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Abstract

Introduction. Tumor infiltrating lymphocytes are a major component of sinonasal neoplasms, actively populating tumor tissue, yet
their role remains poorly understood. The aim is to characterize subsets and functional profiles of tumor infiltrating lymphocytes in
patients with benign and malignant sinonasal tumors. Materials and methods. Tumor infiltrating lymphocytes were isolated from
the biopsy material of 58 patients: 18 with sinonasal malignancies, 23 with inverted papilloma and 17 with polypous rhinosinusitis
(control group). Flow cytometry was used for tumor infiltrating lymphocytes immunophenotype estimation. The production of
y-interferon in tissue homogenates was measured by enzyme-linked immunosorbent assay kit. Further, statistical analysis was
done using GraphPad Prism 8. Results and discussion. The microenvironment of sinonasal malignancies is characterized by
increased CD3"T cells (p = 0.049) among tumor infiltrating lymphocytes as well as high levels of extracellular y-interferon in tissue
(p = 0.044). In this group, the decreased y-interferon-positive CD3"T cells (p = 0.010) and CD56"CD16"NK cells (p = 0.027) were
detected as compared to control group. In patients with benign and malignant sinonasal tumors, a significant elevation of regulatory
T cells and increased cytotoxic T lymphocyte associated protein 4-positive CD3"T cells have been observed. Conclusions. The
application of tissue resident regulatory T cells, cytotoxic T lymphocyte associated protein 4-, and CD16-positive CD3"TILs, as well
as intracellular y-interferon production may be considered as potential prognostic biomarkers for malignancy in sinonasal tumors
and requires further investigation.
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lI. Introduction pillomavirus (HPV) and Epstein-Barr virus (EBV) [1-3].

Although tumors of the nasal cavity and paranasal si-
Tumors of the nasal cavity and paranasal sinuses are rare  nyses are presented with different histological features
(account for 1-3% of malignant tumors of all localiza-  and clinical behavior, squamous cell carcinoma accounts
tions), and are heterogeneous neoplasms that are char-  for 90% of head and neck cancer [4]. Inverted papilloma
acterized by multifactorial etiology. Their development (1p) represents the predominant type of benign tumors in
is influenced by genetic predisposition (such as associ-  the sinonasal tract [5]. Due to the poverty of prospective
ations with HLA-B17 and HLA-Bw26), environmental  and large clinical trials, the main problem is the lack of

factors, and chronic viral infections, including human pa-  piomarkers for early detection of the malignant process.

* Corresponding Author: ) - ) o - © 2025 Copyright by the Authors.
Darya Nizheharodava, Research Institute of Experimental and Clinical Medicine, = Licensed as an open access article using a CC BY 4.0 license.

Belarusian State Medical University, 220083 Minsk, Republic of Belarus,
nzh@tut.by 1


https://scifiniti.com/journals/computingai-connect
https://scifiniti.com/
https://creativecommons.org/licenses/by/4.0/
mailto:nzh@tut.by
https://orcid.org/0000-0003-1633-7487
mailto:el.m.nazarenko@gmail.com
https://orcid.org/0009-0003-8620-9445
mailto:natalim-22@yandex.ru
https://orcid.org/0000-0002-1410-8392
mailto:immunology.by@gmail.com
mailto:olsol70@mail.ru
mailto:janept@list.ru
https://orcid.org/0000-0002-3759-141X
mailto:zafranskaya@gmail.com
https://orcid.org/0000-0002-8739-8300
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

2025, Vol. 1, Article ID. 2025.0005
http://www.doi.org/10.69709/CIConnect.2025.133891

(3)) SCIFINITI

Thereby, late diagnosis results in poor effectiveness of
treatment and low survival of patients. From a diagnostic
point of view, it is mandatory not only to perform an im-
munohistochemical tumor assessment but also to under-
stand the immunological peculiarities of malignant and
benign sinonasal neoplasms. Thereby, the local microen-
vironment and tumor-infiltrating lymphocytes (TILs) are
of high scientific and practical interest.

