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2 Mexcdynapoonulii eocyoapcmeennbiil sxonoeuteckui uncmumym umenu A.Jl. Caxaposa Beaopycckoeo
eocyoapcmeennoeo ynusepcumema, 2. Mumnck, Pecnyoauka beaapyco

3 PecnyOauKaHCKUll Hay4HO-NPAKMUMECKUN YeHMpP OHKOA02UU U MEOUYUHCKOU Paduoa0euy UMEHU

H.H. Anexcanodposa, Munckuil paiion, a/e Jlecnoii, Pecnybauka beaapyco

Pesiome. MiMmMmyHoiorndyeckue akTopbl MOTYT UTPaTh BaXKHYIO POJIb B KaUeCTBE MPEIUKTOPOB WX MPO-
THOCTMYECKUX OMOMapKepPOB IIPU OHKOMATOJIOTMISCKUX IpoIieccax. B mocnenHee BpeMs B KaueCTBE ITepCIIeK-
TUBHBIX 3(P(hEeKTOPHBIX KJIETOK JUISI UMMYHOTEPAIlMU 3JT0Ka4YeCTBEHHBIX HOBOOOpa30BaHMI pacCMaTpUBaeTCS
MOMYJISIMS Hekaccuyeckux yOT-1uMGbOIMTOB, COUETAIOIIMX CBOMCTBA BPOXKIEHHOTO U MPUOOPETEHHOTO
UMMyHHUTeTa. B maHHOI1 paboTe mpeacTaBiIeHa CTPYKTYpHO-(GYHKIIMOHAIbHAS XapaKTepUCTUKA CyOITOITyJIs-
it ydT-nmumdo1nToB, BoBIeKatomuxcs: B hOpMHUpOBaHUE TPOTUBOOITYXOJIEBOTO UMMYHUTETA y AIUEHTOB
CO 3JIOKAQYeCTBEHHBIMU U JIOOPOKAUYEeCTBEHHBIMM OITYXOJISIMU TTOJIOCTU HOCA M OKOJIOHOCOBBIX Tasyx. Llemn
HUCCIIEIOBAHUST — OLIEHUTD CYOIOMYJISIIIMOHHBIN cOCTaB U (DYyHKIIMOHAIbHBIE 0COOEHHOCTH YO T-KIIeToK y na-
LIMEHTOB ¢ HOBOOOPa30BaHUSIMU MOJOCTU HOCA M OKOJJOHOCOBBIX Ma3yX JJIsi XapaKTePUCTUKU MEXaHU3MOB
KJIETOYHOTO MMMYHUTETA TIPH OITyXOJIb-aCCOLIMUPOBAHHOM ITAaTOJIOTMYECKOM IIpoliecce.

Marepuanom uccieqoBaHus siBUIach nepudepudyeckas BeHo3Hast KpoBb 21 manuenTa (13 My>K4uH 1 8
KEHIIMH, cpeaHuii Bo3pact 63,0 (56,0-69,0) eT) ¢ HOBOOOPA30BaHUIMM ITOJOCTU HOCA U OKOJIOHOCOBBIX
naszyx v 10 ycioBHO 300pOBbIX TOHOPOB. PeHOTUTT TUM(OUTHBIX KJIETOK U BHYTPUKIIETOYHYIO TTPOAYKIINIO
LIUTOKUHOB OLIEHUBAIU C UCITOJIb30BAaHUEM MOHOKJIOHAIBHBIX aHTUTE U METOIa IIPOTOYHO LIUTOMETPUMH,
BHEKJICTOUHYIO IMPOIYKIIMIO ITUTOKMHOB MCCJIEIOBAIM B CylepHaTaHTaX KyJbTyp METOIOM MUMMYyHOdep-
MEHTHOI'O aHa/In3a.

YcTaHOBIEHO yBeIMUYEHME O0IIero KoanuecTna YO T-KIeToK y MallMeHTOB € MJIOCKOKJIETOUHBIM PaKOM U
n3MeHeHre cooTHomeHusT Vo2t /Val*T-kieTok B nepudeprnyeckKoil KpoBU KakK y MallMeHTOB CO 3JI0Kaye-
CTBEHHBIMU, TaK U JOOPOKAYECTBEHHBIMM OITYXOJISIMU IMOJIOCT HOCA ¥ OKOJIOHOCOBBIX TTa3yX MO CPaBHEHUIO
CO 3IOPOBBIMU JOHOpPaMH. B 00erx mcciaeayeMbIX TpyInax MallueHTOB BEISIBICHO ITOBBIIICHNUE YPOBHS (hoC-
(boaHTUTEeH-UHAYLIMPpYeMOil akTUBalMU YO T-KJIETOK B COUETAHUM CO CHUKEHUEM MHIEKCOB CTUMYJISILIUU U
Pa3TUYHBIM IIMTOKWUHOBBIM MPOMUIeM: y MallMeHTOB C TTOCKOKJIETOUHBIM PaKOM OTMEYaloCh yBEeTUUYeHUE
BHyTpUkJierouHoil npoaykuuu [FNy B ydT-kieTkax, B TO BpeMsl KaK y MTallMEHTOB ¢ UHBEPTUPOBAHHOM Ma-
MWLIOMON nepepacnpeaeieHue cyononyasaiuii ydT-1umMbOouUTOB CBSI3aHO ¢ MPEUMYIIIECTBEHHON MPOIyK-
nueii IL-17. I1pu atom npoueHT ydT-mumdbouutoB, cuHTtesupyomux [FNy, koppeanpoBai ¢ ero KOHIEH-
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Tpalleil B cyliepHaTaHTaX KJICTOUYHBIX KYJIBTYp V MAlUEHTOB CO 3JI0KAa4eCTBEHHBIMI HOBOOOPAa30BaHUSIMU
MOJIOCTU HOCa 1 0KOJIOHOCOBBIX Ima3yx (R =0,61; p < 0,05).

