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ABSTRACT

Background. The calpain proteolytic system plays an important role in the development of cancer. Detection of
early cancer in the upper respiratory tract is often challenging, as symptoms are largely non-specific, and most cases
are diagnosed at an advanced stage.

Aim. To identify candidate markers of transition from premalignant lesions to invasive carcinoma, we studied
mRNA expression levels of CAPN1 and CAPN2 and the total activity of calpains in the tumor tissues of patients
with head and neck squamous cell carcinoma (HNSCC) and in the epithelial dysplasia-affected tissues of patients
with chronic diseases of the upper respiratory tract.

Materials and methods. The study included 32 patients with HNSCC (T1-3N0-1MO0) and 12 patients with chronic
diseases of the upper respiratory system associated with epithelial dysplasia. The expression levels of CAPN1 and
CAPN2 were assessed using real-time polymerase chain reaction (PCR). The calpain activity was determined by
hydrolysis of the fluorogenic Suc-LLVY-AMC oligopeptide.

Results. The mRNA expression levels of CAPN1 and CAPN2 were, respectively, 3 and 4 times higher in the tumor
tissue of patients with HNSCC than in the tissue of patients with endothelial dysplasia in the upper respiratory tract.
The level of calpain activity was 4.4 times higher in patients with HNSCC than in patients with epithelial dysplasia
of different severity.

Conclusion. The elevated mRNA expression levels of CAPN1 and CAPN2 and their activity in the tumor tissues
of patients with HNSCC compared to patients with chronic respiratory diseases associated with epithelial dysplasia
are likely to characterize a high potential for transition from precancerous lesion to cancer. To clarify the role of
calpains in the carcinogenesis of HNSCC, further studies of intact tissues using animal models are required.

Key words: head and neck squamous cell carcinoma, epithelial dysplasia, calpain activity, mRNA expression of
CAPNI1 and CAPN2.
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JKcnpeccua MPHK KasbnavHOB U UX aKTUBHOCTb B 3/10Ka4€CTBEHHOM
M ANCNNACTUYECKM USMEHEHHOM 3MUTE/IMU BEPXHUX AblXaTe/IbHbIX NyTel

Cunpenko E.A., Kakypuna I'.B., Yepemucuna O.B., Cnupuna J1.B., Wawosa E.E.,
KopwyHos [1.A., KongakoBa U.B.

Hayuno-uccnedosamenvckuii uncmumym ((HUH) onxonoeuu, Tomckull HAYUOHATbHBI UCCTE008AMENbCKULL MeOU-
yurnckul yenmp (HUML]) Poccutickoil akademuu Hayk
Poccus, 634050, 2. Tomck, nep. Koonepamugnuiii, 5

PE3IOME

AKTyaJIl)HOCTL. KanbpnanHoBast IMPOTCOJIUTHICCKAS CUCTEMA UTPACT BaXKHYIO POJIb B Pa3BUTHUU 3JIOKAYCCTBEHHBIX
onyxoneﬁ. B HaCTOALICC BPpEMA JUArHOCTUKA paKa BEPXHUX AbIXAaTCIbHBIX HyTefI Ha paHHUX CTagUusAX IMPOBOAUTCH
peaxko, 3a00JI€EBaHUE YACTO XapaKTCPU3yETCA 3aIlYIIEHHOCTBIO OITYXOJIEBOI'O ITpoLEcca.

C meabI0 IOMCKA KaHTUJIATHBIX MapKEPOB Mepexo/ia MPEIOMyXO0JIeBhIX 3a00ICBaHUI B 37I0KAYECTBCHHBIC N3ydallid
yposuu skcnpeccut MPHK CAPN1, CAPN2 wn o01e#t akTHBHOCTH KaJIbITaWHOB B OITyXOJICBOM TKaHU MAIUCHTOB
C IIOCKOKIIETOYHBIM pakoM roJioBel U men (ITPT'1) u B mucmiacTHyecKr N3MEHEHHOM SIIUTEIINN BEPXHHX JIbIXa-
TEJIBbHBIX ITyTCH.

