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Abstract

Introduction. Identification of persons with a high oncological risk to squamous cell carcinoma of the head and
neck region is an urgent problem for the early diagnosis of this disease. The activity of circulating proteasomes
can be a criterion for predicting the risk of the larynx and oral cavity cancers in patients with precancerous
diseases of the upper respiratory and gastrointestinal tracts. The aim of the study is to investigate the
chymotrypsin-like and caspase-like activities of circulating serum proteasomes depending on the localization
of precancerous and neoplastic diseases of the larynx and oral cavity. Material and Methods. The study
population consisted of 35 patients with histologically verified HNSCC (T1-3N0-3M0), 15 patients with chronic
hyperplastic laryngitis (CHL) and oral leukoplakia, and 10 healthy volunteers who did not have chronic upper
respiratory tract diseases in the acute stage. The median age of the patients was 53 + 5.3 years. Results.
An increase in the studied proteasome activities was found in the blood serum of patients with malignant
tumors as compared with patients with chronic hyperplastic diseases associated with precancerous changes,
as well as in the larynx and oral cavity cancers groups as compared with healthy donors. At the same time,
depending on the localization of the pathological process, it was shown that only the chymotrypsin-like activity
of the circulating pool of proteasomes significantly differs both in the groups of oral cancer leukoplakia, and
in the groups of laryngeal cancer chronic hyperplastic laryngitis with dysplastic epithelial lesions. In addition,
differences were found between chymotrypsin-like and caspase-like activities of circulating serum proteasomes
in patients with chronic hyperplastic laryngitis with oral dysplasia and leukoplakia. Conclusion. The results
obtained indicate that the determination of the CTP activity of the circulating pool of proteasomes can be
used as a criterion for predicting the risk of the larynx and oral cavity cancers in patients with precancerous
diseases of the larynx and oral cavity.

Key words: laryngeal cancer, oral cancer, dysplasia, chymotrypsin-like activity of proteasomes,
caspase-like activity of proteasomes.
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AHHOTauus

