FDG and *Tc-TG penetrate
into the cell with the participation of glucose transport
proteins. Physiologically, glucose is transported by the
facilitated sodium-independent glucose transporters
(GLUT1-GLUT®6, and GLUTS) and by the sodium-
dependent transporters (SGLT1 and SGLT2), with
a variable expression level of these transporters in
different human tissues. Most solid tumors exist in a
hypoxic environment and prefer anaerobic glycolysis
rather than aerobic glycolysis, converting glucose to
lactate and producing less ATP with a smaller oxygen
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consumption. Therefore, glucose accumulation is
frequently enhanced in tumors by overexpression of
glucose transporters, generally GLUT1 and SGLT1
[18]. Considering the fact that both 18F-FDG and
#mTe-TG cellular uptakes are reduced in the presence of
cytochalasin B, which blocks the GLUT1 channel, the
authors conclude that these agents transferred into the
cells mainly by GLUT1. This assumption is supported
by the fact that a significant overexpression of GLUT1
in A549 and HCT-116 is described in the literature [ 19—
22]. Seidensticker et al. found a failed uptake inhibition
of ”"Tc-TG and 18F-FDG when SGLT1-3 was blocked
by phloretin, suggesting that these transporter proteins
are not involved in the uptake process [17]. It should
be noted that in contrast to 18F-FDG, which is almost
completely localized in the cytoplasm, *"Tc-TG
accumulates approximately equally in the cytoplasm and
cell membrane. Seidensticker et al explain this feature
by the large size of the *"Tc-TG molecule, which is
partially bound to GLUT1 [17]. The chemical structure
of P"Tc-TG does not allow this molecule to interact
with hexokinase, so *"Tc-TG is not phosphorylated
(in contrast to 18F-FDG) making it unlikely that *™Tc
1-TG can be further metabolized.

Conclusion

The *"Tc-labeled glucose derivative *™Tc-TG
showed a high uptake in the nodal and extranodal
lesions in patients with malignant lymphoma.
Therefore, we can consider *Tc-TG SPECT as an
additional diagnostic method for staging malignant
lymphoma.

tional diagnostic contrast-enhanced CT scans in patients undergoing staging
or restaging for lymphoma. Ann Oncol. 2008; 19: 1770-3.

10. Cheson B.D. Role of functional imaging in the management of
lymphoma. J Clin Oncol. 2011; 29: 1844-54.

11. Zeltchan R., Medvedeva A., Sinilkin 1., Chernov V., Stasyuk E.,
Rogov A., Skuridin V. Study of potential utility of new radiopharmaceuticals
based on technetium-99m labeled derivative of glucose. AIP Publishing,
2016; 1760(1): 020072

12. Zeltchan R., Medvedeva A., Sinilkin I., Bragina O., Chernov V.,
Stasyuk E., Dergilev A. Experimental study of radiopharmaceuticals based
on technetium-99m labeled derivative of glucose for tumor diagnosis. IOP
Conference Series: Materials Science and Engineering. 2016; 012054.

13. 3envuan P.B., Meoseoesa A.A., Cununkun MU.I., bpacuna O./.,
Yepros B.U., Cmactwx E.C., Hivuna E.A., Cxypuoun B.C. V3ydeHue
(yHKIHOHAIBHOM IPUTOJHOCTH TyMOPOTPOITHOTO parodapMIIpernapara
99mrc-1-TUO-6-110K03a B KCIIEpUMEHTe. MoJeKynsipHas MeAUIMHA.
2018; 16(3): 54 57. [Zelchan R.V., Medvedeva A.A., Sinilkin I.G., Bragina
O.D., Chernov V.1, Stasyuk E.S., llyina E.A., Skuridin V.S. A study of the
functional suitability of the tumor-neutral radiopharmaceutical *™Tc-1-
TIO-D-glucose in the experiment. Molecular medicine. 2018; 16(3): 54
57. (in Russian)]

14. Yepros B.H., Medseoesa A.A., Cunuixun HU.I., 3ervuan P.B.,
bpaeuna O./]. Pazpabotka paauohapMipenaparoB Ui paJHOHYKIHTHONU
JTMarHOCTUKH B OHKOJIOTHH. MeuiuHcKkas Busyanusatus. 2016; (2): 63 66.
[Chernov VI., Medvedeva A.A., Sinilkin I.G., Zel ’chan R.V., Bragina O.D.
Development Radiopharmaceuticals for Nuclear Medicine in Oncology.
Medical Visualization 2016; (2): 63—66. (in Russian)]

15. Welling M.M., Alberto R. Performance of a " Tc-labelled 1- thio-
beta-D-glucose 2,3,4,6-tetra-acetate analogue in the detection of infections
and tumours in mice: a comparison with [18F]FDG. Nucl Med Commun.
2010 Mar; 31(3): 239-48. doi: 10.1097/MNM.0b013e32833501¢4.

16. Moog F., Kotzerke J., Reske S.N. FDG PET can replace bone
scintigraphy in primary staging of malignant lymphoma. J Nucl Med.
1999; 40: 1407-13

17. Seidensticker M., Ulrich G., Muehlberg F.L., Pethe A., Grosser O.S.,
Steffen 1.G., Stiebler M., Goldschmidt J., Smalla K.H., Seidensticker R.,

85



CLINICAL STUDIES

Ricke J., Amthauer H., Mohnike K. Tumor Cell Uptake of *™Tc-Labeled
1-Thio-B-DGlucose and 5-Thio-D-Glucose in Comparison with 2-Deoxy-
2-[18F]Fluoro-D-Glucose In Vitro P. Kinetics, Dependencies, Blockage
and Cell Compartment of Accumulation. Mol Imaging Biol. 2014 Apr;
16(2): 189-98. doi: 10.1007/s11307-013-0690-3.

18. Ganapathy V., Thangaraju M., Prasad P.D. Nutrient transporters
in cancer: relevance to Warburg hypothesis and beyond. Pharmacol Ther.
2009 Jan; 121(1): 29 40. doi: 10.1016/j.pharmthera.2008.09.005.

19. Ong L.C., Jin Y., Song I.C., Yu S., Zhang K., Chow PK. 2-[18F]-
2-deoxy-D-glucose (FDG) uptake in human tumor cells is related to the
expression of GLUT-1 and hexokinase II. Acta Radiol. 2008 Dec; 49(10):
1145-53. doi: 10.1080/02841850802482486.

20. Yun H., Lee M., Kim S.S., Ha J. Glucose deprivation increases
mRNA stability of vascular endothelial growth factor through activation
of AMP-activated protein kinase in DU145 prostate carcinoma. J Biol
Chem. 2005 Mar 18; 280(11): 9963-72.

21. Guo G.F, Cai Y.C., Zhang B., Xu R.H., Qiu H.J., Xia L.P,
Jiang W.Q., Hu PL., Chen X.X., Zhou F.F., Wang F. Overexpression of
SGLT1 and EGFR in colorectal cancer showing a correlation with the
prognosis. Med Oncol. 2011 Dec; 28 Suppl 1: S197-203. doi: 10.1007/
$12032-010-9696-8.

22. Huber S.M., Misovic M., Mayer C., Rodemann H.P, Dittmann K.
EGFR-mediated stimulation of sodium/glucose cotransport promotes
survival of irradiated human. Radiother Oncol. 2012. 103(3): 373-379.

Received 22.06.18
Accepted 26.07.18

Funding

This study required no funding.

Conflict of interest

The authors declare that they have no conflict of interest.

ABOUT THE AUTHORS

Vladimir I. Chernov, MD, DSc, Professor, Head of the Nuclear Medicine Department, Cancer Research Institute, Tomsk National
Research Medical Center Russian Academy of Sciences (Tomsk, Russia). E-mail: chernov@oncology.tomsk.ru, chernov@tnime.ru,
chernov1962@gmail.com. Researcher ID (WOS): P-1470-2014. Author ID (Scopus): 7201429550. ORCID: 0000-0001-8753-7916.
Ekaterina A. Dudnikova, MD, Junior Researcher of the Chemotherapy Department, Cancer Research Institute, Tomsk National Re-
search Medical Center Russian Academy of Sciences (Tomsk, Russia). E-mail: ekaterina.dudnikova@]list.ru. Researcher ID (WOS):
C-8937-2012. ORCID: 0000-0002-8218-8515.

Roman V. Zelchan, MD, PhD, radiologist of the Nuclear Medicine Department, Cancer Research Institute, Tomsk National Research
Medical Center Russian Academy of Sciences (Tomsk, Russia). E-mail: r.zelchan@yandex.ru. Researcher ID (WOS): C-8597-2012.
Author ID (Scopus): 56901332100. ORCID: 0000-0002-4568-1781.

Tatyana L. Kravchuk, MD, PhD, hematologist of the Chemotherapy Department, Cancer Research Institute, Tomsk National Research
Medical Center Russian Academy of Sciences (Tomsk, Russia). E-mail: tatkrav@bk.ru. Researcher ID (WOS): J-2342-2017. ORCID:
0000-0002-2048-3404.

Albina V. Danilova, MD, hematologist of the Chemotherapy Department, Cancer Research Institute, Tomsk National Research Medical
Center Russian Academy of Sciences (Tomsk, Russia).

Anna A. Medvedeva, MD, PhD, Senior Researcher of the Nuclear Medicine Department, Cancer Research Institute, Tomsk National
Research Medical Center Russian Academy of Sciences (Tomsk, Russia). E-mail: medvedeva@tnimc.ru. Researcher ID (WOS): D-7455-
2012. Author ID (Scopus): 57188995343. ORCID: 0000-0002-5840-3625.