TILs are immune cells that migrate to the area of the
primary neoplasm and actively infiltrate it as well. They
can also be identified in metastases and regional lymph
nodes, making them the objects of increased researcher’s
attention worldwide. However, the understanding of TILs
role in the pathogenesis of cancer is still poorly investi-
gated [6—8]. Initial studies suggested TILs to be cytotoxic
to cancer cells, having almost no effect on healthy tissues.
Later, the dual role of TILs in the tumor microenviron-
ment was confirmed: on the one hand, TILs can suppress
tumor growth by destroying transformed cells or inhibit-
ing their growth, and, on the other hand, TILs promote
tumor progression via selecting immune resistant clones
or creating conditions in the tumor microenvironment that
promote its growth [9—11]. Such a wide functional spec-
trum is primarily due to the heterogeneity of TILs, which
mainly include subpopulations of T lymphocytes, and to
a lesser extent, B lymphocytes, NK cells and innate lym-
phoid cells. The same populations of immune cells can
exhibit both anti- and pro-tumorigenic effects. Their com-
position and functional state can vary significantly de-
pending on the tumor type, disease stage, therapy, and the
method of cell isolation and cultivation [6,12].

TILs prognostic value is still under debate due to
contradictory data. Many authors have demonstrated TILs
to correlate with clinical outcome in different malignant
neoplasms, and have shown that the degree of tumor infil-
tration by lymphocytes determines the disease progno-
sis [13—15]. According to some data, TILs are recog-
nized as a more significant predictor of patient’s survival
than the TNM classification of malignant tumors [10].
Nonetheless, most of these studies were conducted us-
ing immunohistochemical analysis of fixed blocks that al-
lows comparing laboratory and clinical results. However,
this methodological approach provides information only
about the presence of infiltration, its exact localization
and severity, but does not characterize the subpopulation
composition and TILs functional profile. Disadvantages
of the current methodology for TILs determination as a
prognostic biomarker include the lack of quantitative im-
muno(cyto)histochemistry approaches, insufficient repro-
ducibility of results, and labor-intensive procedures for
TILs measuring that can be improved by using the flow
cytometry. Thus, the determination of the immunologi-

cal characteristics of benign and malignant sinonasal neo-
plasms is a highly relevant area that will allow clarifying
the specific contribution of immune parameters to system-
atization and timely diagnostics of sinonasal malignant
and benign tumors.

In this article, the characteristics of TILs subsets and
function profile in patients with sinonasal neoplasms is
presented for the first time, aimed at assessing the TILs dif-
ferences in malignant and benign tumor-associated patho-
logical process in the nasal cavity and paranasal sinuses.

2. Materials and Methods

Patients. The biopsy material was obtained from 58 pa-
tients (37 men and 21 women, average age of 56.5 (43.5;
64.3) y.0.) hospitalized at N.N.Alexandrov National Can-
cer Centre of Belarus or the Republican Scientific and
Practical Center of Otorhinolaryngology from January
2022 to December 2024. All subjects were divided into
three groups: group 1-18 patients with sinonasal malig-
nant neoplasms; group 2—-23 patients with IP; group 3—17
patients with polypous rhinosinusitis (PRS) as a control
group. The group of malignant tumors of the nasal cavity
and paranasal sinuses included patients with the following
diagnoses: squamous cell carcinoma (n = 10), melanoma
(n =5), sarcoma (n = 2), neuroendocrine cancer (n = 1).
Clinical and demographic characteristics of patients are
presented in Table 1.

TILs isolation protocol. Biopsy materials were
routinely processed within 1-2 h of surgical excision
using standard biosafety procedures for human tissues.
Sinonasal tumors were weighed, minced into small frag-
ments of 2—4 mm, transferred into the gentleMACS C
tube («Miltenyi Biotec», Bergisch Gladbach, Germany)
containing 4.7 mL RPMI-1640 («Bio-Whittaker», Walk-
ersville, MD, USA) along with an enzyme mix of 200 puL
enzyme H, 100 pL enzyme R, and 25 uL enzyme A (Hu-
man Tumor Dissociation Kit, «Miltenyi Biotecy, Bergisch
Gladbach, Germany) per 0.2—1.0 g of tumor sample. The
samples then underwent enzymatic tissue digestion us-
ing the gentleMACS Dissociator («Miltenyi Biotec», Ber-
gisch Gladbach, Germany). The dissociation was carried
out by running the gentleMACS program «h_tumor 01»
followed by samples incubation for 30 min at 37 °C under
continuous rotation. Cell suspension was applied onto a
70 um cell strainer («Millipore», Burlington, MA, USA)
and washed with 20 mL of RPMI-1640 at 300 g for 7 min
for further immunophenotyping or cell culturing.