AkTyanbHOCTb. BbisBneHne nuy ¢ BbICOKMM OHKOMOMMYECKUM PUCKOM Pa3BUTUSI MITOCKOKIETOYHOrO paka
obnacTu ronosbl 1 wewn (MNPI') senseTca akTyansHON NpobneMon Ans paHHen AnarHOCTUKK 3Toro 3abo-
nesaHus. Kputepuem onsa nporHosa pvcka Bo3HukHOBeHus MNP y 6onbHbIX ¢ npegonyxonesbiMu 3a6o-
NeBaHNsIMN BEPXHMX OTAEMOB PECNMPAaTOPHOTO U Xenyao4YHO-KULLEYHOro TPaKTOB MOXET ObiTb aKTMUBHOCTb
LMpKynupyoLwmx npoteacom. Lienb nccnegoBaHus — M3y4ntb XMMOTPUNCUHNOL0OHYIO 1 kacna3anofobHyto
aKTUBHOCTW LIMPKYNMPYIOLLMX NPOTEACOM CbIBOPOTKMN KPOBM B 3aBUCHMOCTM OT JTIOKanun3aummn NpegonyxonesbixX
1 onyxonesbix 3aboneBaHnii ropTaHn 1 poToBor nonoctu. Matepuan n metogbl. B uccnegosaHue Bowwnm
35 naumenTos ¢ MNP (T1-3N0-3MO0) ¢ ructonornyeckn BepuuLmpoBaHHbIM AuarHosom, 15 yenosek ¢
XPOHMYECKUM runepnnactudeckum napuHrutom (X1 ¢ DI, nenkonnaknammn nonoctun pta u 10 300poBbIX
BOSIOHTEPOB, HE UMEIOLLIMX XPOHNYECKNX 3aboneBaHnin BEPXHUX AblXaTemnbHbIX NyTen B CTaanumn o60CTpeHns.
CpepnHun Bo3pacT 6onbHbIX coctaBun 53 + 5,3 roga. Pesynbtatbl. O6HapyXeHO MOBbILLEHNE N3yYaeMbIX
aKTMBHOCTEN MpPOTEacoM B CbIBOPOTKE KPOBW BOMbHBLIX CO 3MOKaYeCTBEHHOWM OMyXosbio MO CPaBHEHUIO C
BOMbHBIMN XPOHNYECKUMW FTMNepnnacTuieckummn 3abonesaHUsaIMmN, acCoLMMPOBaHHBIMU C NPeaonyXoneBbl-
MW M3mMeHeHuaMK, a Takke B rpynnax MNP no cpaBHeHWIo co 300poBbIMM AoHOpamu. B To xe Bpems B
3aBMCUMMOCTM OT foKanu3saumm naTtororm4eckoro npouecca nokasaHo, YTo TOMbKO XUMOTpUNCuHNogobHas
(XTTT) akTMBHOCTb LIMPKYNMUPYIOLLEro nyna npoTeacoM 3HaYMMO Pas3nnyaeTcs Kak B rpynnax pak poToBow
MonocTy — NEenKonnakuu, Tak 1 B rpynnax pak ropTaHy — XpOHMYECKUA runepnnactnyieckuii napuHrut (XI1)
C AMCNNacTUYecKMMmn nameHeHuamn anutenus. Kpome toro, 6binm obHapyxeHbl pasnuuunsg mexay XTI n
kacnasanogobHOW akTMBHOCTAMY LIMPKYMMPYIOLLMX NPOTEACOM CbIBOPOTKM KPOBW GOMbHBIX XPOHUYECKUM
rMnepnnacTu4yeckuMm NapuHrMToM € AMCNNAasusMM 1 NEVKOMMakmaMy pOTOBOW MOMOCTKM, a Takke Yy rpynn
BOrbHbIX 3N10Ka4YeCTBEHHBIMW OMYXONAMK 3TMX Nokanusauvin. BeiBoabl. [NonyyeHHble pesynbsraTbl CBUAe-
TEeNbCTBYIOT O TOM, 4YTO onpegerneHve XTI akTMBHOCTU LIMPKYNMPYIOLLLEro nyrna npoteacom MOXeT ObITb nC-
Monb30BaHO B Ka4eCcTBe KpUTepUs A NporHo3a pucka Bo3HukHoBeHns NPT LU y 60nbHbIX npeaonyxonesbiMu
3aboneBaHVAMN ropTaHn U POTOBOW MOMOCTMU.

KnioueBble cnoBa: pak ropTaHu, pak poTOBOW NOMOCTU, AMUCnnasus, XMMOTpIM'ICVIHﬂO,qOGHaﬂ AKTUBHOCTb
npoteacom, Kacnasanofo6Has akTUBHOCTb nporteacom.

Introduction

Although most of the head and neck organs can
be visually and instrumentally inspected, squamous
cell carcinoma of the upper respiratory and digestive
systems is characterized by an asymptomatic course,
late admission of patients to cancer centers, early
onset of metastases and high mortality rate within
the first year after diagnosis [1, 2]. In most cases, the
development of HNSCC follows an ordered series
of steps beginning with epithelial cell hyperplasia
followed by dysplasia. Grade II-11I laryngeal dysplasia
and oral leukoplakia is associated with high risk of
progression to carcinoma [3, 4]. Thus, it is important
to develop predictive markers that may identify lesions
at high risk of progression to malignancy.

CUBUPCKIM OHKONMOTMYECKW XXYPHAT. 2021; 20(2): 46-52

Tumor transformation occurs with the participation
of many processes, one of which is proteolysis.
Intracellular proteolysis occurs mainly in proteasomes,
multisubunit complexes. Proteasomes are the main
non-lysosomal proteases in eukaryotic cells, which
are responsible for the degradation of all short-lived
proteins and 70-90 % of all long-lived proteins [5].
Proteasomes are known to be involved in the cleavage
of growth factors, their receptors, components of
signaling pathways, and transcription factors [6, 7].
The proteasome is made of two subcomplexes: the
20S proteasome and the proteasome activator. All
proteasomes have three types of active sites: caspase-
like, trypsin-like, and chymotrypsin-like. To date,
the existence of extracellular forms of proteasomes
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circulating in various biological fluids of the body has
been proven [8, 9]. They can be found and transported
both as part of microvesicles, in particular, exosomes,
and in free form, circulating in the bloodstream [9,
10]. Proteolytic activity is possessed by proteasomes
in a free, non-vesicular form. Circulating proteasomes
in human plasma are present in the form of a 20S
pool, and their levels increase significantly in various
pathological conditions, including cancer, autoimmune
diseases, trauma, and sepsis [11].