Ivan G. Sinilkin, MD, PhD, Senior Researcher of the Nuclear Medicine Department, Cancer Research Institute, Tomsk National Re-
search Medical Center Russian Academy of Sciences (Tomsk, Russia). E-mail: sinilkin@tnime.ru. Researcher ID (WOS): C-9282-2012.
Author ID (Scopus): 6506263379. ORCID: 0000-0001-6351-6408.

Olga D. Bragina, MD, PhD, Junior Researcher of the Nuclear Medicine Department, Cancer Research Institute, Tomsk National Re-
search Medical Center Russian Academy of Sciences (Tomsk, Russia). E-mail: rungis@mail.ru. Researcher ID (WOS): E-9732-2017.
Author ID (Scopus): 57190936256. ORCID: 0000-0001-5281-7758.

Victor E. Goldberg, MD, DSc, Professor, Head of the Chemotherapy Department, Cancer Research Institute, Tomsk National Research
Medical Center Russian Academy of Sciences (Tomsk, Russia). E-mail: goldbergve@mail.ru. Researcher ID (WOS): C-8911-2012.
Author ID (Scopus): 54420064600. ORCID: 0000-0003-4753-5283.

Alexey V. Goldberg, MD, Junior Researcher of the Radiation Diagnostics Department, Cancer Research Institute, Tomsk National
Research Medical Center Russian Academy of Sciences (Tomsk, Russia). E-mail: agoldyyy@gmail.com. Researcher ID (WOS): J-6951-
2017. Author ID (Scopus): 57195555542. ORCID: 0000-0001-7829-2515.

Irina G. Frolova, MD, DSc, Professor, Head of the Radiation Diagnostics Department, Cancer Research Institute, Tomsk National
Research Medical Center Russian Academy of Sciences (Tomsk, Russia). E-mail: frolovaig@oncology.tomsk.ru. Researcher ID (WOS):
C-8212-2012. Author ID (Scopus): 7006413170. ORCID: 0000-0001-5227-006X.

CBEJEHUA OB ABTOPAX

Yepuos Baagumup UBaHOBHY, TOKTOP MEUIIMHCKUX HAYK, MPOdEccop, 3aMeCTHTEIb TUPEKTOpa IO HayIHOU pab0Te 1 MHHOBAITMOHHON
nestenbHOCTH, HayuHo-nccenoBaTenbCKuii HHCTUTYT OHKOJIOTHH, TOMCKUI HAIIMOHATBLHBIH HCCIIEIOBATENbCKUN MEAUITUHCKUH IIEHTP
Poccuiickoii akanemun Hayk (. Tomck, Poccus). E-mail: chernov@oncology.tomsk.ru, chernov@tnime.ru, chernov1962@gmail.com.
SPIN-kox: 6301-3612. Researcher ID (WOS): P-1470-2014. Author ID (Scopus): 7201429550. ORCID: 0000-0001-8753-7916.
JynaukoBa Exatepuna AjleKcaHIPOBHA, MJIa (I HAYYHBIA COTPYAHUK OTIACICHUS XUMHOTepanuu, HaydHo-ccnenoBarenbCKuii
HWHCTHTYT OHKOJIOTHH, TOMCKHiT HAIIMOHAJIBHBII HCCIIEI0BATEILCKIUI METUIIMHCKIUH 1IeHTp Poccuiickoii akagemun Hayk (. Tomck, Poccus).
E-mail: ekaterina.dudnikova@list.ru. SPIN-kox: 8202-8396. Researcher ID (WOS): C-8937-2012. ORCID: 0000-0002-8218-8515.

86 SIBERIAN JOURNAL OF ONCOLOGY. 2018; 17(4): 81-87



KINMAHUYECKUE UCCNEOOBAHUA

3eabuan Poman BiaaumupoBuy, Bpau-paauolior OTAeISHUS PaJMOHYKIUIHON AMarHocTuky, HayuHo-nccienoBaTenbCKuii MHCTUTYT
oHKoJyoruu, TOMCKUI HAIIMOHAIBHBIA MCCIENOBATENBCKII MeAUIMHCKI eHTp Poccuiickoii akagemun Hayk (. Tomck, Poccust).
E-mail: r.zelchan@yandex.ru. SPIN-kox: 2255-5282. Researcher ID (WOS): C-8597-2012. Author ID (Scopus): 56901332100. ORCID:
0000-0002-4568-1781.

KpaBuyk Tarbsina JleoHu10BHA, KaH11/1aT MEULIMHCKUX HAayK, Bpau-reMarosior OT/e/IeHUs: XumMuorepanuu, HayuHo-uccnenoBarenbekuit
WHCTUTYT OHKOJIOTHH, TOMCKWIT HAITMOHAIBHBIH HCCIICIOBATEIbCKII METUITMHCKUH IeHTp Poccuiickoii akagemun Hayk (T. Tomck, Poc-
cust). E-mail: tatkrav@bk.ru. Researcher ID (WOS): J-2342-2017. ORCID: 0000-0002-2048-3404.

JlanusaoBa Ainb0una BaaaumupoBHa, Bpau-reMarosior OTaelIeH st XumuoTepanuu, HayuHo-uccineoBareabCkiii HHCTUTYT OHKOJIOTHH,
ToMcKuil HAIIMOHAIBHBIN HCCIICI0BATEIILCKII MEIMIIMHCKHIN IeHTp Poccuiickoit akagemun Hayk (T. Tomck, Poccust).

MensegeBa AHHa AJIeKCaHAPOBHA, CTaplIMil HayuyHbI COTPYAHUK OTJEICHUS PagUOHYKIMAHOW auarHoctuku, HayuHo-
HCCIIEI0BATENIbCKUN HHCTUTYT OHKOJIOIMH, TOMCKHI HAllMOHAJILHBINA HCCIIEI0BATe/IbCKUN MEAULIIMHCKUHN LeHTp Poccuiickoii akagemMuun
Hayk (T. Tomck, Poccust). E-mail: medvedeva@tnime.ru. SPIN-kom: 9110-1730. Researcher ID (WOS): D-7455-2012. Author ID (Scopus):
57188995343. ORCID: 0000-0002-5840-3625.

Cunnnkun Usan I'ennanbeBuy, crapiinii HayyHbli COTPYAHUK OTACNICHUS PAAUOHYKIMIHOM auarnoctuky, Hayuno-uccnenoBarensckuit
WHCTUTYT OHKOJIOTHH, TOMCKWMII HAIlMOHAJBHBIA HCCIICIOBATEIBCKII MEIUIIMHCKUI 1IeHTp Poccuiickoii akagemun Hayk (T. Tomck,
Poccust). E-mail: sinilkin@tnime.ru. SPIN-kox: 7254-3474. Researcher ID (WOS): C-9282-2012. Author ID (Scopus): 6506263379.
ORCID: 0000-0001-6351-6408.

Bparuna Ouabra /IMuTpueBHA, KaHAUIAT MEAUIMUHCKUX HayK, MJIAJIIINA HAy4HBIH COTPYIHHUK OTICICHHUS PaTUOHYKIUIHOU
JmarHocTuku, HayuHo-uccienoBareabCkuil MHCTUTYT OHKOJIOTUH, TOMCKUI HallMOHAIbHBIN UCCIIE0BATEIbLCKUI MEIUIUHCKUI HEHTP
Poccutiickoii akanemun Hayk (T. Tomck, Poccust). E-mail: rungis@mail.ru. SPIN-xox: 7961-5918. Researcher ID (WOS): E-9732-2017.
Author ID (Scopus): 57190936256. ORCID: 0000-0001-5281-7758.

Tonabndepr BukTop EBreHbeBuY, JOKTOp MEIUIIMHCKHX HayK, Mpodeccop, 3aMECTUTENb JUPEKTOPa 1O HAYYHOH U JieueOHOM
paboTe, 3aBeAyIONIMI OTJCICHHEM XUMHOTEpanuu, HaydHo-uccine10BaTebCKUil HHCTUTYT OHKOJOTHH, TOMCKUI HAallMOHATBHBIH
HCCIIeIOBAaTEIbCKUI MEIUIIMHCKUI 1IeHTp Poccuiickoit akanemun Hayk (T. Tomck, Poccust). E-mail: goldbergve@mail.ru. SPIN-kozx:
7587-0560. Researcher ID (WOS): C-8911-2012. Author ID (Scopus): 54420064600. ORCID: 0000-0003-4753-5283.

Tosbadepr Ajexceiit BukropoBuy, Miaammii HayuHblil COTpYJHUK OTAEICHUS JIydeBOll nuarHoctuky, Hayuno-uccienobarenbckuit
WHCTUTYT OHKOJIOTHH, TOMCKWI1 HAITMOHAIBHBII HCCIICIOBATEIbCKII METUITMHCKUH IeHTp Poccuiickoii akagemun Hayk (T. Tomck, Poc-
cust). E-mail: agoldyyy@gmail.com. SPIN-kox: 4415-0138. Researcher ID (WOS): J-6951-2017. Author ID (Scopus): 57195555542.
ORCID: 0000-0001-7829-2515.