Flow cytometry method. The immunophenotype of
TILs basic subsets was determined using the next CYTO-
STAT tetraCHROME monoclonal antibody panels: CD45-
FITC/CD4-RD1/CD8-ECD/CD3-PC5 and CD45-FITC/
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Table I: Clinical and demographic characteristics of patients.

Parameters Group 1 Group 2 Group 3
(n=18) (n=23) m=17)
Age, years, Me (Q25; Q75) 59 53 56
(49; 66) (38; 67) (45; 63)
, male 11 (61.1) 16 (69.6) 10 (58.8)
Gender, n (%) female 7(38.9) 7(30.4) 7(41.2)
. . yes 4(222) 7 (30.4) 4(23.5)
Smoking, n (%) no 14 (77.8) 16 (69.6) 13 (76.5)
. . yes 5(27.8) 3(13.0) 1(5.9)
Bleeding, n (%) no 13 (72.2) 20 (87.0) 16 (94.1)
o yes 4(222) 8 (34.8) 10 (58.8)
Anosmia, n (%) no 14 (77.8) 15 (65.2) 7(41.2)
. . yes 6(33.3) 1(4.3) 2 (11.8)
Ophthalmological symptoms, n (%) o 12 (66.7) 22(95.7) 15 (88.2)
. o , yes 7(38.9) 2(8.7) 6(35.3)
Negative localization, n (%) o 11 (61.1) 21 913) 11 (64.7)
L 3.62 3.15 3.17
Fibrinogen, g/L, Me (Q25; Q75) (3.05; 4.25) (2.97; 4.60) (2.75; 3.61)
TO 2(1L1)
o Tl 3(16.7)
T claflszf;c)atlon, T 1(5.5) nd. nd.
o T3 2(11.1)
T4, n (%) 10 (55.6)

Notes: group 1—patients with sinonasal malignant tumors; group 2—patients with inverted papilloma; group 3—patients with polypous rhinosi-
nusitis; Me (Q25; Q75)—median (lower quartile; upper quartile); n—number; negative localization—location of pathological focus in sphenoid
sinus, orbital or cranial cavity; T—refers to the tumor size and extent in TNM system for classifying a malignancy; n.d.—not determined.

CD56-RD1/CD19-ECD/CD3-PC5 («Beckman Coulter»,
Indiana, IN, USA). v8T lymphocytes subsets were iden-
tified using a DuraCloneIMTCRs monoclonal antibody
panel:  yOTCR-FITC/xf3TCR-PE/V61TCR-PC7/CD4-
APC/CD8-AF700/CD3-AF750/V52TCR-PB/CD45-KrO
(«Beckman Coulter», Indiana, IN, USA). CD19*CD5"B;
lymphocytes were estimated using CD45-FITC/CD5-PE/
CD19-ECD panel («Beckman Coulter», Indiana, IN, USA).
Regulatory T cells (Treg) were detected as CD3"CD4*
CD127"°%CD25" cells using CD127-FITC/CD25-PE/CD4-
PC7/CD3-APC/CD45-PB panel («Beckman Coulter», In-
diana, IN, USA). Programmed cell death 1 (PD-1)-positive
or CD16-positive cells were measured with CD4-FITC/
CD279-PE/CD8-ECD/ydTCR-PC7/CD3-APC/CD45-PB
or CD3-FITC/CD56-PE/CD16-ECD/y6TCR-PC7/CD45-
PB panels, respectively («Beckman Coulter», Indiana, IN,
USA,; «BioLegend», San Diego, CA, USA). Monoclonal
antibody reagents were added according to the manufac-
turer’s instructions to 100 uL of TILs suspension, and
reaction mixtures were incubated at 20-25 °C for 15 min
in the dark. Results were measured using a 10-channel
Cytoflex flow cytometer («Beckman Coulter», Brea, CA,
USA) and analyzed on 10,000 CD3*T lymphocytes or

1,000 y8T lymphocytes using CytExpert software (ver-
sion 2.3.0.84, «Beckman Coulter», Brea, CA, USA).