Marepuaibl u MeToabL. B nccnenosanue 6bumn BKI09eHs! 32 mamuenta ¢ [IPTHI (T, ,N M), rpymny 60mbHBIX
C MPEe/IONyXO0JICBOW MATONOrHeil cocTaBmiik 12 MalMeHTOB ¢ XPOHHYECKMMH 3a00JIeBaHUSIMU BEPXHHUX OTJIEIIOB
JIBIXaTeIbHON CHCTEMBI, ACCOLMUPOBAHHBIMHU C IUCIIACTUYECKMMH M3MEHEHHAMH SIUTEIHS Pa3InIHON CTCHCHH.
Yposens skcrpeccun MPHK CAPNI n CAPN2 oueHMBajiCS ¢ TOMOUIBIO OMMMEPA3HOH LEMHOW peakiuu B pe-
JKHME PealbHOTO BPEeMEHH. AKTHBHOCTD KJIbITAWHOB OIPEJIEIISUIN 110 THAPOJIN3Y (IIyOpPOr€HHOTO OJIMIOIEHTH A
Suc-LLVY-AMC.

[Tonmy4eHHsble pe3yabTaThl NOKa3zanu yeenudeHue ypoBHsa skcnpeccun MPHK CAPNI u CAPN2 (B 3 u 4 pa3a
COOTBETCTBEHHO) B OITyX0J1eBOM TKaHU y nauuenTos ¢ [IPI'Il B cpaBHeHNH ¢ TUCTIIACTHYECKH U3MEHEHHBIM 31U~
TEJIMeM BEPXHMX JbIXaTebHbIX MyTel. Taxke OTMEUYEH BBICOKUH YPOBEHb aKTHBHOCTH KaJbIAHHOB y OOJBHBIX
[TPT'IL, xoTopsblii B 4,4 pa3za npeBbIIIaN I0KAa3aTeNH, IOJTyYSHHbIE AT MAMEHTOB C AUCIUIACTUYECKUMU U3MEHe-
HUAMH SMUTENNUS Pa3INYHON CTENEHH.

3akaouenne. Beposrtro, ysenmuenue yposHs MPHK CAPNI n CAPN2 u o01ieit akTHBHOCTH KaJIbIIanHOB B OITy-
XOJIeBBIX TKaHsX marueHToB ¢ [IPI'I] B cpaBHeHNM C MalMeHTaMH ¢ XPOHUYECKUMH 3a00JICBaHUSIMH, aCCOINH-
POBaHHBIMU C AUCIIACTUYECKUMU M3MEHEHUSAMH Pa3IM4YHOM CTENEHU, MOXKET UrpaTh BaXKHYIO pOJb B Ipolecce
nepexojia npeapaka B pak. J{jisi MOJHOTO yCTAaHOBJICHHS POJIM KalbanHOB B kaHneporenese [1PT1 Heo6xoaumo
JlanbHeIee MpoBeieHHe OM00HBIX HCCIIEeI0BaHNH B MHTAKTHOM TKaHHU, YTO BO3MOKHO TOJBKO Ha 3KCIEPUMEH-
TaJIbHBIX MOJIEIIAX.

KiioueBble ¢10Ba: MIIOCKOKJIETOYHBIN pak IOJIOBBI U LICH, JUCILIA3US SIUTEIHS, AKTHBHOCTD KAJIbIIAMHOB, JKC-
npeccust MPHK CAPNI u CAPN2.

KOHQ).]'IHKT HUHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U NNOTCHIUAJIBHBIX KOHq)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'II/IKaHI/I€I71 HaCTOHH.Ieﬁ CTaTbHu.

Hcrounuk ¢punancupoBanus. Pabora BeIoIHEHAa B paMKax rocyaapcTBeHHoOro 3aganus Ha 2020 r. 8 HUU on-
komoruu, Tomckuit HUMLI.