IMonyyeHHbIe TaHHBIE CBUIETEILCTBYIOT O BOBJIeUeHUU YO T-TUM(OIIMTOB B TTATOTEHE3 3JI0KAY€CTBEHHBIX
U1 J00POKAYECTBEHHBIX OITyXOJIeii K MOTYT SIBJISIThCSI (PyHIAMEHTAIbHOM OCHOBOM 151 AaIbHEMIIIErO OIIpeae-
JICHMSI BO3MOXHBIX IIPEIMKTOPOB OITyXO0JIb-aCCOLUMMPOBAHHOM BOCIAIMTEIbHOM PEAKLIUU M MAJTUTHU3ALIUN.

Knrouesvie caosa: onyxoau nosocmu Hoca, Onyxoau 0K0AOHOCOBbIX NA3YX, Aumgouodnvie kaemiu, yd T-aumepoyumot, IFNy, IL-17,
usoneHmeHun nupoghocgpam

vOT CELLS IN PATIENTS WITH TUMORS OF THE NASAL CAVITY
AND PARANASAL SINUSES

Nizheharodava D.B.>*, Kolyadich J.V.©, Marozava N.A.¢,

Zafranskaya M.M.»P

@ Belarusian Medical Academy of Postgraduate Education, Minsk, Republic of Belarus
b International Sakharov Environmental Institute of Belarusian State University, Minsk, Republic of Belarus
¢ N. Alexandrov National Cancer Centre of Belarus, Minsk District, Republic of Belarus

Abstract. The immunological factors can play an important role as predictive and prognostic biomarkers in
oncopathology. Recently, non-conventional innate-like ydT-lymphocytes have received a lot of attention as a
promising effector cell population for cancer immunotherapy. This study describes structural and functional
subpopulations of ydT lymphocytes involved in antitumor immunity in patients with malignant and benign
tumors ofthe nasal cavity and paranasal sinuses. The aim of the study was to estimate y3T cell subsets composition
and functions in patients with neoplasms of nasal cavity and paranasal sinuses in order to characterize cellular
immunity in tumor-associated pathological process.

The peripheral venous blood was obtained from 21 patients (13 men and 8 women, average age of 63.0
(56.0-69.0) y. 0.) with neoplasms of nasal cavity and paranasal sinuses, and 10 healthy donors. Lymphoid cells
phenotype and production of intracellular cytokines were investigated using monoclonal antibodies and flow
cytometry, production of extracellular cytokines was measured using enzyme-linked immunosorbent assay kits.

The increase of total y8T cells number in patients with squamous cell carcinoma accompanied by changes
in V82*/V31*T cells ratio in peripheral blood of both patients’ groups with malignant and benign nasal cavity
and paranasal sinuses tumors were revealed as compared to healthy donors. The upregulated yoT cell response
to phosphoantigen induction in combination with reduced indices of stimulations were shown in the both
patients groups but cytokine profile was different, i.e., the elevated IFNy production has been determined in
patients with squamous cell carcinoma. However, in patients with inverted papilloma, redistribution of y6T cell
subsets has been associated with IL-17-producing yoT cells. Moreover, the percent of IFNy*ydT lymphocytes
did correlate with IFNy concentration in cell culture supernatants of patients with malignant nasal cavity and
paranasal sinuses neoplasms (R = 0.61; p < 0.05).

The revealed data suggest an involvement of yoT lymphocytes in malignant and benign tumor pathogenesis
and may provide a fundamental basis for further detection of possible tumor-associated inflammation and
malignization predictors.

Keywords: nasal cavity, paranasal sinuses, neoplasms, lymphoid cells, y3T lymphocytes, IFNy, IL-17, isopentenyl pyrophosphate

|ntroducti0n malignant tumors of NC and PNS detected at stage
_ . -1V [18, 22].
Nasal cavity (NC) and paranasal sinuses (PNS) One of the issues is the absence of biomarkers or

neoplasms account for approximately 5% of the upper predictors that contribute to the early detection of
respiratory tract tumors. About half of these tumors the malignant process and, therefore, late diagnosis

are benign, mainly squamous and inverted papilloma ©f malignant NC and PNS neoplasms. According
to numerous studies, neoplasm has a dual effect
on the immune system: on the one hand, the local
tumor microenvironment is characterized by
which squamous cell carcinoma (SCC) comprises changes in immune cells populations and immune
approximately 75%. More than 76% of patients have control check-points including the interaction of