Proteasomes are involved in the pathogenesis
of many cancers including breast, endometrial, and
thyroid cancers [12, 13]. We previously showed that
the the ChTL and CL levels were higher in patients
with HNSCC than in patients with chronic laryngeal
hyperplasia associated with epithelial dysplasia. The
levels of ChTL and CL proteasomal activity did not
depend on the tumor stage but depended on the tumor
grade [14]. The purpose of the study was to assess the
ChTL and CL activities of circulating proteasomes in
patients with premalignant and malignant oral and
laryngeal lesions.

Material and Methods

The study population consisted of 35 patients
with histologically verified HNSCC (T1-3N0-3MO0),
who had not received previous special treatment, 15
patients with chronic hyperplastic laryngitis (CHL)
and oral leukoplakia, and 10 healthy volunteers who
did not have chronic upper respiratory tract diseases
in the acute stage. The median age of the patients was
53 £ 5.3 years. The study included patients with HN-
SCC, who were treated at the Head and Neck Cancer
Department of Cancer Research Institute, patients
with CHL, who were examined at the Endoscopy
Department of Cancer Research Institute and pa-
tients with oral leukoplakia, who were observed at
the Dentistry Department of Siberian State Medical
University (Tomsk, Russia). The study was conducted
under conditions of voluntary participation and confi-
dentiality in accordance with the World Medical As-
sociation’s Declaration of Helsinki «Ethical Principles
for Medical Research involving Human Subjects», as
revised in 2000. This study was approved by the Eth-
ics Committee of the Cancer Research Institute. Prior
to the study, serum samples were frozen and stored at
-80 °C.

To assess the chymotrypsin-like (ChTL) and
caspase-like (CL) activities of circulating protea-
somes, blood serum was pre-activated with 10 % SDS
according to the technique [15]. The ChTL activity
of circulating proteasomes was determined by the
hydrolysis of the fluorogenic oligopeptide Suc-LLVY-
AMC (Sigma); the CL activity was determined by the
hydrolysis of the fluorogenic oligopeptide Z-LLE-
AMC (Sigma). The reaction was carried out for 20
minutes at 37 °C. The resulting product was recorded
on a Cytationl multi-mode microplate reader-imager
(BioTek, United States) at Exi=360 nm, Emi=460 nm.
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The specific activity of proteasomes was expressed in
units of activity per 1 ml of serum.

Statistical analysis was carried out using the Sta-
tistica 10.0 software package. The results shown in
the table are presented as median (Me) with an inter-
quartile range (Q1Q3). Using the Kruskal-Wallis test,
statistically significant differences were found between
the study groups. For further pairwise comparison, the
nonparametric Mann-Whitney test was used taking
into account the correction for multiple comparisons
(Bonferroni correction). Differences were considered
significant at p<0.05.

Results and Discussion

Table 1 shows the ChTL and CL activities of cir-
culating proteasomes in blood serum of patients with
HNSCC, patients with chronic premalignant lesions,
and healthy donors. Significant differences in serum
proteasome ChTL and CL activities between patients
with HNSCC and patients with chronic oral and la-
ryngeal lesions associated with dysplastic changes as
well as between patients with HNSCC and healthy
donors were found. As the disease severity increased,
the serum proteasome ChTL and CL activities also
increased. The data obtained confirm our previous
findings that the proteasome ChTL activity was higher
in patients with HNSCC compared to patients with
CHL with grade II-I1I dysplasia [14]. In addition, a
significant increase in the CL level was also observed
in the same groups of patients. Thus, the development
of oral and laryngeal cancers was associated with
significant changes in the proteasome ChTL and CL
activities.

We also compared serum proteasome ChTL and
CL activities in patients with premalignant laryngeal
and oral lesions (table 2).