®pososa Upuna [eoprueBHa, 1OKTOp MEIUIIMHCKUX HAyK, TIpodeccop, 3aBenyromias OTACICHUEM JTy4eBOU Juarnoctuku, HayuHo-
HCCIIeI0BATENIbCKUN HHCTUTYT OHKOJIOTMH, TOMCKHI HAlIMOHAJILHBINA HCCIIEI0BATe/IbCKUN MEAULIIMHCKUHN LeHTp Poccuiickoit akageMun
Hayk (T. Tomck, Poccust). E-mail: frolovaig@oncology.tomsk.ru. SPIN-kox: 9800-9777. Researcher ID (WOS): C-8212-2012. Author
ID (Scopus): 7006413170. ORCID: 0000-0001-5227-006X.

Qunancuposanue

Aemopul danHoU cmamvu NOOMEePOUNU OMCYMCMBEUe PUHAHCOBOL NOOOEPIHCKUL.
Kongpnukm unmepecos
Aemopbl 06vA61210M, YMO Y HUX Hem KOHMOAUKMA UHMEPECO8

Mocrynmna 22.06.18
ITpunsra B neyats 26.07.18

CUBMPCKUM OHKONMOTUYECKWI XKYPHATT. 2018; 17(4): 81-87 87



OB30PHbI
REVIEWS

DOI: 10.21294/1814-4861-2018-17-4-88-98
Y[IK: 616.351+616.345]-036.22-084.577.22

[ns uutnposanus: Jafarov S., Link K.H. Pa3ninive paka TONCToi 1 NpsiMO KULLKW C TOYKW 3DEHIS SNGEMUONIOTUN, KaHLieporeHe-
3a, MONEKyNsAPHOI 61oMnoruK, NepPBUYHON M BTOPUYHON NPOUNAKTIKM: AOKMMHMYECKUE 1ccnefoBaHNs. CUBMPCKMiA OHKOMOMYECKWiA
xypHan. 2018; 17 (4): 88-98. — doi: 10.21294/1814-4861-2018-17-4-88-98.

For citation: Jafarov S., Link K.H. Colon and rectal cancer are different tumor entities according to epidemiology, carcinogenesis,
molecular- and tumor biology, primary and secondary prevention: preclinical evidence. Siberian Journal of Oncology. 2018; 17 (4):
88-98. — doi: 10.21294/1814-4861-2018-17-4-88-98.
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C TOYKU 3PEHUA ANMUOEMUONIONMN, KAHLIEPOIEHE3A,
MONEKYNAPHOW BUONOIrM1, NEPBUYHOU U BTOPUYHON
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AHHOTauus

BBegeHue. Pak TONCTOM M NPSAMON KULLIKN — pa3Hble OMyXOmnu C KIMHUYECKON 1 B1onorniyeckomn Todek 3pe-
Hus1. B HacTosiLLee BpeMs pak TONCTOM M NPSIMON KULLKUM CUHOHUMUWUYHO Ha3biBalOT KOMOpeKTanbHbIM PakoM.
OcHoBbIBasiCb Ha HalleM onbiTe B (hyHAAMEHTarbHbIX U KITMHUYECKUX NCCIeA0BaHNsIX B 3Ton obracTu, Mbl
MPULLIN K BbIBOAY, YTO TEPMUH «KOMOPEKTarbHbIA pak» HEOBXOAMMO NeEPECMOTPETb, Er0 HEMNb3si UCMNONb30-
BaTb kak obobLiatollee noHsTne. Matepuan u metoabl. bbiny NpoaHannamMpoBany AaHHble NUTepaTypbl
1 coBCTBEHHbIE pe3ynbTaThl MCCneaoBaHuii, YToObl JoKa3aTb UMM OTKMOHUTL 3Ty rynotesdy. PesynbTarhbl.
BbisiBneHbl cnegytoLne o4eBMaHbIE pa3nuyms: pUCK pa3BUTUS paka NnpsiMou KULLKK B 4 pa3a Bbille, YeM paka
TOMNCTOW KNLLIKW; MOSIEKYNSAPHBIN KaHLLepOreHe3 Npu pake TONCTON KMLLIKA OTIMYaEeTCs OT paka NpsMON KULLKU;
dumsnyeckas akTMBHOCTb NMOMOraeT NpeaoTBPaTUTb pak TONCTOW KULLIKKX, HO HE MPAMON KULLIKW; CYLLLECTBYHOT
NaTormcToNorM4eckne pasnuumsa Mexay pakom nNpsiMor 1 TONCTON KULWKKU. KpoMe Toro, MMeTCs 3HaunTeNb-
Hble KMMHWYECKUE OTNMYMA MEXIY 3TMMUN 3110Ka4eCTBEHHbIMU HOBOOOPa30BaHUSIMU, Takne Kak pasnuyHas
Xupyprudeckasi Tonorpacus n o6bembl onepauuii, pasHble NokasaHus As Ha3HavYeHst KOMOUHMPOBAHHOIO
NeYeHns1, MOCKOMNbKY pak NPSIMOM KULLKM MEHee YyBCTBUTENEH K XMMUOTEPanuu, Yem pak TONICTON KULLIKK, U
OTNNYAOTCA MPOrHOCTMYECKNE hakTopbl 3PMEKTUBHOCTN MyNBTUMOAANBLHOM Tepanuy (Hanpumep, TuMuaunar
CUHTEeTasa U AMrMApPONMPUMUANH AernaporeHasa). Aunckyccus. Pak TONCTon n NpsiMon KULLKX onpeaeneHHo
pasnuyaroTcsi No aTMonorMm n dopManbHOMy KaHueporeHesy, 3eKTMBHOCTM NEPBUYHOM NPOMUNaKTUKK,
CBSI3aHHOW C (h13N4ECKON aKTUBHOCTbIO, 0OBIYHOM 1 MO NapameTpaM MonekynspHon natonorun. CornacHo
HalMM OaHHBbIM, MOXHO YTBEpXAaTb, YTO C LOKMMHUYECKOW TOYKM 3PEHMS PaK TONCTOM U MPSIMOM KULLIKM
SABMATCS ABYMS pa3HbIMM OMYXONSMU, MOCKONbKY 06naaatoT pasnunyHbIiMy penpeseHTaTnBHbIMK bronornye-
CKMMW XapakTepucTkamu. Pak TONCTow 1 NPSIMOW KULLIKM TaKKe CYLLECTBEHHO pasnmnyatoTcst N0 MHOMUM Kiu-
HMYECKMM NpU3HaKaMm, 4To ObINo ykasaHo B OTAENbHOW cTaTbe, NpeAcTaBMNeHHOW Hallel nccrneaoBaTernibCKon
rpynnon. 3aknto4veHune. TepMrH «KONMOpPEKTarnbHbI pak» He JOIMKEH UCMONb30BaThCst B DyHAaMEHTanbHbIX
N KITMHUYECKNX UCCNEAOBAHMAX, Kak onpeaeneHe eamMHoro 3aboneBaHns. Pak ToNCTom KULWKK HE OAHO U TO
e, YTO U paK NPSIMOW KULWKK. 3N10Ka4eCTBEHHbIE HOBOOOPA30BaHUSA TONCTON KULLKM MOTYT ObITb pa3feneHsi
Ha pak NpaBoK U NEBON NONOBMHbI 00040YHOW KULLIKW.

KnroyeBble cnoBa: KOHOpeKTaHbHI:Iﬁ PakK, pak TOJICTON KWULLKM, pakKk I'IpSIMOI7I KULLKKU, MOJEKYIsipHble
MapKepbl, anMaemMuornorus, npodunakTvka, AOKIIMHMYECKMe uccnenoBaHus.
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Abstract

Introduction. Colon and rectal cancer (CC, RC) are different entities from a clinical and tumor biological
point of view. Up to now, both, CC and RC, are synonymously called “Colorectal Cancer” (CRC). With our
experience in basic and clinical research and routine work in this field we now have come to the opinion,
that the term “CRC” should definitely be questioned, and if justified, be abandoned. Materials/Methods. We
analyzed the actual available data from the literature and our own results from the Ulm based study group
FOGT to proof or reject our hypothesis. Results. The following evident differences were recognized:

Anatomically, the risk to develop RC is 4x higher than for CC. Molecular changes in carcinogenesis in CC
are different from RC. Physical activity helps to prevent CC, not RC. Pathologically there are differences
between RC and CC. In addition, there are also major clinical differences between CC and RC, such as in
surgical topography and- procedures, multimodal treatment (MMT) approaches (RC in MMT is less sensitive to
chemotherapy than CC), and prognostic factors for the spontaneous course and for success of MMT (e.g. TS
or DPD). Discussion. CC’sand RC's definitely are different in parameters of causal and formal carcinogenesis,
effectivity of primary prevention by physical activity, conventional and molecular pathology.According to our
findings we can demand from the preclinical point of view that CC and RC are two different tumor entities in
terms of various representative biological characteristics.CC and RC are also differing substantially in many
clinical features, as outlined in a separate paper from our group. Conclusion. “CRC” should no longer be
used in basic and clinical research and other fields of cancer classification as a single disease entity. CC is

not the same as RC. CC might even be divided into right and left CC.

Keywords: colorectal cancer, colon cancer, rectal cancer, molecular markers, epidemiology,

prevention, pre-clinical trials.