(IP), and the remaining are malignancies amounting
for 1-3% of malignant tumors of all localizations, of
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co-inhibitor receptors (cytotoxic T Ilymphocyte-
associated antigen 4, programmed death-1, T cell
immunoglobulin domain and mucin domain 3,
lymphocyte activation gene 3, etc.) on lymphocytes
with their ligands, on the other hand, tumor factors
production induces an imbalance and leads to
immunosuppression contributing to tumor cellsescape
from immunosurveillance [4, 7]. These molecular
events determine a certain lymphoid cells subsets
composition in the systemic circulation as well as local
infiltration into the tumor, the functional potential of
which can be characterized by cytotoxic reactions
and also contribute to the immunosuppression [11].
In view of the immune system involvement in the
tumor pathogenesis, it seems important to search
for immunological biomarkers, which may include
T lymphocytes with T cell receptors (TCR) composed
of y and & chains (y8T lymphocytes).

Over the past decade, unconventional innate-like
voT lymphocytes have received a lot of attention as
attractive effector cells for cancer immunotherapy [ 16,
33]. Being a minor T cell population in peripheral
blood (0.5-10% of all T lymphocytes), they are
abundant in the mucosa within intraepithelial
lymphocytes (up to 50%) and participate in protective
immunity against tumors and infectious organisms
providing immunosurveillance. Their high and quick
antitumor activity is characterized by non-MHC-
restricted antigen recognition, cytotoxic potential,
antigen-presenting function, abundant cytokine and
chemokine secretion capacity [15, 28].

In recent years, there have been a number of
reports about diverse roles of ydT lymphocytes
in tumor immunity owing to their structural and
functional heterogeneity [13, 16, 32]. Compared to
antigenic receptors of afT and B lymphocytes, the
great yoT cells potential to various ligand-binding
sites formation comes from the high polymorphism of
yOTCR, the variable domains of which are encoded
with 3 main V8-genes and at least 6 Vy-genes, resulting
in high ydT lymphocytes heterogeneity. Moreover,
similar to af3T lymphocytes y3T cells are able to
polarize into y8T1 cells (secreting interferon y (IFNy)
and tumor necrosis factor o (TNFa)), ydT1/17 cells
(secreting IFNy and interleukin (IL) 17), ydT17 cells
(secreting IL-17 only), yd0T2 cells (secreting 1L-4),
follicular B helper y6Tgy, cells (secreting 1L-4, 1L-10)
and regulatory fork head box P3* (FoxP3*) ydTreg
cells. It was demonstrated that ydT1 cells (express
CD56" phenotype and are involved in cytolytic
reactions) and ydTyy, cells (enhance B lymphocyte
maturation and antibody formation) have the both
a direct and indirect antitumor effect, while ydT17
cells, FoxP3*ydTreg cells show protumorigenic effect
due to the immunosuppression [28, 32].

Thus, the determination of ydT lymphocytes
specific immunological features in benign and
malignant NC and PNS neoplasms is of actual interest
and may be considered as a basis for detailing and
systematizing new methods for diagnosis and therapy

as well as developing an algorithm for their application
in preventing disease complications and relapses.

In this article, the characteristic of yoT cell subsets
composition and functions in patients with NC and
PNS neoplasms is presented for the first time, aimed
at y0T mediated cellular immunity assessment in
tumor-associated pathological process.

Materials and methods

The peripheral venous blood was obtained from
21 patients with NC and PNS neoplasms (13 men
and 8 women, average age of 63.0 (56.0-69.0) y. 0.)
hospitalized at N.N. Alexandrov National Cancer
Centre of Belarus. All subjects were divided in three
groups: group 1 — 10 patients with SCC; group 2 —
11 patients with IP; group 3 consisted of 10 healthy
donors. Clinical and demographic characteristics of
patients and healthy donors are presented in Table 1.

Peripheral blood mononuclear cells isolation and
cultivation

Peripheral blood was collected in sterile heparin
tubes, diluted 1:1 with physiological saline, layered
onto a Histopaque-1077 density gradient (Sigma,
Germany) and centrifuged for 30 min at 300 g at
4 °C. The resulting interphase ring of peripheral
blood mononuclear cells (PBMC) was washed twice
in physiological saline for 10 min at 300 g and 4 °C.
PBMC were cultured in RPMI-1640 medium (Bio-
Whittaker, USA) completed with 10% fetal calf
serum (Gibco, Germany), 2 mM L-glutamine (Bio-
Whittaker, USA), 1% antibiotic-antimycotic (Gibco,
Germany), 100 U/mL IL-2 (Fluka, Germany) during
3 days (for further estimation of y3T cells cytokines
production) and in the presence or absence of 20 uM
isopentenyl pyrophosphate (IPP, Sigma, Germany)
during 6 days (for further estimation of y8T cells
proliferation rate) as previously described with minor
modifications [20].