The levels of ChTL and CL proteasomal activities
were significantly higher in patients with CHL (grade
I dysplasia) than in patients with oral leukoplakia.
Among HNSCC patients, the levels of ChTL and CL
proteasomal activities were higher in laryngeal cancer
patients than in oral cancer patients (table 3). More-
over, the comparison of malignant and premalignant
lesions revealed a significant difference in the ChTL
proteasomal activity between patients with oral cancer
and patients with oral leukoplakia as well as between
patients with laryngeal cancer and patients with CHL
with epithelial dysplasia.

A significant difference in the ChTL activity of
circulating proteasomes between premalignant and
malignant lesions shows that proteasomes are likely to
be involved in malignant transformation of precancer-
ous lesions into cancer.

The role of circulating proteasomes in the develop-
ment of cancer is not clear. Increased levels of their
activity were shown to correlate with the progression
of solid tumors, including laryngeal cancer [14, 16].
Proteasomes are believed can enter the systemic
circulation during secretion from cells by the mecha-
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Ta6bnuua 1/Table1
XumoTtpuncuHnono6Has (XTIM) n kacnasanogo6bHas (KIM) akTMBHOCTM LMPKYNMPYHOLMUX NPOTEAcOM
CbIBOPOTKM KpoBM 60nbHbIX MNP 1 xpoHnyeckummu 3aboneBaHMsiMU C NpegonyxoneBbIMU U3MEHEHUAMU

The chymotrypsin-like (ChTL) and caspase-like (CL) activities of circulating proteasomes in blood serum
of patients with HNSCC, patients with chronic premalignant lesions, and healthy donors

XTII/ChTL KII/CL

HUccnenyemsie rpymmsl/Study groups (EJl/m/U/ml) (EJl/m/U/ml)
3nopoBsie ToHOPHI (n=10)/ 81.2 106.2

Healthy donors (n=10) (65.0-101.6) (86.6-139.5)

XI'JI ¢ DI-III, nefikoruakuu (n=15)/ 953 (s 3176?;())0 0)

CHL with grade I-11I dysplasia, leukoplakia (n=15) (69.2-117.0) p;O 03 O.

150.0 253.3

ITPT'II (n=35)/HNSCC (n=35) (117.0-200.0) (156.6-310.0)

p=0.001; p1<0.001 p=0.001; p1=0.020

IpumMevanue: p — 3HAYUMOCTD Pa3IHIUI MEXTy 310POBBIMH JJOHOpaMH U Tpymnmoi 6onbHbIX ¢ [IPTTI; pl — 3HAUMMOCTH pa3nuyuii Mex Iy rpyIIaMu
6ombHbIX ¢ XIJT ¢ DI-III, nefikorutakuu u ¢ TIPTTIL.

Notes: p — significant difference in ChTL and CL activities between healthy donors and patients with HNSCC; p1 — significant difference in ChTL and
CL activities between patients with chronic premalignant lesions (CHL with dysplasia and leukoplakia) and patients with HNSCC.
Ta6bnuua 2/Table 2

XumoTtpuncuHnogo6Has (XTIM) n kacnasanogo6bHas (KIM) akTMBHOCTY LMPKYNIMPYOLMX NPOTEacoMm
CbIBOPOTKM KPOBU 6OSIbHBLIX XPOHUYECKUM FrMNepniiacTM4ecKMM NapuHruTomM ¢ gucnnasuen (Xr) m
nevKonnakMsaMyu poToBoW NOMOCTH

Serum proteasome ChTL and CL activities in patients with chronic hyperplastic laryngitis (CHL) with
dysplasia and in patients with oral leukoplakia

XTII/ChTL KII/CL
Hccnenyemsie rpymmbsy/Study groups (EJl/m/Ulml) (EIl/vn/U/ml)
XTI (DI-I) (n=9)/CHL (grade I-III dysplasia) (n=9) (95 ]3(131237 4) (1 832(())?;;7 0)
57.2 128.4
Jletikomrakun poroBoit monoctu (n=6)/Oral leukoplakia (n=6) (41.2-74.7) (90.8-159.3)
p=0.030 p=0.003

TIpumeuanue: p — 3HAYUMOCTH pazanunii Meskay rpynnamu 0oibHbIx ¢ XIJI (DI-III) u ¢ nefikoriakusiMu poToBO# OIOCTH.