The intracellular y-interferon (YIFN) and cytotoxic
T lymphocyte-associated protein 4 (CTLA-4) production
was evaluated in 24 h TILs cultures in RPMI-1640 medium
(«Bio-Whittaker», USA) completed with 10% fetal calf
serum («Gibco», Waltham, MA, USA), 2 mM L-glutamine
(«Bio-Whittaker», Walkersville, MD, USA), 1% antibiotic-
antimycotic («Gibco», Waltham, MA, USA) in CO;-
incubator («Thermo Fischer Scientificy, Waltham, MA,
USA) with 5% CO, and 37 °C. For quantitative intra-
cellular YIFN and CTLA-4 determination 4 ng/mL phor-
bol 12-myristate 13-acetate («Sigmay», Darmstadt, Ger-
many), | pg/mL of ionomycin calcium salt and 10 pg/mL
brefeldin A («Cayman Chemicals», Ann Arbor, MI, USA)
were added in the last 4 h of cell culture activation. Then,
TILs were stained with monoclonal antibodies panel CD3-
FITC/CDS8-PC5/y8TCR-PC7/CD45-PB («Beckman Coul-
ter», Indiana, IN, USA) at 20-25 °C for 15 min in the dark,
fixed with 4% paraformaldehyde («Sigma», Darmstadt,
Germany), permeabilized with 2% Triton X («Sigmay,
Darmstadt, Germany). Intracellular staining was performed
using monoclonal antibodies yYIFN-PE or CTLA-4-PE
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(«Beckman Coulter», Indiana, IN, USA). The results were
analyzed on 10,000 CD3*T lymphocytes or 1,000 y8T lym-
phocytes using flow cytometer.

ELISA. yIFN concentration was measured in super-
natants of tissue homogenates using «gamma-Interferon-
ELISA» kit (A-8752, «Vector-Best», Novosibirsk, Rus-
sian Federation, diagnostic sensitivity—2.0 pg/mL) ac-
cording to the manufacturer’s manual. For tissue ho-
mogenates preparation tissue pieces were weighed and
then homogenized in phosphate buffered saline (PBS) as
tissue weight (g): PBS (mL) volume = 1:9 using homoge-
nization program in gentleMACS Dissociator («Miltenyi
Biotec», Bergisch Gladbach, Germany). To further break
down the cells, the suspensions were subjected to freeze-
thaw cycles. Then, homogenates were centrifuged for
5-10 min at 5000x g at 2-8 °C to get supernatants. The
optical density values were measured with a microplate
reader Sunrise («Tecan», Grodig, Austria) set to 450 nm.

Statistical method. Statistical data processing was
performed using GraphPad Prism 8 («GraphPad Software
Inc.», Boston, MA, USA). Data were tested for normality
with a Shapiro-Wilk test. The median (Me), lower (Q25)
and upper (Q75) quartiles were used as descriptive statis-
tics of the studied groups. Significant differences between
investigated groups were determined by nonparametric
Kruskal-Wallis test with Dunn post hoc test. Significance
levels were set at p < 0.05. The correlation was estimated
using Spearman’s rank coefficient (rtho). RStudio version
2024.09.1 («Posit Software», Boston, MA, USA) with
corrplot package version 0.95 was used to produce the
correlation matrix. Positive correlations were displayed
in blue, while negative correlations were shown in red.
The color intensity and size of the circles were propor-
tional to the correlation coefficients. Correlation results
were considered significant at p < 0.05.

3. Results and Discussion

TILs number and subsets characteristics in patients with
sinonasal tumors. A comparative analysis of TILs con-
centration and phenotype was performed in investigated
groups. A significant increase in TILs number per 1 g
of tissue was detected in both patient groups with malig-
nant sinonasal neoplasms, and IP as compared to patients
with PRS: 23.6 (11.7; 28.5) x 10° (group 1, p = 0.044)
and 26.8 (16.0; 34.4) x 10% (group 2, p = 0.039) versus
17.4 (12.8; 25.4) x 10° (group 3), respectively, indicating
the immune system activity in the tumor tissue.