Flow cytometry method

Immunophenotyping of peripheral blood lymphoid
cells

The populations of lymphoid cells in whole
peripheral blood were determined using the
next CYTO-STAT tetraCHROME monoclonal
antibody panels: CD45-FITC/CD4-RD1/CDS§-
ECD/CD3-PC5 and CD45-FITC/CD56-RD1/
CDI19-ECD/CD3-PC5 (Beckman Coulter, USA).
vdT lymphocytes subsets were identified in whole
peripheral blood using a DuraClonelMTCRs
monoclonal  antibody  panel: y3TCR-FITC/
afTCR-PE/HLA-DR-ECD/V3ITCR-PC7/CD4-
APC/CDS8-AF700/CD3-AF750/V32TCR-PB/
CD45-KrO (Beckman Coulter, USA). Monoclonal
antibody reagents were added according to the
manufacturer’s instructions to 100uL of the venous
blood specimen, and reaction mixtures were incubated
at 20-25 °C for 15 min in the dark. Then red blood
cells were lysed with Versalyse solution (Beckman
Coulter, USA) for 10 min. Results were analyzed on
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TABLE 1. CLINICAL AND DEMOGRAPHIC CHARACTERISTICS OF PATIENTS AND HEALTHY DONORS

Gender, Age Disease stage Disease
Groups Diagnosis n male / ge, 9 duration,
y. o. (TNM system)
female months
stage | (20%)
Squamous cell 58.0 stage Il (20%) stage 6.0
Group 1 carcinoma 10 13 (56.0-71.7) 11l (20%) (4.0-10.0)
stage IV (40%)
. 64.0 5.0
Group 2 Inverted papilloma 11 6/5 (50.5-67.5) - (2.0-18.0)
Group 3 Healthy donors 10 5/5 49.0 - -
P y (44.0-61.0)

Note. TNM, Tumor, Node, Metastasis system; n, patients’ number in a group; y. o., years old.

10000 CD3*T lymphocytes or 1000 yoT lymphocytes
using a 10-channel Cytoflex flow cytometer (Beckman
Coulter, USA).

Intracellular cytokine detection

IFNy and IL-17 syntheses were evaluated in
3-days PBMC cultures as previously described
with minor modifications [31]. For quantitative
intracellular cytokines determination, 4 ng/mL
phorbol 12-myristate 13-acetate (Sigma, Germany),
1 pg/mL of ionomycin calcium salt and 10 pg/mL
brefeldin A (Cayman Chemicals, USA) were added
in the last 4 hours of cell culture activation. Then
PBMC were stained with monoclonal antibodies
to surface CD3-FITC and yd§TCR-PC7 (Beckman
Coulter, USA) at 20-25 °C for 15 min in the dark,
fixed with 4% paraformaldehyde (Sigma, Germany),
permeabilized with 2% Triton X (Sigma, Germany),
and then intracellular staining was performed using
monoclonal antibodies IFNy-PE (Beckman Coulter,
USA) and IL-17A-PerCP (R&D Systems, USA).
Results were analyzed on 1000 y3T lymphocytes using
flow cytometer.

v T cells proliferation rate

ydT cells proliferation rate was estimated in 6-days
PBMC cultures stained with monoclonal antibodies
to surface CD3-FITC and ydTCR-PC7 (Beckman
Coulter, USA). PBMC cultures without IPP were
used as controls. Results were analyzed on 1000
voT lymphocytes using flow cytometer. The index of
stimulation (IS) was calculated as the ratio of IPP-
stimulated y3T cells number to the unstimulated
cultures in conventional units (c. u.).

ELISA extracellular IFN detection

IFNy concentration was determined in the cell-
free culture supernatants using commercial human
ELISA kit “y-Interferon-EIA-BEST” (Vektor-Best,
Russia) according to the manufacturer’s instruction.

Statistical method

Statistical data processing was performed using
Statistica 8.0 (StatSoft Inc., USA). The median
(Me), 25" and 75" percentiles were used as descriptive
statistics of the studied groups. Significant differences
between investigated groups were determined by
nonparametric criteria: Mann—Whitney U test and

Wilcoxon test; p-values < 0.05 (*) and p < 0.01 (*%)
were considered as statistically significant.

Results

Lymphoid cells population in patients with malignant
and benign NC and PNS neoplasms

The absolute and relative numbers of peripheral
blood lymphocytes populations in patients with NC
and PNS neoplasms and donors are presented in Table
2. Patients from group 1 were characterized by changes
in the following classical lymphoid cell populations:
decreased CD3*CD4*T helpers (p < 0.01) as well
as increased CD3*CD8*T lymphocytes (p < 0.05)
have been detected as compared to healthy donors.
Meanwhile, the total number of CD3*T lymphocytes,
CD19"B cellsand CD56"NK cells in patients with SCC
did not significantly differ from those in groups 2 and 3.
By contrast, the significantly increased relative number
of ydT lymphocytes was found in patients with malignant
NC and PNS tumors as compared to the both patients
with IP as well as to healthy donors. The quantitative
parameters of peripheral blood lymphocytes subsets in
patients with IP did not statistically differ from those in
healthy donors (Table 2).

In view of significant changes and involvement of
non-classical y0T lymphocytes in patients with NC
and PNS tumors, a further analysis of y3T cells subsets
and potential functions was performed.

vO8T cell subsets in patients with malignant and
benign NC and PNS neoplasms

Three subpopulations of 3T lymphocytes
depending on the expression of the TCR & chain were
investigated in patients with NC and PNS neoplasms.
The original flow cytometry dot-plots of ydT cells
numbers are presented in Figure 1 and displayed a
pattern of typical subsets composition in investigated
groups.