CooTBeTCTBHE NPUHIUIAM 3THKH. Bce nmanueHTs! noanucan MHGOPMUPOBAHHOE COIIacCHE Ha ydacTHE B HC-
cnenoBanuu. MccnenoBanue ogoOpeHO JIOKaTbHBIM KOMUTETOM 1o OuomeauuuHckoi stuke HUM onkonoruu,
Tomckuit HUMII,

Jast uurtupoBanms: Kerrukosa O.10., Hosropoauesa T.I1., Aurontok M.B., I'Bozaenko T.A. Poib Heiiporpo-
¢uuecknx (akTOpoB pOCTa B MATOPHU3NOIOTHH OPOHXHAIBHOH aCTMBI, COYCTAHHOH C OXUpeHueM. boinemens
cubupcroit meduyunst. 2021; 20 (2): 88—-94. https://doi.org/10.20538/1682-0363-2021-2-88-94.
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INTRODUCTION

Head and neck squamous cell carcinoma
(HNSCC) is the sixth most common malignancy
worldwide, with more than 500,000 new cases di-
agnosed each year [1, 2]. Most head and neck squa-
mous cell carcinomas arise from the mucosal sur-
faces of the larynx and hypopharynx [3]. Despite
the availability of visual and instrumental studies,
diagnosis of the upper respiratory tract cancer at
early stages remains challenging, as symptoms are
largely non-specific, and most cases are diagnosed
at an advanced stage [4]. The mechanism of epi-
thelial dysplasia progression to squamous cell car-
cinoma is not well understood. This mechanism is
thought to represent a stepwise process in which ge-
netic damage is followed by morphological changes
in squamous epithelium [5]. The presence of dys-
plasia in the mucous membrane of the larynx, laryn-
gopharynx, and oropharynx indicates the increased
risk of developing cancer [6].

Proteolytic systems that can regulate many mo-
lecular and cellular processes have a great influence
on tumor transformation. The calpain system, which
is involved in cancer development and progression,
is an important system of specific intracellular
proteolysis [7]. Calpains are cytoplasmic cysteine
proteases exhibiting Ca?*-dependent proteolytic ac-
tivity. Proteolysis implemented by calpains is par-
tial; it does not degrade protein but only changes
its structure. Therefore, they are called “modulating
proteases” [8].

In the calpain family, there are ubiquitous-
ly expressed isoforms, such as p-calpain (calpain
1) and m-calpain (calpain 2), and tissue-specific
isoforms, such as calpain 9, which is found in the
digestive tract [9]. Although many of the functions
of calpains and mechanisms controlling proteolytic
activity remain to be analyzed, experimental studies
demonstrated the apparent role of calpains in a
number of important cellular processes, including
proliferation, differentiation, DNA repair, and
apoptosis [10, 11]. Moreover, calpains play an
essential role in cancer progression [12—14].

Despite the active study of the calpain system,
there are currently not enough data showing the
changes in the expression level and activity of
calpains in patients with HNSCC and dysplasia-
associated chronic diseases. Therefore, the aim of

the study was to assess mRNA expression levels of
CAPNI1 and CAPN?2 and their activity in the tumor
tissues of patients with HNSCC (T ;N M,) and in
the epithelial dysplasia-affected tissues of patients
with chronic diseases of the upper respiratory tract.

MATERIALS AND METHODS

The study included 32 patients with HNSCC
(T, ,N, M) and 12 patients with chronic respira-
tory disease associated with histologically verified
epithelial dysplasia (DI-II), who were treated at the
Department of Head and Neck Cancer of the Cancer
Research Institute (TNRMC RAS, Tomsk, Russia).
HNSCC was histologically verified in all patients,
who had not previously received any special treat-
ment. The average age of the patients was (56.3 +
7.2) years.

The study was carried out in compliance with
the principles of voluntariness and confidentiality
in accordance with the “Fundamentals of the leg-
islation of the Russian Federation on the protection
of citizens’ health” (Decree of the President of the
Russian Federation No. 2288 of 24.12.1993). The
permission of the Biomedical Ethics Committee of
the Institute was obtained.