Introduction

Colon- and rectal cancer (CC and RC) up to now
are regarded as a single tumor entity, “Colorectal
Cancer”/CRC, in all fields of basic- and clinical
research as well as in clinical practice. This is based
on the assumption that CC and RC develop in the
large bowel, thought to be a similar organ from the
ileocecal valve up to the dentate line as boundaries to
the small bowel on the oral edge and to the anal canal,
sphincter ani, and skin, aborally. The term “CRC”
has been based on the similar anatomical structure
(Mucosa, muscular layer, serosa +/-), function (stool
concentration, fluid resorption, stool transportation
and excretion) of the organ, and histology of CC
and RC. Our groups for decades have worked on
colon- and rectal cancer in basic-, translational-,
and clinical research projects. We also have been
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involved in national projects to structure and improve
treatment of colon- and rectal cancer patients
(Interdisciplinary Ulm-based “Forschungsgruppe
Oncologie Gastrointestinale Tumoren” (FOGT);
German Cancer Society (DKG) -S3 Guide lines, DKG
structural commision for DKG Large Bowel Centers,
Surgical Group for Visceral Oncology (CAO-V)) and
organized in part nationwide activities/projects for
disease prevention for the Hessian and German Cancer
Societies (HKG, DKG): (“1000 Mutige Méanner”
(a project to motivate for preventive colonoscopy),
and “du bist kostbar”’(nationwide DKG-projects for
cancer prevention and living with cancer (www.
dubistkostbar.de)). With those activities, and the
associated knowledge and experience we came to the
conclusion that summarizing CC and RC to “CRC”
must be questioned. Therefore, we analyzed the
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literature to landmark characteristics of CC and RC,
such as epidemiology, carcinogenesis, prevention,
clinical symptoms, diagnosis, multimodal therapy and
clinical results to find out, whether there are significant
homogeneities between CC and RC justifying the
definition “CRC” or rejecting it. Our experience and
the results of two large multimodal treatment studies,
FOGT 1 (adjuvant chemotherapy of colon cancer)
and FOGT 2 (adjuvant radiochemotherapy of rectal
cancer) were included in the analytic set up at highest
evidence levels. Rejection of the term “CRC” would
divide CC and RC as self standing tumor entities.
Recent publications concerning the molecular biology
of these tumors support this hypothesis. In this paper
we present the preclinical differences between CC
and RC.

Materials and Methods

For recapitulating the basic known information
we described the current anatomical/topographical
definitions of the colon and the rectum, the macro- and
histopathology of colon and rectal cancers in standard
literature/books/actual S3 guide lines on “colorectal
cancer”. Then we analyzed actual reports (papers and
abstracts)in English language on the epidemiology,
etiology, formal and molecular carcinogenesis,
hereditary syndromes, preventive possibilities, clinical
symptoms, diagnostic procedures, surgical procedures,
multimodal therapies, follow up, and short term
results/long term results. We analyzed more than 2000
publications available from Pubmed, Medline etc.
concerning these fields between 2000-2018 using the

Y ¢ 9% <C

keywords “colorectal cancer”, “colon cancer”, “rectal
cancer”, “‘chemosensitivity of colon and rectal cancer”,
“chemotherapy”, “surgery”, “radiochemotherapy”,
“randomized clinical trials”, “molecular biology”,
“prognostic factors”, and others. We also took
informations from the German S3 Guide Lines
“Colorectal Cancer” from the versions 2008 and 2013.
Results from the data bases from the FOGT trials on
improvement of multimodal adjuvant chemotherapy
in CC (FOGT1) and adjuvant radiochemotherapy in
RC (FOGT2) and associated publications [1, 2] were
used to substantiate or reject our hypothesis. The
results concerning the preclinical informations are
presented.

Results

Anatomically/topographically the rectum is
defined as large bowel up to the edge of 16 cm from
the anocutaneous line. The lower third reaches up
to <6 cm, the middle third from 6-12 c¢cm, and the
upper third from >12-16 cm. The upper third has an
intraperitoneal position, while the two lower two thirds
are located extraperitoneally in the small pelvis. The
upper edge of the rectum may also be defined by the
confluens of the three colon tenias to a single rectal
tenia. The topography of the upper third is varying
between males and females. The two lower thirds
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have a sophisticated topography concerning the
mesorectal structures, fascias, nerval and vascular
anatomy to/from and around the rectum and position
adjacent to the male/female ventrally located sexual
organs and pelvic vessels and — nerve structures [3—6].
The venous blood from the lower two rectal thirds is
flowing via the internal iliac veins and the inferior
caval vein into the lungs, from the upper third via the
inferior mesenteric vein into the liver. The venous
outflow of the colon is directed into the liver via the
inferior (colon sigmoideum and colon descendens)
and superior (transverse colon and colon ascendens)
mesenteric veins into the liver. The arterial blood
supply of the colon descendens, sigmoid colon and the
upper rectal third comes from the inferior mesenteric
artery, while the rest of the colon is supplied by the
superior mesenteric artery. The lower two rectal thirds
receive their arterial blood supply via the internal
iliac arteries [7—10]. The lymphatic drainages of the
rectum are led in parallel to the inferior mesenteric
vein (upper third) or along the pararectal/internal
iliac lymph streets (middle third) or along the inferior
rectal artery (lower third) [11, 12]. The innervation
of the rectum is supplied by the superior and inferior
hypogastric plexus (superior plexus = N.sympaticus;
inferior plexus = N.sympaticus and N.parasympaticus).
These plexus not only are responsible for the pelvic
organ function, including the lower two thirds of the
rectum [12—15]. The nerve supply of the colon runs
along the arterial vascular supplies as described above.
Regarding the surrounding structures, the topography
of the rectum, especially of the lower two thirds, is
much more hazardous to the surgeon (plexus, internal
iliac vessels, ureters, sexual organs etc.) than that of
the colon (ureters, portal- and splenic veins, lower
pancreatic edge) — of course with consequences to
the skills required for the surgical procedures and the
curative limits in T4 stages. Surgery of rectal cancers
with the aim of sphincter preservation is significantly
more demanding than surgery of colon cancer and
the difficulties, such as anastomotic insufficiencies
and/or nerval injuries, increase the further down the
tumor is located.

The topographic position of the rectum and its
function for the patient imposes more perception than
the colon and for surgical treatment imposes more
challenges and risks for malfunction and irreversible
damage concerning continence and lesions of
surrounding structures resulting in major bleeding or
malfunction pelvic organs.

Macroscopically there are four forms of colon
cancers: Bowel shaped and ulcerating (55-60%),
polyp-caulifiower form of growth (25%), flat forms
(15-20%, and diffuse infiltrating (1%). Exophytic
growth is predominant in the proximal colon, while
growth is endophytic ring shaped in the distal colon [16,
17]. RC may be growing exophytically, endophytically
with ulcerations and intramural expansion or diffuse
infiltrating with linitis plastica [12].

SIBERIAN JOURNAL OF ONCOLOGY. 2018; 17(4): 88-98



OB30PbI

Colon and rectal cancers may have different
macroscopic appearances.

In formal carcinogenesis 85-90% of the cancers
arise from low grade or high grade intraepithelial
neoplasias (LGIN, HGIN [18]) mainly in form of
adenomas. These are classified as tubular (75%), villous
(10%) or mixed (15%) with a malignant transformation
risk of 4.8% (tubular), 19% (mixed), and 38.4%
(villous) [14, 19]. Most of the malignant tumors
are mucinous or non-mucinous adenocarcinomas,
others have signet ring, anaplastic or squamous cell
differentiation with worse prognosis [20]. Low risk
cancers (L0) have high or intermediate differentiation
(G1, G2) high risk cancers (L1) have a bad or
undefinable differentiation (G3, 4) [3, 17, 18, 21].

CC’s and RC’s epidemiologically usually are
registered as CRC’s. The incidence of CRC in Europe
is higher than in Africa or Asia, but lower than in the
US [22, 23] and is associated to nutritional habits
concerning fat- and meat consumption [24]. The sex
distribution in CRC disease favours male (53%) vs.
female (47%), but the risk to develop a RC in males is
1.5 the risk in females, while females are predominant
in developing cancers in the proximal colon (46%
females vs. 38% males (1.2:1)). In the last four
decades there was a “shift to the right” with increasing
incidences in the right hemicolon; currently 15-35%
of the cancers are located in the rectum, 25% in the
right hemicolon [25-30]. According to the statistics of
the American Cancer Society in 2015 [31] out of 129
700 newly registered CRC’s 93.090 (72%) cancers
were diagnosed in the colon, and 39.610 (28%) in the
rectum, resulting in a proportion of 2.5:1 (CC:RC).
This may suggest that the carcinogenic risk in the
colon is higher than in the rectum.

There is a shift to the right meaning that the incidence
of CC is increasing, that of RC decreasing.

To our analytic calculation, however, the
carcinogenic risk in the rectal mucosa by far
exceeds that in the colon mucosa due to the fact that
the area at risk in the colon definitely is larger than
that of the rectum. The area simply can be related to
the length of the colon (150 cm) or rectum (16¢cm).
Thus the incidence of CC in the US in 2015 per
cm of the colon is 621cm™ (93.090/150=620.6) vs.
2479cm rectum™ (39.610/16=2478.6) resulting in
a relation of at least 1:4. In other words, the rectal
mucosa has at least 4x higher risk for malignant
transformation than the colon mucosa, which either
depends on various susceptibilities to carcinogens or
to various carcinogenic processes in the colon and in
the rectum.

Histopathologically in early CC’s and RC’s
mucosal lesions (polypoid, nondepressed type) are
more frequently located in the colon than in the rectum
(right hemicolon 51%, left hemicolon 35%, rectum
14%), while submucosal lesions more frequently occur
in the rectum (Figure 1a); mucosal lesions with villous
components were found more frequently in the rectum
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(right hemicolon 2%, left hemicolon 5%, rectum 13%
[32]. The absolute values for frequency of mucosal/
submucosal lesions of the depressed type are higher in
the rectum than in the right colon. (Figure 1b) [32]. The
Japanese authors describing this phenomenon suggest
that different carcinogenic mechanisms are the reason
for this differing histopathologic appearance of colon
vs. rectal cancers [32].