The obtained results were consistent with the data of
other authors, stating an increased lymphoid infiltration of
sinonasal neoplasm tissue, along with the number of mi-
grating cells into the lesion. This reflected the active in-

volvement of the cellular immune compartment in the anti-
tumor response [6,10,16]. Many studies have described
not only TILs infiltration in the head and neck squamous
cell carcinoma but also their correlation with outcome,
since Wolf first had documented it in 1986 [11,14,15,17].
However, conflicting data have been reported about TILs
association with improved prognosis that can be explained
by differences in subsets, tumor compartment localization
(intra-tumoral versus stromal) and HPV-positive/negative
patients’ status [7]. Thus, further progression of sinonasal
neoplasms is largely determined by the TILs subpopula-
tion composition, the functional profile of which can be
characterized by both pro- and anti-tumorigenic effects.

To characterize TILs subsets in patients with sinonasal
tumors, the relative numbers of the major and minor pop-
ulations of T, B and NK cells among TILs were investi-
gated. The results are presented in Figure 1.

Increased CD3*TILs (Figure 1a, p = 0.003) in com-
bination with decreased CD19*TILs (Figure le, p =0.002)
and CD56"TILs (Figure 1g, p = 0.035) were detected in
patients with malignant neoplasms, as compared to IP pa-
tients. Similar differences in T cells (Figure la, p =0.049)
and a tendency toward a decreased number of B cells (Fig-
ure le, p=0.073) were observed in TILs of Groups 1 and
3, indicating a redistribution of lymphoid populations with
predominant infiltration of T lymphocytes into the tumor
tissue. In IP patients, a feature of TILs subsets compo-
sition was an increase in CD56"NK cells (Figure 1g, p
= 0.035), including CD3"CD56"TNK cells (Figure 1h,

p = 0.047) as compared to patients with malignant tu-

mors. Meanwhile, the significant change in CD3"CD4*T
helpers/CD3*CDS8*T killer ratio (Figure 1b,c) was ob-
served, with a predominance of T helper cells in Group
2 (Figure 1b, p = 0.043) compared to the control group.
It reflected the predominant activation of innate but not
adaptive killer effector mechanisms of anti-tumor immu-
nity in patients with IP.

The investigation of minor lymphoid cells subsets
revealed increased Treg numbers in patients with malig-
nant and benign tumors, as compared to the control group
(Figure 1i, respectively, p = 0.044 and p = 0.041). Cur-
rently, Treg are of a particular interest among lymphoid
cell populations, as they play a decisive role in the se-
lection of highly avid cytotoxic CD8"T lymphocytes, re-
ducing the functional activity of tumor-specific cytotoxic
cells.

Meanwhile, there were no significant differences in
the percent of B, cells (Figure 1f) and y8T cells (Figure 1d)
among TILs of the investigated groups. However, the as-
sessment of yOT cells subsets based on V9§ repertoire of
T cell receptors (tissue-resident V61* or VS17V627T cells
and circulating V82T cells) showed changes: in group 1,
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Figure I: TILs subsets numbers in biopsy materials of patients with malignant and benign tumors and PRS: (a) CD3*TILs,
(b) CD3TCD4'TILs, (c) CD3TCD8*"TILs, (d) CD3"ySTCR*TILs, (e) CD197TILs, (f) CD19TCD5*"TILs, (g) CD56T TlLs,
(h) CD561CD3*TILs, (i) CD3TCD4+TCD127'°“CD25" Treg TILs. Notes: group 1l—patients with sinonasal malignant tumors; group
2—patients with inverted papilloma; group 3—patients with polypous rhinosinusitis; p—p-value; n.s.—not significant. Data are
represented as individual points and whisker plots showing the median (Me), lower (Q25) and upper (Q75) quartiles.