Notes: p — significant difference in ChTL and CL activities between patients with CHL (grade I-1I1I dysplasia) and patients with oral lekoplakia.

Ta6bnuua 3/Table 3
XumoTtpuncunnogo6Has (XTIM) n kacnasanogo6bHas (KIM) akTMBHOCTY LMPKYNMPYHOLMX NpOTeacoM
CbIBOPOTKM KPOBU GONbHLIX C MPeaonyxoneBbiMU U ONMyXoreBbIMM 3a001eBaHUSIMY OPraHOB FONoOBbI U LEU

The ChTL and CL activities of circulating proteasomes in blood serum of patients with premalignant and
malignant head and neck lesions

Hccnenyemsle rpymmsl/Study groups e Ao

(EJ/mn/U/ml) (EJ/mn/U/ml)
Jleiikorumakuu (n=6)/Leukoplakia (n=6) @1 52172 4.7) (90.182—?;9.3)

116.8 146.0

Paxk poroBoii monoctu (n=10)/Oral cancer (n=10) (90.0-150.0) .
- (103.0-183.3)
p=0.009

XIJI (DI-II) (n=9)/CHL (grade I-1II dysplasia) (n=9) © 513?31237 4) a 832(())?2%7 0)

160.0 281.6
Pax ropranu (n=25)/Laryngeal cancer (n=25) (140.0-217.0) (233.0-338.3)

p1=0.010; p2=0.050 p2=0.040

Ipumeyanue: p — 3HAYMMOCTD PA3IHYUIA MEXKITY TPYNIaMU OONBHBIX PAKOM POTOBOH MOJIOCTH U OOIBHBIMH C JICHKOILTAKHUSAMHE; P' — 3HAYUMOCTD
pa3IHunii MEXIy TPYyIIaMu O0IbHBIX pakoM roprani u 6ombubME ¢ XIJI (DI-1I)»; p? — 3HAYUMOCTD pasnuunii MKy rpyrmamu 6ombHbx ¢ X1
(DI-III) 1 6onbHBIME C JEHKOTIAKUSMH.

Notes: p — significant difference in ChTL and CL activities between patients with oral cancer and patients with oral leukoplakia; p' — significant differ-
ence in ChTL and CL activities between patients with laryngeal cancer and patients with CHL with grade I-III dysplasia; p* — significant difference in
ChTL and CL activities between patients with CHL with grade I-1II dysplasia and patients with oral leukoplakia.
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nism, which has not been established yet [17] or from
destroyed microvesicles [13]. Determination of the
function and substrates of circulating proteasomes
showed that they can degrade albumin [18] and os-
teopontin [19]. It was found that the processing of
osteopontin in the circulating proteasomes produced
biologically active peptides with chemotactic activity
[19]. It has not yet been determined whether there are
other substrates for circulating proteasomes in the
systemic circulation and what their significance is in
pathological conditions.

The study of proteasomes in various malignant
tumors is relevant not only from the point of view of
the development of new therapeutic agents, the targets
of which are active centers or subunits of proteasomes
[20], but also for the search for new predictive cancer
markers. The data obtained can serve as a basis for
the development of a new method for assessing the
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Conclusion

In this study, we analyzed for the first time the
ChTL and CL activities of circulating proteasomes
in the blood serum of patients with premalignant and
malignant head and neck lesions. It was found that the
levels of ChTL and CL proteasomal activities were
significantly higher in patients with laryngeal and oral
cancer than in patients with laryngeal dysplasia and oral
laukoplakia. Moreover, significant differences in the
ChTL and CL proteasomal activities between patients
with CHL+dysplasia and patients with oral leukoplakia
were observed. Thus, the results obtained indicate
that the assessment of the ChTL and CL activities of
circulating proteasomes can be used as a criterion for
predicting the risk of developing HNSCC in patients
with premalignant oral and laryngeal lesions.
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