In CC mucosal lesions are more frequent than
inRC, in RC submucosal lesions are more frequent.

The difference in the incidences of hereditary
syndromes involved in the development of CC vs. RC
implicates that the molecular carcinogenesis in CC
seems to be different from that in RC. HNPCC manifests
predominantly in the colon/proximal colon, while FAP
predominantly is causing the cancer in the distal colon
or rectum, but also occurs in the rest of the colon [33,
34]. Various characteristic differences between HNPCC
and FAP are summarized in Table 1.

Macroscopically the APC type shows polypoid
growth, while the growth pattern of the MSI type
is flat. MSI types more frequently occur in the right
colon (44% in the right colon vs. 25% in the left colon;
p<0.01), while polypoid cancers are more frequent in
the left (59%) vs. right (40%) colon (p<0.01) [35].
The flat growing early precursors of early cancers are
significantly more difficult to detect than the polypoid
growing early cancers [35-37].

HNPCC predominantly occurs in the right colon,
for APC there is no predominance. CC and RC from
a molecular biological point of view may be regarded
as MSI- or APC types. MSI types are more frequent in
the proximal colon and flat, APC types are polypoid.
CC and RC differ in their chromosomal and molecular
profiles as well as in enzyme expressions. There is no
clear cut boundary between rectum and descending
colon [38].

When regarding all CC’s vs. RC’s in their molecular
carcinogenic alterations, differences in molecular
profiles and enzyme expressions between CC and RC
become evident (Table 2). For example, MSI more
frequently is detected in proximal CC’s than in RC’s
[39—43] which is also the case in HNPCC patients [34,
44-46]. When compared to RC, proximal CC’s more
frequently show mutations in BRAF (Serin/Threoinin-
Kinase- V600OE [41, 47, 48], the expression of the
CPG-Island Methylator-Phénotype (CIMP) [49-51],
high gene expression of HOX [50] and CDX2 [52],
increased mutation of KRAS [53] and higher levels
ofactivated MAPK-signal transduction pathways [54].
In distal CC and in RC the following changes/molecular
characteristics are more frequent when compared to
proximal CC: Positivity of chromosome instability /
CIN) [49], stability of microsatellites (MSS) [33, 34,
55], which is also the case in FAP [56]. The genes for
EGFR or HER2 are amplified [57], p53 is mutated [58,
59], Wnt-signal-pathways in carcinogenesis activated
[44, 60—62] in favour of distal CC’s and RC’s. The
importance of p53 in carcinogenesis of colon and
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rectal cancer has been extensively described by Harris
[63]. CC’s and RC’s also differ in protein expressions
significantly, which are higher for Cyclin D3 and
cMyc in CC (p<0.001) and for Cyclin D1, Cyclin E
and Nuclear beta-Catenin in RC (p<0.001) [59]. High
TS expression in CC correlates to better survival in
the spontaneous course [58, 64, 65] or after adjuvant
chemotherapy in CC [66—69]. Vice versa in RC, high
TS either correlates to worse survival [70-72] or is
meaningless [73]. The hereditary cancer syndromes
HNPCC (2-7% of all “CRC”’s) and FAP (1% of all
“CRC”’s) are differing in their molecular chromosomal
changes [38]. FAP has an APC-Gene mutation (APC

type; 60% of all “CRC”’s), while in HNPCC the germ
chromosomes are mutated in their DNA information
for MMR-genes (MLH1, MSH2, MSH6, PMS1, and
PMS2) leading to MSI (MSI type) [44, 45, 74]. CC’s
and RC’s may be categorized according to the features
of the APC type (about 2/3 of CC+RC) and the MSI
type [21, 75, 76].

Innovative for the classification of “Colorectal
Cancer” were the findings of an international
consortium analyzing molecular, enzymatic and
immunogenic features and microscopic growth patterns
including angiogenesis. With their data collection, the
CRC Subtyping Consortium (CRCSC) defined four
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Figure 1a: Comparison of the incidences of depressed and
non-depressed types of neoplastic lesions in the rectum, the left
colon, and the right colon. (A) Mucosal lesions, (B) submucosal

cancers. A significant difference in the macroscopic type was
noted between the rectum and the colon (p < 0.001). The inci-
dence of depressed submucosal cancers in the right colon was

significantly higher than that in the rectum (p = 0.0472). [32]
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Figure 1b: (A) Relationship between the location and the size
of non-depressed mucosal lesions. (B) Relationship between
the location and the incidence of villous components in non-
depressed mucosal lesions. (C) Locations of mucosal lesions and
submucosal cancers. [32]
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Table 1
Differences between FAP (familial adenomatous polyposis coli) and HNPCC (hereditary non-polyposis
colorectal cancer)

FAP HNPCC
Prevalence rate 1 % of all colon and rectal cancers 5% “CRC”
Phenotype > 100 polyps Only a few polyps can be present
Genotype APC gene mutations Germline mutations of the DNA MMR
genes
Age of onset In most cases, from 20 to 25 years From, on average,year44 onwards
Localization Colon, rectum; associated disease Right colon; associated disease locations:
locations: bones, eyes, duodenum endometrium and also (considerably rarer)

stomach, ovaries, pancreas, ureter, renal
pelvis, cystic ducts
Transformation to colon 100 % to colon and/or rectum cancer 50-70 % to colon cancer
and/or rectum cancer

Table 2
Differences in carcinogenesis, molecular genetic profile, histopathology, and biology of sporadic
colorectal cancer compared with rectal cancer

Distal colon and

Mutation/Expression Proximal colon cancer Author(s)
rectum cancer

Chromosome instability (CIN) NO YES [49, 56]
Microsatellite instability (MSI) YES NO [39]
EGFR and HER2 amplification NO YES [57]
CpG hypermethylation(CIMP) YES NO [49]
BRAF mutation (BRAF-like) YES NO [48]
KRAS YES NO [59]
p53 NO YES [58]
HOX gene YES NO [50]
CDX2 gene YES NO [52]

Thymidylate synthase YES NO [70, 71]
Cyclin D3 and c-Myc YES NO [59]
Cyclin D1, cyclin E and nuclear -catenin NO YES [59]
Activation of MAPK-pathways YES NO [54]
Activation of Wnt-pathways NO YES [44]
Mucosal lesions (non-depressed type) YES NO [32]
Submucosal lesions (non-depressed type) NO YES [32]
Mucosal and submucosal lesions (depressed type) YES NO [32]

YES —Often positive or frequent incidence, NO — often negative or rare incidence

Table 3
Effects of different prevention measures on the two cancer entities

Decreased incidence

Prevention measure Colon cancer Rectum cancer
. .. YES NO
Physical activity [53, 80, 81, 84-86] [81, 84-86]
YES NO
Low BMI [53, 86, 87] (86, 87]
YES NO
Reduced energy uptake (53] 87]
NO YES
COX-2 inhibitors in case of HNPCC in case of FAP
(there are no sufficient data) [88-90]
Aspirin YES NO
P [91] [91]

HNPCC — Hereditary non-polyposis colorectal cancer; FAP — familial adenomatous polyposis coli.
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robust consensus molecular subtypes CMS1-4 [77].
Most interestingly, CMS1 tumors were frequently
diagnosed in females with right sided lesions and
presented with higher histopathological grade. CMS2
tumors were mainly left sided. CMS4 tumors tended
to be diagnosed at more advanced stages (UICC III
and IV) and displayed worse overall and relapse
free survival (in the multimodal PETACCC-3 trial
involving adjuvant CT in CC UICC III). After relapse
(and treatment of relapse), survival was superior in
CMS?2 patients and very poor in the CMS1 population
[77]. In our literature analysis looking at various factors
relevant for CC and RC on the molecular and protein
level, many of them included in the CRCSC-analysis,
we found out, that the proximal colon and the distal
colon+rectum show evident differences in expression
(Table 2). The multi-omic analysis of CC’s confirmed
the substantial differences between right- and left sided
CC on the molecular genetic level [78].

A difference in carcinogenic principles might also
be the reason for the different effectivity of primary
preventive measures by physical activity, as pointed
out in a review in 2000 on the impact of nutrition
and physical activity on the development of CC/RC
[79]. It now has been reported by various groups that
physical activity at higher levels might reduce the
incidence/risk for CC [80—83] by up to 40%, but has
no influence on the incidence/risk for RC [81, 84-86].
In the Cancer Prevention Study II Nutrition Cohort
involving 70.403 men and 80.771 women, the risk for
CC was significantly reduced by 16% (RR 0.84, 95%
KI10.59-1.20) in participants practicing actively sports
(79% of all study participants), while this was not
observed in RC [85]. The results of various preventive
trials involving sports activities, BMI, reduced energy
intake or medical intervention with COX-2-inhibitors
or aspirin are summarized in Table 3.

In summary, CC differs from RC in terms of
molecular biological parameters. CC may be prevented
by physical activity, while this cannot be achieved to
prevent RC.