V82'T cells subset prevailed among others (44.3 (27.3; and3 were V517 T cells (54.3 (27.1; 70.4) % and 40.1 (33.8;
53.4) %, p=0.001), while the dominated subsets in group2  49.0) %, respectively, p < 0.001 and p = 0.002).
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Based on the prevalence of immune cells inside and
outside the tumor, Kather et al. assessed a domination of
different immune cells in various cancer types and clas-
sified the tumors into three groups i.e., «cold» (presence
of fewer immune cells both outside and inside the tumor),
«immune excluded» (presence of fewer immune cells in-
side and more immune cells outside of the tumor), and
«hot» (presence of more immune cells inside regardless
immune cell density outside) [18]. According to the data,
the identification of CD3*T lymphocytes absolute major-
ity among TILs, in combination with up-regulated tissue-
resident Treg in patients with malignancies, corresponded
to Kather et al., who had established a high incidence
of CD3-hot, CD8-hot, FOXP3-hot and PD-1-hot tumors
in head and neck squamous carcinoma. In contrast to a
positive outcome in patients with active TILs infiltration,
meta-analysis data indicate that FOXP3*Treg in tumor tis-
sue predicted worse survival rates in the majority of solid
tumors, including head and neck cancers [19]. Moreover,
according to Lou et al., high levels of CD8*TILs infiltra-
tion were related to poor differentiation and lymph node
metastases in patients with sinonasal squamous cell carci-
noma. The paradox of CD8 TILs and tumor progression
coexistence may be explained by a complex crosstalk be-
tween tumor and infiltrating immune cells [20]. In con-
trast, Yin et al. demonstrated that CD8'T cells and TNK
cells were highly expressed in patients with no sinonasal
mucosal melanoma progression, while Th2 T cells,
macrophages and M2 macrophages were highly expressed
in patients with disease progression [21]. Liu et al. re-
ported that HPV-positive patients with head and neck squa-
mous cell carcinoma exhibit higher expression of CD8"T
cells, Treg, dendritic cells, and CD56%™NK cells [22].

The human immune system uses a wide range of
cellular factors and molecules to implement mechanisms
of anti-tumor immunity, resulting in effective destruction
of tumors. The main mechanisms are contact killing me-
diated CD8"T lymphocytes or NK/TNK cells, as well as
antibody-dependent cellular cytotoxicity. Upon activa-
tion and recognition of tumor cells, cytotoxic lymphocytes
can induce tumor cells death via various pathways, includ-
ing perforin/granzyme B, FasL-Fas, TRAIL, or inflamma-
tory cytokines. Another effector mechanism is mediated
by antibodies, binding to which results in tumor cells de-
struction via activating the complement cascade, or the
transmission signals through Fc receptors on immune
cells. It results in antibody-dependent cellular phagocyto-
sis or cellular cytotoxicity involving neutrophils and NK
cells [1,6,23]. Due to the fact that the tumor microenvi-
ronment forms an unfavorable surrounding, and cells are
immature or tolerant, it is crucial to investigate not only
the composition of cell subsets but also the functional

changes in anti-tumor effector mechanisms. In this re-
gard, TILs functional profile, including the estimation of
the cytotoxic innate and adaptive TILs potential, as well
as mechanisms of TILs silencing were further investigated
in patient groups.

The characteristics of effector cytotoxicity mecha-
nisms of immune killer TILs in patients with sinonasal
tumors. To assess the effector mechanisms of specific im-
munity in patients with sinonasal tumors, the intra- and
extracellular yYIFN production (Figure 2) as well as CD16
(Fc receptor to IgG fragment) expression (Table 2) as key
regulators of anti-tumor immunity were characterized.

A down-regulation of intracellular YIFN production
in CD3*TILs of patients with malignant neoplasms was
determined as compared to group 3 (p = 0.010). A simi-
lar decrease in the percentage of CD3*yIFN*TILs in the
local microenvironment was detected in patients with be-
nign tumors as compared to group 3 (p = 0.043). More-
over, decreased number of yYIFN-positive T cells in the
tumor tissue of group 1 was observed in 61.5% of cases,
while in patients of group 2 in 35.7%. A moderate pos-
itive correlation was established between tissue resident
CD3"yIFN*TILs and circulating peripheral blood CD3"y
IFN™T cells in both groups: in patients with malignant
(rtho = 0.43, p = 0.048) as well as benign (rho =0.51,
p =0.048) neoplasms. At the same time, the number of
the major YIFN-producer cells subsets among T lympho-
cytes —ySTCR'T cells—were not significantly different
in all groups: 43.0 (26.9; 57.5) % in group 1; 34.7 (14.8;
45.0) % in group 2; 39.0 (33.4; 45.3) % in group 3 (p
= 0.616). In addition, an increase in extracellular YIFN
synthesis in tumor tissue was found in patients with ma-
lignancies as compared to patients with IP (p = 0.011)
and PRS (p = 0.044), while the level of tissue YIFN pro-
duction did not differ significantly in patients with IP as
compared to the control group (Figure 2, lower panel).