As seen from the original dot-plots of V31*T and
Vé2*T cells numbers in patient S. with a confirmed
diagnosis of SCC from group 1 (Figure 1A) and in
patient N. with a confirmed diagnosis of IP from
group 2 (Figure 1B), V82*/V31*T cells ratio has
been decreased as compared to healthy donor R.
Like that, V17T cells subset prevailed in patient S.
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(47.33%, Figure 1A), and V382*/V31'T cells ratio
reached 1,1, while in healthy donor R. V&2*T cells
subset dominated (94.63%, Figure 1C), and V&2*/
V81T cells ratio made 23.9. Meanwhile, in patient
N. with IP with decreased V52*T cells subset number
(72.02%) as well as V82*/V31*T cells ratio (3.9), an
increase of the both V81*T cells and V51-/V32'T cells
(corresponds to V33*T cells) subsets was observed
(Figure 1B).

The statistical analysis of y3T cells subsets number
in investigated groups revealed the significantly
decreased V82*T cells number and the increased
Vo1*T cells percentage as well as the tendency to
increase of Vo1-Vd2T lymphocytes (V33*T cells) in
peripheral blood of patients with both malignant and
benign NC and PNS tumors as compared to healthy
donors (Figure 1D).

vST cells proliferation response to IPP in patients
with malignant and benign NC and PNS neoplasms

For the assessment of functional status, the
voT lymphocytes number was determined in 6-days
PBMC cultures under IPP-stimulated conditions.
The increased y3T cells percentage in response
to phosphoantigen was shown in the both groups
of patients (p < 0.05) as well as in healthy donors
(p < 0.01) (Figure 2, significance is not shown). But
the number of [PP-stimulated ydT cells in PBMC
cultures of patients with SCC was significantly higher
(21.6 (10.3-32.4) %) than in patients with 1P (11.5
(3.8-19.6) %) or healthy donors (12.3 (8.9-26.6) %).
Nevertheless, the indices of stimulations in the
both groups of patients were significantly reduced
ISg0upr = 1.87 (1.69-2.35) c.u. and IS,,,, = 2.10
(1.88-3.11) c. u.) as compared to healthy donors

TABLE 2. LYMPHOID CELLS IN PERIPHERAL BLOOD OF PATIENTS WITH NC AND PNS NEOPLASMS AND HEALTHY

DONORS, Me (Q0.25'Qo_75)

Patients with NC and PNS neoplasms Healthy donors
Lymphoid cells Gr01:1p=11(3$SC) Grc:1U|=3 125(|P) G;(;uro3 p-value
1 2 3

Lymphocvtes. % 30.50 36.00 36.00 N s

ymphocytes, 7o (23.50-35.25) (27.50-51.00) (31.00-44.00) S
Lymphocytes, 2.03 2.70 2.62 n s
x 10°/L (1.37-2.86) (1.88-3.53) (2.23-3.08) o
CD3'T cells, 72.81 70.52 70.53 N s
% (68.86-79.02) (65.21-75.33) (68.22-76.76) o
CD3*T cells, 1.32 2.09 1.91 s
x 10°/L (0.94-1.89) (1.38-2.50) (1.67-2.17) o
CD3*CD4* 53.13 60.32 64.41 <0.05
T cells, % (49.34-64.83) (54.98-62.73) (60.30-69.71) P1a =0
CD3*CD4* 769.42 1152.95 1172.99 N s
T cells, x 10°/L (502.57-1150.03) (818.77-1284.44) (1013.61-1363.15) o
CD3*CD8* 40.57 30.97 29.25 <0.05
T cells, % (26.51-44.65) (28.14-33.83) (25.10-33.07) P1s =D
CD3*CD8* 454.27 651.77 561.30 s
T cells, x 10°/L (378.06-646.46) (367.62-784.22) (418.69-714.54) e
y8TCR*CD3* 5.82 3.49 3.32 P < 0.05
T cells, % (3.76-7.24) (2.72-6.24) (1.93-5.17) pis < 0.05
y8TCR*CD3* 68.01 72.53 55.81 s
T cells, x 10°/L (30.43-101.12) (41.56-123.44) (35.95-104.42) o
CD19'B cells, 8.35 10.34 9.03 s
% (5.38-9.42) (5.93-11.06) (7.56-10.92) e
CD19'B cells, 168.64 251.34 222.49 s
x 108/L (75.28-248.99) (146.54-339.12) (194.44-332.79) o
CD56* 17.57 18.25 15.25 s
NK cells, % (12.39-19.56) (12.49-22.48) (11.48-18.54) o
CD56* 290.96 419.85 401.56 N s
NK cells, x 10°/L (229.02-423.22) (302.16-638.14) (250.99-491.42) e

Note. SCC, squamous cell carcinoma; IP, inverted papilloma; n, patients’ number in a group; p-value, statistically significant test result;
n. s., not significant; CD, cluster of differentiation; TCR, T cell receptor; NK cells, natural killer cells.

1347



Huocecopoodosa JI.b. u dp.