Biopsy samples of both cancerous and healthy
tissues obtained during videolaryngoscopy served
as a study material. The expression levels of cal-
pains (CAPN1, CAPN2) were analyzed using the
real-time PCR (RT-PCR) with the intercalating
dye SYBR Green I (BioMaster HS-qPCR SYBR
Blue (2x); Biolabmix, Novosibirsk). The total
RNA pool was isolated from the tissue samples
using the LIRA reagent (Biolabmix, Novosibirsk).
The concentration and quality of the isolated RNA
were evaluated using a NanoDrop 2000C spectro-
photometer (ThermoScientific, USA). To obtain
cDNA from mRNA, a reverse transcription reac-
tion was performed using the OT M-MuLV-RH re-
action mix (Biolabmix, Novosibirsk). Primers for
RT-PCR were selected using specialized programs
Vector NTI Advance 11.5 and the NCBI database
(Table 1).

The expression levels of the target genes were
calculated using the 2AACt equation [15] and ex-
pressed in arbitrary units. The housekeeping gene of
the GAPDH enzyme was used as the reference gene,
and the expression level of each target gene was nor-
malized with respect to the expression of GAPDH.
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Table 1

The sequence of the studied gene primers

Gene Primers
CAPNI1 F 5'- AGAGCCTGGGTTACAAG -3’
NM_001198868.2 R 5'- TGTCGTTGAGAGTGAGG -3’
CAPN2 F 5'- ATGCTAGATTCGGACGGGAG-3'
NM_001146068.1 R 5- TGGAGTTGACAGGGCATCTT-3’
GAPDH F 5'- GGAAGTCAGGTGGAGCGA-3'

NM_001256799.3 | R 5'-GCAACAATATCCACTTTACCAGA-3'

Note. NM — RNA sequence number in the National Center for
Biotechnology Information (NCBI); F — forward primer; R — reverse
primer.

The calpain activity was determined in clarified
tissue homogenates by hydrolysis of the fluorogenic
Suc-LLVY-AMC oligopeptide (Sigma, USA). The
reaction mix containing 3mM Suc-LLVY-AMC and
5 ul supernatant was incubated at 25 °C for 30 min
in the presence or absence of 10 mM CaCl, and 5
mM N-acetyl-Leu-Leu-norleucinal inhibitor (Sig-
ma, USA). The resulting product was recorded with
the Hitachi-850 fluorimeter (Japan) at an excitation
wavelength of 380 nm and emission of 440 nm. The
calpain activity was determined in samples with 10
mM CaCl, and with an inhibitor. The unit of activity
was the amount of the enzyme at which 1 nmol of
Suc-LLVY-AMC is hydrolyzed for 1 min. The spe-
cific activity was expressed in units of activity per 1
mg of protein. The protein content was determined
by the Lowry method.

For statistical analysis, the Statistica 10.0 soft-
ware package was used. The results shown in the
table are presented as the median with the interquar-
tile range Me (Q —Q,). Using the Kruskal — Wallis
test, statistically significant differences were found
between the groups under investigation. For further
pairwise comparison, the nonparametric Mann —
Whitney test for multiple comparisons (with Bon-
ferroni correction) was applied. The differences
were considered statistically significant at p < 0.05.

RESULTS AND DISCUSSION

A significant difference in the mRNA expression
levels of CAPN1 and CAPN2 between patients with
epithelial dysplasia (DI-II) and patients with HN-
SCC (T ,N, ,M,) was found (Table 2). CAPN1 and
CAPN2 expression levels were, respectively, 3 and
4 times higher in the tumor tissue of patients with
HNSCC than in the dysplastic epithelium of the
upper respiratory tract. In the tumor tissues of

patients with stages TN, M, and TN, M, the
CAPN1 expression level was, respectively, 2
and 4 times higher than that observed in patients
with epithelial dysplasia (DI-II). The CAPN2
expression level was 4 times higher in patients
with stages TN, M and TN M, than in pa-
tients with epithelial dysplasia of varying degree.
The highest expression levels for both CAPNI
and CAPN2 were observed in patients with stage
T,N, ,M,. The CAPNI level increased along with
the tumor size. It should be noted that in the malig-
nant epithelium of the upper respiratory tract, the
expression level of CAPN2 was higher than that of
CAPNI.

The findings of our study are consistent with
other studies that indicate that the components of
the calpain system are involved in the pathogenesis
of head and neck tumors [10, 16, 17]. Calpains are
implicated in processes crucial for cancer devel-
opment, such as impaired intercellular adhesion,
actin cytoskeletal rearrangement, morphologi-
cal transformation, and cell migration, since cal-
pains degrade proteins involved in these processes
[8, 10].