Discussion

In terms of epidemiology “CRC” has varying
incidences, when continents/civilizations are compared.
The male: female ratio in US statistics for incidences
2006-2010 was 1.3:1 in all CRC, but 1.6:1 in RC
[29]. The location during the decades shifted from
the left/rectum to the right [26, 92], and meanwhile
patients with cancer in the right colon are older and
more frequently females than males [28]. The most
frequent locations are the right hemicolon (48%) and
the rectum (28%) [29]. Up to now there are no exact
data to show, whether the proportion CC:RC shows a
difference in the various continents analyzed. In the
Western countries, two thirds of “CRC” is located
in the colon, one third in the rectum [3, 23, 29, 92].
This implicates, that the colon is more susceptible
to develop cancer than the rectum, which is not the
case. We set the 2015 US-incidence in proportion
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to the length of the organ at risk (colon 150 cm,
rectum 16 cm) and came to the conclusion, that the
rectum mucosa is four times more prone to malignant
transformation than the colon mucosa!.

In the Western countries from a macroscopic/
histological point of view colon cancers may have
different growth patterns than rectal cancers [22,
23, 92]. The appearance of flat lesions (depressed
type) is more frequent in the colon than in the rectum
[32], thus more difficult to detect as early cancers,
while the polypoid nondepressed types with villous
components (easier to detect) were more frequent
in the rectum [32]. The authors contributed their
observation to possible differences in carcinogenesis
colon vs. rectum [32]. When looking at the formal
carcinogenesis, one first has to begin with analyzing
differences in the most frequent autosomal dominant
inheritable “CRC” cancers, HNPCC and FAP. HNPCC
preferably is located in the right hemicolon, with
FAP cancers there is not such a clear preference,
but there is a tendency to left hemicolon- or towards
the rectum cancers. Both entities differ substantially
in their abnormalities on the chromosomal/DNA-
mutational and enzymatic levels. FAP is an obligate
precancerous disease; HNPCC may still be regarded
as facultative, but has an expression rate of 50-70%
[21]. The basis for FAP is an inherited mutation in
the APC Gene (initiation) with the consequence of
several carcinogenic steps (promotion). About 60-70%
of sporadic CC and RC’s have the same “APC-type”
formal carcinogenic pathway [21, 93-96]. In HNPCC,
a mutation in the mismatch repair gene family (MMR)
is the germ defect responsible for a sequence of
molecular changes which eventually lead to CC or,
rarely, to RC and, in addition to cancers of extracolic
adenocarcinomas (CC only: Lynch-Syndrome I, CC
and extracolonic cancers: Lynch-Syndrome 1I) [44,
45,74, 95, 97, 98]. The gene-defect, responsible for
the HNPCC type of cancer is detected pathologically
(PCR or Immunohistology) in the tumor tissue as
“Microsatellite““in the inheritable syndromes, but also
in sporadic cancers which are classified as MSI-type
CC or RC.The in male to female proportions in tumor
locations (e.g. males get more RC than females, and
females more proximal CC’s than males and the shift
of “CRC” incidences to the right, and the preferred
locations either in the (proximal) colon (HNPCC's or
MSI-type noninheritable “CRC”) or in the distal colon/
rectum (APC type of “CRC”) and our hypothesis to
carcinogenic susceptibility (see above) all support our
hypothesis, that CC and RC are different tumor entities
in terms of carcinogenic processes. When various
alterations on the chromosomal- , gene- or protein
levels were analyzed in the tumor tissue, marked
differences between the “proximal colon” and the
“distal colon and rectum” appeared (see Table 2). The
possibility to prevent CC by (high) physical activity,
but not RC indirectly supports our conclusion, that
major carcinogenetic processes in CC are dissimilar
from RC.
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Very interesting and new findings concerning
the classification of CRC’s were generated by the
CRCSC Subtyping Consortium in 2015: The group
subclassified “CRC’s” from 4151 samples/patients
(according to various features from the molecular
up to the histopathologic and immunogenic levels
(27 unique subtype labels)) into the four distinct
subtypes CMS1-4. (and an additional “mixed group”)
using a very heterogenous tumor population from CC
and RC patients with/without surgery, with/without
multimodal therapy, with a variety of multimodal
treatments, and applied various analytical methods and
very sophisticated biometrics. The groups CMS1-4
had various distinct biological properties. Most
interestingly, two of the CMS-groups were associated
to embryologically different parts of the colon: CMS to
right sided lesions, and CMS2 mainly to the left sided
lesions [77]. The tumor tissues/data were supplied by
6 different working groups who either had their data
from “CRC”- or CC- samples/patients. There was no
distinct differentiation between CC and RC [77]. In
spite the facts that no separate views seem to have been
shed on CC primary tumors as a whole vs. RC primary
tumors, and that 858 patients/samples from primary
tumors were excluded from the primary analysis,
the new system implies, that the large bowel cancers
seem to have significantly different characteristics,
which eventually may become relevant for treatment
individualization accordingto these groups. CRCSC
proposes a new taxonomy of colorectal cancer
reflecting significant biological differences in the
gene expression-based molecular subtypes, which is
supported by others [78, 99, 100]. We are thinking that
this demand for a change in looking at “CRC” with a
very complicated classification system is generalizing
too early and mainly based on a molecular primed
classification view. More facts need to be respected for
dividing the term “CRC” in organ related taxonomic
entities.

Various prognostic molecular or enzymatic factors
have been tested in CC, RC, and “CRC” in the
spontaneous courses or in multimodal therapy with
the aim to have a better individualized treatment- and/
or patient selection to avoid unnecessary potentially
toxic CT’s or RCT’s. We and a few other groups[101,
102] were the first to study the potential role of TS and
DPD to individualize patient selection for adjuvant/
neoadjuvant and for palliative treatment in “CRC”
[67, 79, 103] and conducted the first prospective
randomized trial for treatment of metastases [104],
always in translational projects with the USC Cancer
Center in Los Angeles and the laboratory of P.V.
and K.Danenberg, coworkers of the late Charles
Heidelberger (teacher and inspirator of one of the
authors (K.H.L.) to introduce individualization to
surgical oncology). Up to now, there is a tendency in
results from multimodal trials, that these molecular
prognostic factors, e.g. TS and DPD, may be used for
treatment individualization — with different results
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in CC- vs. RC-multimodal treatment. E.g. low TS
might be associated with a benefit from RCT+CT in
RC, and high TS in adjuvant CT of CC. Reimers et
al. have suggested a cocktail of modern prognostic
factors for patient selection in neoadjuvant treatment
of RC [43], however, this approach due to the lack of
unanimous convincing data obtained by best methods
determined in translational research consensus is far
from routine yet.

Regarding our findings, we strongly suggest to
accept CC and RC as different tumor entities in all
aspects of experimental and clinical research. The term
“CRC” should be historical.

Summary and conclusion

We collected data on various relevant levels to
question the term “colorectal cancer” and, if indicated,
suggest to replace it by “colon cancer” (CC) and
by “rectal cancer” (RC) separately, if the tumor is
located/has been the origin of the primary tumor in
the corresponding location. Basic and clinical research
groups should respect this change of nomenclature.
With our ample experience in carcinogenesis,
prevention, surgery and multimodal therapy of primary
CC and RC primary tumors and their metastases and in
treatment individualization by molecular/cell culture
methods and on the basis of the following collected
data/experiences we think, that this recommendation
is justified. The CMS system suggested by the CRCSC
group also suggests taking a distinct look at the broad
nondifferentiating term “CRC”. Our opinion, that CC
and RC are distinct tumor entities is supported by the
facts that CC and RC seem to be submit two different
pathways in initiation and promotion (carcinogenesis:
HNPPC and MSI type of CC mainly located in the
proximal colon, FAP and APC type without clear
preference, but a tendency to the left colon and to
the rectum), have a different susceptibility to/way
of carcinogenesis (rectal mucosa is four times more
susceptible to malignant transformation than colon
mucosa) and to preventive principles in carcinogenesis
(active sports may prevent CC (up to 40%), but not
RC), that tumors shift to the right and female sex is
dominating in proximal (right) CC’s (due to a change
of carcinogenic principles). The clinical parameters of
differences between CC and RC, such as in surgical
techniques with morbidity/mortality and long term
results, the responses and toxicities (= the benefit) of
multimodal therapy (MMT) and molecular/clinical
prognostic factors in the spontaneous course and after
MMT, are analyzed and reported in a separate paper
[105]. CC and RC have different profiles from the
view of many preclinical (and clinical) parameters.In
basic and translational research concerning “CRC”,
Colon Cancer (CC) and Rectal Cancer (CC) should be
regarded as different tumor entities. CC may even be
subdivided in right sided CC and left sided CC (and
male vs. female).
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AHHOTauus

B 0630pe npoaHannampoBaHbl AaHHbIE O Ponu xmTnHaszonogobHbix 6enkos (CLP), npuHagnexawumx K ce-
mencTy 6enkoB, cogepxalumx Glyco 18 gomeH n He obnagatoLmx epMeHTaTMBHON akTUBHOCTbLIO, Npu
pa3nMyHbIX 3N10Ka4YeCTBEHHbIX HOBOOBOpa3oBaHuAX. Y yenoseka naeHtuguumposaHo 3 tTakmx 6enka: YKL-40
(CHI3L1), YKL-39 (CHI3L2) 1 ctabunuH-ceasbiBatowmmn CLP (SI-CLP). XutuHasononobHele 6enku, npoayLm-
pyeMble pasnnyHbIMU TUNaMK KIETOK, B TOM YXCHEe OnyXoneBbiMU, NPOABIAT akTUBHOCTb KakK LIMTOKMHbI 1
pocToBble haKTOpbl, a Takke OHW BOBIIEYEHbI B NpoLiecchl BocnaneHus. Beicokuit ypoeeHbs CLP onpenensetcs
B LIMPKYNMPYIOLLIEN KPOBM NPU BOCManNUTENbHbIX 3a60MneBaHnaX 1 pasHblX NoKanusauusx 3fokavyecTBeHHbIX
onyxonen. OcseLleHbl faHHbIe O KItodYeBbIX PyHKUmMsX CLP B hr3nonorniyecknx n natonornyeckmx yCrioBusx.
MpoananuanpoBaHbl cBeaeHns o BosneveHnn CLP B npouecchl nHBa3um, MeTacTasnpoBaHus, aHrmoreHesa,
NX CBSI3K C onyxoneson nporpeccuen. MNMpeacrasneHbl COGCTBEHHbIE pe3ynbTaThl, NoOATBEPXAAOLWNE nep-
CNEKTUBHOCTb paspaboTkn NPOrHOCTUYECKMX U NpeacKasaTenbHbIX Mapkepos Ha ocHoBe CLP npwu 3nokave-
CTBEHHbIX HOBOOBpa30BaHNSX.
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Abstract