Meoduyunckas Ummynonoeus

Nizheharodava D.B. et al. Medical Immunology (Russia)/Meditsinskaya Immunologiya
A Pattient S. with squamous cell carcinoma (group 1) B Patient N. with inverted papilloma (group 2)
SENA Vo1Vor ST T Vol Voo
3(41.67%) (0.00%) 3 (72.02%) (0.00%)
:C'_’ 3 S
o E o <« 3
0 = B 3
2 ] D
o ] o
o o
(SR O o
=~ - o
o~ E [S
w 3 w
= o =
= =
g ‘9 F el
o3 vasie2 VT o 3 oo | Vst
3 (11.00%) (47.33%) 3 (962%) - (18.36%)
TrrjJ|rrrtr Ty T T T TTIorf T T T Trrr Trrrrr TTTTIT T T T T Irrm T LB RLLE
0 104 108 108 0 104 108 108
V81*TCR PC7 V81*TCR PC7
C 2 _ Donor R. (group 3) D
—3 Ve Va1Vs2!
4(94.63%) (0.00%) ¥8T cells subsets number, %
3 V1Ve2T
o = ¥ + Voo
g : Groups Vo1 T V62T (V33'T)
o -
§ 5 group 1 27..85* 63.1'14** 7:14
NS (n1=10)  (9.08+66.63) (31.63+75.20) (1.74+15.81)
= group 2 35.26" 57.33* 553
2 (n=11)  (21.67+39.55) (55.85+60.38) (2.66+13.53)
; i 3 6.42 90.10 3.80
o3 vs1Vs2 vs1* el " : h
2 (1420 (3.95%) (n=10)  (4.95+14.26) (78.11+91.56) (1.93+4.37)
Tr T T T rrrrromegm T T T T TITIIT T T T TIrIr
0 10* 108 108

Figure 1. y8T cells subsets (%) in peripheral blood of patients with NC and PNS neoplasms and healthy donors

Note. (A-C) Original dot-plots from flow cytometer of typical V61*T and V52

*T cells distribution in investigated groups (X-axis, V81*T cell receptor

expression; Y-axis, V32T cell receptor expression). (D) Descriptive statistics of y3T cells subsets number. TCR, T cell receptor; PB450, pacific

blue dye; PC7, phycoerythin-cyanine 7 dye; *, p < 0.05; **, p < 0.01 as com
group 2, patients with inverted papilloma; group 3, healthy donors.
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Figure 2. Proliferation rate of y8T cells (%) in stimulated
(IPP) and unstimulated (medium) 6-days PBMC cultures
Note. *, p < 0.05 as compared to group 3; medium, unstimulated
PBMC cultures; IPP, PBMC cultures stimulated with isopentenyl
pyrophosphate; group 1, patients with squamous cell carcinoma; group
2, patients with inverted papilloma; group 3, healthy donors.

pared to group 3; group 1, patients with squamous cell carcinoma;

(IS oups = 2.88 (2.58-3.15) c. u., respectively, p < 0.01
and p < 0.05).

vOT cells functional subsets in patients with
malignant and benign NC and PNS neoplasms

One of the main characteristics of ydT lympho-
cytes is their inherent ability to very rapidly secrete
pro-inflammatory cytokines [23]. In this regard,
the functional maturity of y8T lymphocytes was
characterized by their ability to produce intracellulary
either IFNy or IL-17, followed by the determination of
IFNy*ydT lymphocytes, IFNy* IL-17"y3T lymphocytes
or IL-17"y8T lymphocytes in 3-days PBMC cultures
from patients with malignant and benign NC and
PNS tumors and healthy donors.

The main source of IFNy among T cells was a
subpopulation of ydT lymphocytes (Figure 3) whereas
CD3*T cells synthesized IFNy at low levels (group 1:
7.8 (5.2-11.2) %; group 2: 4.3 (3.9-4.7) %; group 3:
5.2 (4.6-6.2) %). A significant increase of spontaneous
intracellular IFNy production by y3T lymphocytes
was observed in group 1 as compared to the control
group (Figure 3), while the significant differences
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in the population of CD3*T lymphocytes were not
established.

Moreover, IFNy"ydT Ilymphocytes correlated
with IFNy concentration in supernatants of patients
with malignant NC and PNS neoplasms (R = 0.61;
p < 0.05), which varied from 22.7 to 1396.2 pg/mL.
At the same time, the percentage of y3T lymphocytes
spontaneously synthesizing the both IFNy and 1L-17
was increased in patients with malignant and benign
tumors as compared to the controls (p < 0.05). The
number of YSTCR*IFNy*IL-17*T cells in patients
from group 2 was significantly higher than in group 1
(Figure 3). In addition, in patients with benign
tumors, the number of y3T lymphocytes producing
only IL-17 was higher than in group 1 or healthy
donors (Figure 3).

Discussion

Recently, the immune system has been established
to play a key role in the control of tumor growth
and progression [14]. In view of this, the phenotype
of main lymphoid cells subsets was investigated in
peripheral blood of patients with malignant and
benign tumors of NC and PNS. The revealed CD4/
CDS8 ratio decrease characterizes the redistribution of
T cells towards cytotoxic profile in patients with SCC.
Thus, the activation of the classical T cell immunity
with a pronounced cytotoxic potential is observed
in patients with malignant NC and PNS neoplasms
reflecting the formation of antitumor immunity and
was previously reported by many authors [8, 12, 17].