Table 2

mRNA expression levels of CAPNI and CAPN2 in the tissues of
malignant and dysplastic epithelium of the upper respiratory
tract

Expression level, conventional units

Group

CAPNI1 CAPN2

Epithelial dysplasia

0.5 (0.08-0.86) | 0.5(0.06-0.95)

(DLII), n=12
HNSCC 1.58 (0.25-10.98) | 1.94 (0.25-4.12)
(T_N,_M,), n=32 p=0.021 p=0.045

~ - 2.09 (0.51-5.68)
TN, M, n=10 0.59 (0.25-5.0) 0043

_ 1.0 (0.25-11.88) g
TN, M, n=11 = 0.04] 0.52 (0.19-2.27)

_ 1.92 (0.53-10.98) | 2.14 (0.28-5.13)
TNy M, n =11 p=0.021 p=0.046

Note. Significance level of differences in the parameters compared
to the group “Epithelial dysplasia (DI-II)” — p.

Analysis of the total activity of calpains in the
biopsy samples showed a significant difference be-
tween HNSCC and dysplasia (DI-II) groups (Figure).
Diagram A showed changes in the activity of cal-
pains depending on the tumor spread in comparison
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with dysplastic changes in the epithelium of the up-
per respiratory tract. Patients with stage TN, M/
had the highest rate of calpain activity. Additional-
ly, this diagram showed a tendency towards a rise
in the activity of calpains along with the increasing
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size of the tumor. Diagram B demonstrated that the
total activity of calpains in patients with HNSCC
was 4.4 times higher (125.7 x 10° units / mg of pro-
tein) than that observed in patients with dysplastic
epithelial changes.

140

[8] Mean
T MeantSE T

120 gl

2

40

N e

D(l-1ly nerw

b

Figure. Calpain activity in the biopsy samples of patients with epithelial dysplasia of the upper respiratory tract (DI-II) and HNSCC
(T1-3N0-1MO): significance of differences compared to the group “Epithelial dysplasia (DI-II)”, p < 0.05

Our data were consistent with the recent studies
conducted by V.D.Koval et al., who revealed that
the activity of calpains was nearly 12 times high-
er in patients with endometrial hyperplasia than in
patients with endometrial cancer [18]. Compared
to the healthy tissue, the increased activity of the
calpain system components was reported in many
cancers, such as meningioma, renal cell carcinoma,
colorectal adenocarcinoma, endometrial cancer,
gastric cancer, and breast cancer [10, 12, 13, 19]. In-
volvement of calpains in development of malignant
tumors is determined by their essential role in many
physiological cellular processes. Calpains potential-
ly recognize more than 200 substrates, as confirmed
by in vitro studies [11].

Among the proteins identified as calpain sub-
strates, there are transcription factors, transmem-
brane receptors, signaling pathway components,
and cytoskeletal proteins. The calpain proteases
and proteasomes function in a coordinated manner.
In this case a complex develops in the malignant
tissue which is called the cancer degradome and
represented by enzymes of various types of catal-

ysis [7]. The components of the cancer degradome
provide effective proteolysis during tumor pro-
gression, including invasion and metastasis.

CONCLUSION

Our results show significant differences in the
expression levels and activity of the calpain sys-
tem components between malignant and dysplas-
tic epithelium of the upper respiratory tract. The
elevated mRNA expression levels of CAPN1 and
CAPN2 and overall calpain activity in the tumor
tissues of HNSCC patients (compared to patients
with chronic respiratory diseases associated with
epithelial dysplasia) are likely to characterize a
high potential for transition from a precancerous
lesion to cancer. However, to fully establish the
role of calpains in HNSCC carcinogenesis, it is
necessary to conduct similar studies in the intact
tissues using animal models. The data obtained in-
dicate that the calpain system is directly involved
in the development of head and neck cancer. Fur-
ther development of criteria for potentially prema-
lignant respiratory lesions posing a high risk of
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malignant transformation is promising for success-
ful prevention of HNSCC.
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