In the present review we collected the main studies regarding the role of chitinase-like proteins (CLPs),
belonging to the family of Glyco_18 domain-containing proteins, in different cancers. In humans, 3 chitinase-
like proteins have been identified: YKL-40 (CHI3L1), YKL-39 (CHI3L2) and stabilin-1-interacting chitinase-like
protein (SI-CLP). CLPs are produced by several types of cells and combine the properties of cytokines and
growth factors. The high levels of CLPs were identified in the circulation of the patients with inflammatory
diseases and various types of tumors. We highlighted the main known functions of CLPs in normal and
pathological conditions, their contribution to metastasis development, angiogenesis, invasion and other
processes in cancer, the correlation of the levels of CLPs with tumour progression. Our data also contribute
to the understanding of question how CLP could be useful for cancer patient benefit.

Keywords: chitinase-like proteins, CLP, YKL-30, YKL-40, SI-CLP, cancer, tumor progression.

Common features of CLPs family

Chitinase-like proteins (CLPs) are structurally re-
semble chitinases that belong to a group of proteins,
which are widely expressed in nature, and distributed
in a wide range of organisms, including mammals,
bacteria, plants, insects, viruses. Proteins with chi-
tinase activity represent evolutionary ancient enzymes
responsible for degradation of chitin, which is the
second most abundant natural compound [1].

Mammalian chitinases and CLPs belong to glyco-
syl hydrolase family 18 (GH18) [2] due to presence of
highly conserved Glyco 18 domain, responsible for
sugar-binding, and catalytic site, which is essential
for hydrolysis of chitin. The prehistoric purpose of
GH18 existence is the degradation of complex sugar
compounds, such as cellulose or chitin, via disruption
of strong covalent or glycosylic bonds in polysaccha-
ridic chains that compose polymer molecules. There
are only two mammalian chitinases identified as func-
tionally active enzymes, which are known as Acidic
Mammalian Chitinase (AMCase) and Chitotriosidase
(CHIT1) and they are both expressed in human [3, 4].
AMCase was firstly revealed in macrophages from pa-
tients with Gaucher disease [5]. The source of secreted
chitotriosidase is abnormal lipid-laden macrophages
that can be classified as a variation of alternatively
activated macrophages, expressing CD68, CD14,
HLA class II, CD163, CCL18 and IL-1-receptor an-
tagonist, but not CD11b, CD40 and pro-inflammatory
cytokines [6].

Chitinase-lake proteins predominantly contain
Glyco-18 domain but not catalytic site (glycosyl
hydrolase function). These proteins are also known
as enzymatically inactive chi-lectins [2]. There are 4
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known mammalian CLPs: YKL-40 (CHI3L1), YKL-
39 (CHI3L2), stabilin-1-interacting chitinase-like
protein (SI-CLP), and YM1/YM2 [7-10]. YM1/YM?2
proteins are only found in rodents. YKL-39 is only
present in humans and absent in rodents. All CLPs
have specific characteristics in carbohydrate binding
site. The binding region is located in (o/p)8 TIM-barrel
domain, which allows CLPs to interact with chitin oli-
gosaccharides with high affinity [10, 11]. It is crucial
to be aware about the binding characteristics of CLP,
because it allows prediction of the binding partners
and, therefore, prediction of biological functions re-
lated to that binding.

YKL-39 is known to bind to chitooligosaccha-
rides (GlcNac)5 and (GlcNac)6 [11, 12], that was
demonstrated by glycan array screening, intrinsic
tryptophan fluorescence and isothermal titration
calorimetry (ITC). There are more binding targets
known for YKL-40; it can bind to type I collagen that
was revealed by affinity chromatography and surface
plasmon resonance [13], to chitooligosaccharides, that
shown in protein X-ray crystallography assay [14];
(GleNac)5 and (GleNac)4 that revealed by the Western
blot [15] and heparin demonstrated by heparin affinity
and HPLC chromatography [16]. ITC analysis showed
that SI-CLP can bind to galactosamine, glucosamine,
chitooligosacharide, (GlcNac)4, ribose and mannose
[17]. It was demonstrated by surface plasmon reso-
nance analysis that YM1 can bind to glucosamine,
galactosamine and glucosamine polymers [18].

The main sources and functions of CLPs
The secretion of chitinase-like proteins was
found in macrophages, neutrophils, epithelial
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cells, chondrocytes and synovial cells, vascular
smooth muscle cells as well as tumor cells (includ-
ing breast, colon, kidney, lung, ovarian, prostate,
uterine, osteosarcoma, glioblastoma) and their
expression was regulated by various cytokines
and hormones [1, 12].

YKL-39 is predominantly secreted by chon-
drocytes and synoviocytes and is recognized as a
biochemical marker for the activation of chondrocytes
and progression of osteoarthritis in humans [19].

YKL-40 is secreted by chondrocytes, synoviocytes,
differentiated vascular smooth muscle cells, fibroblast-
like synovial cells, by macrophages in the atheroscle-
rotic plaque, tumor cells in many cancers [1, 20, 21]. In
vivo, YKL-40 expression was found in places with
intensive tissue remodeling [1]. YKL-40 regulates
cell proliferation, migration, adhesion, macrophage
differentiation, as well as extracellular matrix assembly
and correlates with an elevated level of YKL-40 in
chronic inflammation and connective tissue turnover
[1,22]. YKL-40 promotes the proliferation of chondro-
cytes and fibroblasts, migration and reorganization of
vascular endothelial cells as well as inflammation and
remodeling of extracellular matrix [1, 16]. It induces
the migration of vascular smooth muscle cells (VSMC)
[16] and promotes the growth of human synovial cells,
skin and fibroblasts. High YKL-40 level was detected
in serum of patients with rheumatoid arthritis (RA) and
in patients with type 2 diabetes [1].

SI-CLP expression was found in various tumor cell
lines, Raji cells, Jurkat cells, as well as in CD3+ T-cells,
in the synovial fluid of patients with osteoarthritis or
rheumatoid arthritis [17].

Expression of YKL-40 mRNA in human monocyte
was strongly upregulated by IFN-gamma, and inhibited
by IL-4 and dexamethasone [9]. There are also
evidences that YKL-40 is secreted by macrophages
during the late stages of differentiation. YKL-40
gene expression was up-regulated in monocytes
stimulated with granulocyte-macrophage colony-
stimulating factor, in colony-stimulating factor
stimulated monocytes and in lipopolysaccharide
stimulated monocytes [23, 24].

For YKL-39, no specific effects of IFN-
gamma, IL-4 or dexamethasone were detected,
but YKL-39 was upregulated in macrophages
differentiated in the presence of IL-4+TGF-beta,
but not IL-4 alone [25].

Human macrophages produce also SI-CLP and
its expression is induced by Th2 cytokine IL-4 and
glucocorticoid dexamethasone [9]. In vivo, high
amounts of SI-CLP were detected in macrophages
from bronchoalveolar lavage of patients with chronic
airway inflammation [17].

In macrophages, SI-CLP is primarily localized
in the secretory lysosomes. Kzhyshkowska et al.
demonstrated that the intracellular sorting of SI-CLP
in alternatively activated macrophages was mediated
by the scavenger receptor stabilin-1, which was
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specifically expressed on subpopulations of tissue
macrophages and sinusoidal endothelial cells in liver,
spleen, lymph node and bone marrow. Stabilin-1
recognized SI-CLP in trans-Golgi network and
delivered it to the late endosomes and consequently
into Lamp1-positive and CD63-positive lysosomes
[9]. The pattern of intracellular YKL-39 distribution
was similar to the pattern demonstrated for SI-CLP
suggesting that YKL-39 can be secreted by the
lysosomal secretory pathway. Endogenous YKL-39
was found in the trans-Golgi network, where it was
partially co-localized with stabilin-1. Using GST pull-
down assay we showed that stabilin-1 can act as an
intracellular sorting receptor for YKL-39 [25].

The role of CLPs in angiogenesis

and chemotaxis

Among all chitinases and chitinase-like proteins,
the pro-angiogenic activity and function of YKL-40
in various types of cancer progression were well
studied. Angiogenic properties of YKL-40 in cancer
development were demonstrated in breast and brain
cancers where the expression level of YKL-40 was
associated with tumor vascular formation [26, 27].
Immunohistochemical analysis of human breast cancer
demonstrated a correlation between blood vessel
density and YKL-40 protein expression [26]. In mouse
model of breast cancer, YKL-40 was demonstrated to
promote tumor growth by supporting angiogenesis.
In mouse model of melanoma and glioblastoma, the
inhibiting effect of anti-YKL-40 monoclonal antibody
on tumor growth was shown [28, 29]. It was revealed
that YKL-40 can facilitate tumor angiogenesis by
interacting with syndecan-1 on endothelial cells and
metastasis by stimulating production of MMP-9, CCL2
and CXCL2 [30].