In this regard, our attention essentially focused
on non-classical y8T cells, which were discovered
three decades ago and still remain an enigmatic
population of lymphocytes [26, 30]. y8T cells perform
a wide variety of functions, but some discrete subsets
have more restricted effector properties with strong
evidence for functional plasticity in the periphery
during immunopathological process [23, 32]. The
elevation of ydT cells relative number was detected
in peripheral blood of patients with SCC. So, taking
into account that y3T cells structural and functional
features can be used as possible biomarkers of NC and
PNS neoplasms, the subsets composition, proliferative
ability and cytokine profile were further investigated.

According to literature data, three subpopulations
of ydT lymphocytes are distinguished depending on
the expression of the TCR & chain: a) V81*T cells that
populate mainly gastrointestinal epithelium, skin,
spleen, liver, and also are found in a small amount in
peripheral blood (< 30%) recognizing lipid-presenting
MHC-like molecules of the CDI1 family or stress-
induced molecules MICA/B, ULBP; b) V32*T cells
that predominate in peripheral blood (> 70%) and
are activated by microbial phosphoantigens ((E)-
4-hydroxy-3-methyl-but-2-enyl pyrophosphate)
or phosphoantigens of transformed cells (IPP); ¢)
V83*T cells, which are localized in the liver and
gastrointestinal epithelium, express the degranulation
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Figure 3. IFNy and IL-17 synthesis in y8T lymphocytes

(%) of patients with malignant and benign NC and PNS
neoplasms

Note. *, p < 0.05 as compared to group 3; group 1, patients with
squamous cell carcinoma; group 2, patients with inverted papilloma;
group 3, healthy donors; TCR, T cell receptor; IFNy, interferon v; IL-17,
interleukin 17.

marker CD107a and are identified in patients with
chronic viral infection (cytomegalovirus, HIV), B cell
leukemia and lymphoma [28, 33].

Our results showed changes in ydT lymphocytes
subsets characterized by the significantly decreased
number of V32*T cells and the increased amount
of V&1'T cells as well as the tendency to increased
V81-V82 T lymphocytes (VO3*T cells) in peripheral
blood of patients with both malignant and benign
NC and PNS tumors as compared to healthy donors.
Previously, Wu D. et al. have reported a redistribution
of y8T lymphocytes subsets between peripheral blood
and tissue under oncopathological conditions because
of changes in the cytokine microenvironment [28].
Taking into account that V52T lymphocytes mainly
recognize phosphorylated antigens generated in
mevalonate pathway and accumulate in tumor cells,
as well as F1-ATPase expressed on the surface of
tumor cells and stress-induced molecules (MICA
and MICB, UL16-binding protein) [26], a decrease
in V32T cells number in the peripheral blood results
from cells migration into tissues for their effector
functions implementation.

Previous studies demonstrated that V82*T lym-
phocytes subset has a pronounced antitumor
potential, can inhibit cell proliferation, angiogenesis,
lymphangiogenesis and induce apoptotic death of
cancer cells [13, 15]. The role of Vo1*T lymphocytes
in malignant neoplasms pathogenesis is still being
debated. Incontrastto V62* T cells, Vo1 Tlymphocytes
exhibit a more expressed regulatory function and
are involved in immunosuppression due to the
following mechanisms: inhibition of dendritic cell
maturation as well as activation and differentiation of
afT lymphocytes into effector cells; IL-17-mediated
angiogenesis and myeloid-derived suppressor cells
(MDSC) recruitment; transforming growth factor 3
(TGF-B) production and promotion of epithelial-
mesenchymal transition [5, 16, 25, 27]. In this regard,
malignant cancer cells avoid immunosurveillance,
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that results in invasion and metastasis. However, some
authors demonstrated that the antitumor cytolytic
effect of V31*T lymphocytes in certain tumors is much
higher than that of V32*T lymphocytes [29]. In turn,
the role of V83T lymphocytes has not been studied in
oncopathology, and the data concerning V383*T cells
cytotoxic properties are contradictory [32].

Thus, elevated V81*T and V&3*T lymphocytes
numbers in the peripheral blood, on the one
hand, can reflect an increased activation of these
subsets, and on the other hand, indicate an unfa-
vorable microenvironment that leads to the im-
munosuppression and then to the tumor formation.

Moreover, y3T lymphocytes redistribution was
accompanied by changes in their functional status.
Thus, in patients with SCC, the proliferative potential
of y8T lymphocytes in response to phosphoantigen
IPP was significantly higher than in patients with
IP or healthy donors. The recognition of tumor
cells by y8T lymphocytes is known to occur through
a host of cell surface receptors for self and non-
self ligands, including TCR recognition of tumor
antigen and stress ligand receptors, such as NKG2D,
FCylIl (CDI16), FasL, TRAIL and DNAM-1
(CD226) [6]. V82T lymphocytes recognize tumor-
derived phosphorylated prenyl metabolites in a
TCR-dependent manner, which may accumulate
intracellularly as a by-product of dysregulated
tumor metabolism. IPP is one of well-studied
phosphoantigen, which can accumulate in cancer
cells as a result of the elevated metabolic flux through
the mevalonate pathway of cholesterol biosynthesis [ 1,
9, 19]. Non-peptidic antigens are not presented in the
context of classical MHC and are instead presented
through a non-polymorphic type I transmembrane
protein called butyrophilin 3A1 (BTN3A1). But the
mechanism of activation of V82*T cells by BTN3A1-
bound phosphoantigen remains controversial [19].
Non-MHC-restricted, possessing innate-like recog-
nition kinetics V32*T cells are an attractive candidate
for cancer immunotherapy and have been targeted
in clinical settings using aminobisphosphonate
drugs — potent inhibitors of the mevalonate pathway.
Thereby, aminobisphosphonates not only promote
direct antitumor effects but also lead to a build-
up in endogenous isoprenoid metabolites resulting
in activation and proliferation of type 1 cytotoxic
effector yoT cells with antitumor potential to produce
IFNy, TNFa, perforin and granzymes [6]. Despite
the detected high level of ydT cells proliferation rate
in response to IPP in patients groups, the indices
remained reduced that possibly reflects the exhaustion
of y8T cells functions as a result of chronic stimulation
with tumor antigens.

Together  with  phenotypic heterogeneity
yoT lymphocytes demonstrate functional plasticity,
whichisdeterminedbyboththeanatomicallocalization
and the presence of an inflammatory or tolerogenic
signal of the microenvironment [13]. Inthisregard, the
cytokine profile (IFNy or IL-17) of ydT lymphocytes

in patients with NC and PNS neoplasms was further
investigated. An increased spontaneous intracellular
and extracellular IFNy production respectively in
yOT cells and PBMC cultures was found in patients
with SCC. By secreting large amounts of IFNy,
voT cells participate in controlling infection or tumor
progression through the activation of macrophages
and cytotoxic lymphocytes and provide antitumor
immunosurveillance [23]. But in the both groups
of patients, IL-17-producing ydT cells were also
detected, which may play a pathogenic role, as their
main function is extremely fast neutrophil recruitment
at the site of inflammation. The established differences
in IL-17-producing y3T cells in patients with
malignant and benign NC and PNS neoplasms may
reflect an active change in the functional potential
of yoT lymphocytes from IFNy-mediated antitumor
to IL-17-mediated protumorigenic or migration of
IL-17" cells in tissues. IFNy"IL-17"y3T cells have
also been characterized in patients with malignant
and benign NC and PNS neoplasms. Although their
precise physiological relevance is still to be established,
IFNy*IL-17*y8T cells can clearly be a distinct
component of y3T cells response in scenario of tumor
immunity. Sheridan et al. showed that IFNy*IL-
17*ydT cells lack of CD27 and become memory
phenotype providing enhanced protection against
recall infection [24]. Thus, IFNy*IL-17y3T cells may
potentially play host-protective versus pathogenic role
in a distinct microenvironment.

ydT lymphocytes are known to participate in
antitumor immunosurveillance via the following
mechanisms: direct cytotoxicity mediated by
perforins and granzymes; FasL. and TRAIL expression
and elimination of Fas® and TRAIL-R* tumor
cells; CD16-mediated antibody-dependent cellular
cytotoxicity; the ability to present tumor antigens;
rapid and early production of IFNy and TNFa,
which enhance the cells antitumor activity and
inhibit tumor angiogenesis [10, 23, 32]. However,
in recent years, there have been publications about
the protumorigenic activity of ydT lymphocytes. In
particular, IL-17*ydT lymphocytes, being the main
source of IL-17 in the tumor microenvironment,
can contribute to angiogenesis by inducing vascular
endothelial growth factor synthesis, increasing the
MDSC population and MDSC-mediated depletion of
CDS8*T lymphocytes [3], as well as tumor progression
because of tumor-associated inflammation and
immunosuppression, including 1L-10 and TGF-
production [2, 28]. In addition, IL-1p and IL-17
secreted by IL-17"ydT lymphocytes stimulate the
expansion and polarization of neutrophils, which
in turn acquire the ability to suppress cytotoxic
CDS8*Tlymphocytesand contribute to metastases [21].

Conclusion

The activation of the classical and non-classical
T cell immunity with an expressed cytotoxic potential
is observed in patients with SCC, which is typical for
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antitumor immunity development. In both groups
of patients with malignant and benign NC and PNS
neoplasms, YT lymphocytes demonstrate phenotypic
heterogeneity characterized by the increase of
Vo1*T and V83T lymphocytes as well as by the
exhaustion of ydT cells proliferation. At the same
time cells functional plasticity differed between study
groups: yOT lymphocytes of patients with SCC are
characterized by predominantly IFNy production
that mediates antitumor immunity, while in the group
with IP the prevalence of IL-17 synthesis is detected

that is typical for protumorigenic microenvironment.
The revealed data point the involvement of
vdT lymphocytes in malignant and benign tumor
pathogenesis and may provide a fundamental basis
for further identification of possible tumor-associated
inflammation and malignization predictors. But for
the application of ydT lymphocytes parameters as
biomarkers for diagnosing NC and PNS neoplasms,
there is a need for their further investigation including
the correlation with patients’ clinical data.
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