Several studies on in vitro tube formation and
endothelial cell migration have demonstrated that
YKL-40 has stimulating effect on the endothelial cells
that is similar to the effect of endothelial growth factor
(VEGF) [27]. YKL-40-heparin interaction promotes the
interaction with syndecan-1 and avf3 integrin, leading
to activation of the ERK 1/2 pathway and stimulation of
VEGEF [26, 27]. In glioblastoma, transient suppression
of VEGF substantially increased YKL-40 expression
and promoted tumor angiogenesis [31]. Anti-VEGF
neutralizing antibody did not improve HMVECs tube
formation and migration induced by YKL-40, thus
confirming that pro-angiogenic effects of YKL-40 on
HMVECs were not affected by VEGF [26].

Chitinase-like proteins can influence chemotactic
activity of various cells directly or indirectly. Using an
in vitro microchemotaxis transwell system model, Nio
et al. demonstrated that YM1 acted as a chemotactic
factor for eosinophils, T-lymphocytes and bone marrow
cells [32]. YKL-40 was shown to affect chemotaxis of
VSMC [16], THP-1 cells [33] and bronchial smooth
muscle cells [34]. For THP-1 and VSMC cells, purified
YKL-40 induced chemotaxis directly. In contrary, for
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bronchial smooth muscle cells and SW480, YKL-40
enhanced secreted levels of IL-8, thus providing a
chemotactic effect.

YKL-40 significantly increased the migration
and invasion ability of CL1-1 NSCLC (non-small
cell lung cancer) cell lines by regulating EMT
(Epithelial Mesenchimal Transition) genes. In YKL-40
overexpressed cell line, the expression of E-cadherin,
a marker of epithelial cells, was significantly lower;
and the expression of markers of mesenchymal cells
(N-cadherin, Vimentin) was significantly higher as
well as other EMT regulators (Snail, Slug, and Twist)
[35]. Moreover, inhibition of YKL-40 reduced the
tube formation in vitro and suppressed tumor growth,
angiogenesis, and progression of brain tumors [28].

Analysis of biological functions of YKL-39
demonstrated that it is unique that CLP combines
monocyte attracting and pro-angiogenic activities,
which essential for tumor progression [25]. The
angiogenesis assay showed that recombinant YKL-
39 induced tube formation of HUVEC cells 6 times
higher than that observed in the negative control group,
and this induction was more than 60% of positive
control. The chemotactic effect of YKL-39 on primary
monocytes was approximately 2 times higher after 1
h and more than 5 times higher after 3 h compared to
control, and this effect was comparable with the effect
of MCP-1/CCL2 chemokines [25].

CLPs in cancer

YKL-40 is expressed by several types of solid
tumors including breast, colon, lung, kidney, head
and neck, liver, bladder, prostate, stomach, ovary,
pancreas, osteosarcoma, thyroid, glioblastoma and
endometrial cancers. Microarray analysis identified
YKL-40 gene as one of the most overexpressed genes
in glioblastoma, papillary thyroid carcinoma, and
chondrosarcoma [36]. YKL-40 protein expression
was found in biopsies of glioblastomas, breast cancer
and colon cancer. In vitro YKL-40 was secreted by
the following human cancer cell lines: osteosarcoma,
glioblastoma, colon cancer, ovarian cancer, prostate
cancer and malignant melanoma [37]. YKL-40
protein expression was found in tumor associated
macrophages (TAM) in patients with melanoma [37].
YKL-40 protein was not expressed in small cell lung
cancer cells, but YKL-40 mRNA expression was
elevated in TAM [36].

In tumors, YKL-40 may contribute to the
proliferation and differentiation of malignant cells,
protect the cancer cells from apoptosis, stimulate
angiogenesis, and regulate extracellular tissue
remodeling [23]. In non-small cell lung cancer, YKL-
40 may also regulate (PI3K)/AKT/mTOR pathway,
which is related with cell transformation, tumor
survival, invasion and metastasis, and is a central
feature of EMT [23]. In breast cancer, YKL-40 levels
were inversely correlated with expression of GATA3
and E-cadherin, which regulate cell-cell contacts and
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act as tumor inhibitors [37]. The high risk of tumor
progression may be explained either by the fact that
cancer cells and TAM produce YKL-40, or that chronic
inflammation causes both elevated plasma YKL-40
and cancer.

In our study we showed that the elevated levels
of YKL-39 expression in tumors after neoadjuvant
chemotherapy (NAC) were associated with increased
risk of distant metastasis and poor response to NAC
in patients with nonspecific invasive breast carcinoma
[25]. Moreover, in the study of gene expression of
M2 macrophage markers (YKL-39 and CCL18) we
found that in breast cancer patients, who received
anthracycline-containing NAC, the absence of
clinical response was associated with the presence of
M2+ macrophage phenotype (YKL-39-CCL18+or
YKL-39+CCL18-) [38]. Kavsan et al. reported the
increased expression of CHI3L2 gene in glioblastoma
[39]. However, there is still insufficient data on the
association of both YKL-39 gene and protein level
with tumor progression, and no data on SI-CLP in
tumor progression are available.

YKIL-40 is a marker of late stages of cancer

Elevated plasma YKL-40 was found in patients
with metastatic pancreatic and ovarian adenocarcinoma
[36]. In patients with gastric cancer, serum levels of
YKL-40 were significantly higher compared to those
observed in healthy population, and the increased
YKL-40 level indicated more aggressive phenotype
of tumor [40]. Plasma YKL-40 level was elevated in
approximately 80% of patients with metastatic renal
cell carcinoma [37]. Dupont et al. showed that serum
YKL-40 was upregulated in 65% of patients with
stage [ and Il ovarian cancer in contrast to 74-91% of
patients with stage Il and IV cancer [41]. In patients
with small cell lung cancer, the highest percentage of
the patients who had elevated serum YKL-40 level
was associated with advanced disease compared to
local one. More than 80% of patients with metastatic
renal cell cancer and more that 40% of patients
with metastatic malignant melanoma and metastatic
prostate cancer had also elevated serum YKL-40. In
patients with glioblastoma, the serum YKL-40 level
was higher in patients with glioblastoma multiforme
compared to patients with lower grade gliomas [23].
In breast cancer, increased serum levels of YKL-40
were found more frequently in patients with metastatic
cancer compared to patients with early cancer [23].
YKL-40 is associated with cancer aggressiveness. It
was reported that not serum but urine YKL-40 level
can be helpful in the diagnosis of bladder cancer in
the assistance to BTA protein. Urine YKL-40 level
was significantly higher in all invasive subgroups
(T1, T2-T4, and T1-T4) compared to low stage (Ta)
and can help determine treatment regimen in early
invasive stages [42].
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YKL-40 as an independent

marker of tumor progression

Serum YKL-40 as a prognostic marker was
independent of serum carcinoembryonic antigen in
patients with colorectal cancer, of serum CA-125 and
CA15-3 in patients with ovarian cancer, of estrogen
receptor status, KRAS mutation status, of serum HER2
in patients with metastatic breast cancer, of serum
prostate-specific antigen in patients with metastatic
prostate cancer, and of serum lactate dehydrogenase
in patients with small cell lung cancer or metastatic
malignant melanoma and of clinical parameters (i.e.,
age, performance status, tumor stage, histology),
indicating that serum YKL-40 reflects other pathogenic
aspects of tumor progression than these tumor markers
[23]. Plasma YKL-40 in pre-treatment patients was
shown to be an independent prognostic biomarker
of short overall survival both at time of first cancer
diagnosis and at time of relapse in patients with
different types of adenocarcinoma (breast, colorectal,
endometrial, non-small cell lung, ovary, cervix and
prostate), in patients with head and neck and cervix
squamous cell carcinoma [36].

In gastric cancer, high YKL-40 protein level was
an independent biomarker of short survival and was
associated with tumor invasion, lymph node metastasis
[43]. In patients with localized or advanced small
cell lung carcinoma, high plasma YKL-40 levels
before chemotherapy independently predicted short
survival [44]. Pre-treatment plasma and serum level
of YKL-40 was an independent prognostic biomarker
in patients with metastatic prostate cancer [36]. Serum
level of YKL-40 is also an independent marker for the
aggressiveness of metastatic breast cancer [1]. High
plasma YKL-40 in patients with metastatic colorectal
cancer before treatment was associated with short
progression free survival and short overall survival,
independently of KRAS status [45]. However, serum
concentrations of YKL-40 do not show high sensitivity
for early diagnostics of cancer and YKL-40 cannot
be used as a single screening marker for diagnosis of
cancer [1, 23].

Elevated YKL-40 level may serve

as a useful potential prognostic biomarker

for cancer patients

Serum levels of YKL-40 are indicative for the poor
prognosis of metastatic process. Increased plasma
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FrRomMm EDITOR-IN-CHIEF

Dear Readers,

You’ve just turned over the last page of the regular
issue of Siberian Journal of Oncology. All papers
accepted for publication in this issue are presented
in English.

The participants of the 22-nd International Charles
Heidelberger Symposium on Cancer Research, the
leading researchers from Russia and other countries
are the authors of these papers.

I hope that the papers presented in this issue will
prove to be interesting and useful, will serve as an
occasion for new scientific discoveries.
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With best regards,
Prof. E.L. Choynzonov
Editor-in-Chief
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