Thus, the microenvironment of sinonasal malignant
tumors is characterized by a high TILs level as well as ex-
tracellular YIFN synthesis in tissue, along with a markedly
decreased population of yIFN-producing T cells. This
may reflect the activation of the tumor-specific immune
response and suggest that T cells fully exert their effec-
tor YIFN-mediated potential at the site of the pathological
process. This can lead to failure due to immunological de-
pletion of cytotoxic T lymphocytes and decreased reserve
capacity of cellular immunity. Kondoh et al. have also
obtained similar results, reporting a high yYIFN-producing
capability among patients with oral squamous cell car-
cinoma at stage I, but it was decreased among patients
whose tumor progressions were at stages II and I1I [24].

Norouzian et al. have demonstrated that larger tu-
mor size, higher stage of the disease and/or lymph nodes
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Figure 2: CD3"yIFNTT cells (%) in TILs (upper panel) and tissue YIFN concentration (pg/mL) (lower panel) in patient groups,
Me (Q25; Q75). Notes: (a) group 1 (patients with sinonasal malignant tumors); (b) group 2 (patients with inverted papilloma);
(c) group 3 (patients with polypous rhinosinusitis); p—p-value as compared to group 3; Me (Q25; Q75)—median (lower quartile;
upper quartile). Upper panel represents individual histograms with descriptive statistics as Me (Q25; Q75) of intracellular yIFN
production in tumor infiltrated CD3T T lymphocytes measured with flow cytometry, lower panel—extracellular YIFN production in
tissue homogenates measured with enzyme-linked immunosorbent assay (ELISA).

Table 2: CD16- and yIFN-positive TILs subsets and tissue YIFN production in patients with sinonasal tumors, Me (Q25; Q75).

Patients’ Groups

p-Value

TILs Subsets

Group 1 Group 2 Group 3 Kruskal-Wallis Test ~ Dunn Post-Hoc Test
CD3'CD16" 1.4 1.6 3.0 B P12 i 0.832
TILs, % (0.5;2.7) 0.7;7.8) (1.1;5.3) p=0.098 p1-3=0.094
= ’ o o T p2-3>0.999
% p—

A YSTCR'CD16" 15.4 253 12.1 3 pi1-2=0.803
= TILs, % (4.5;23.4)  (9.6;34.0) (9.5, 16.4) p=0383 pi3>0.999
S ’ ’ ’ ’ P23 =0.587
CD56'CD16" 20.7 27.0 39.2 _ 0031 pi-2 : 8323

TILs, % (17.5;404) (21.8;45.1)  (32.0;58.2) p=7 P13 e
p23=0.386

Notes: TILs—tumor-infiltrating lymphocytes; group 1—patients with sinonasal malignant tumors; group 2—patients with inverted papilloma; group
3—patients with polypous rhinosinusitis; Me (Q25; Q75)—median (lower quartile; upper quartile). Significant p-values are shown in bold.

involvement were associated with lower frequencies of
CD8"yIFN'T cells [25].

In patients with IP, a decrease in intracellular yIFN
production, in association with normal CD3*TILs and ex-
tracellular yIFN level at the site of the tumor may indi-
cate insufficient stimulation of effector reactions, medi-
ated by type II interferon from antigen-presenting cells.
This mechanism requires further detailed study at the level
of induction and regulation mechanisms of interferon syn-
thesis.

In addition to its autocrine effect on primary yIFN
producing cells, this cytokine can also influence stromal
cells in the inflammatory or tumor environment, such
as macrophages, myeloid-derived suppressor cells, den-
dritic cells, and B cells. yIFN acts as a cytotoxic cy-
tokine together with granzyme B and perforin initiating
apoptosis in tumor cells, but, on the other hand, it can
also promote the synthesis of PD-L1 and indoleamine 2,3-
dioxygenase, thereby stimulating other immunosuppres-
sive mechanisms [24-26].
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One of the actively studied areas in cancer immuno-
logical research is assessment of expression of CD16 re-
ceptors on subpopulations of lymphoid cells. Low-affinity
receptors type III of immunoglobulin G Fc-fragments
(CD16, FCyR3) are predominantly expressed as CD16A
protein (FCyR3A) on NK cells, and may be found on
the membrane of monocytes, tissue-specific macrophages,
v8T lymphocytes and dendritic cells. The presence of
CD16A on TNK and y8T lymphocytes allows these cells
to recognize tumor cells without MHC 1, unlike T killers,
and to carry out antibody-dependent cellular cytotoxicity
due to the presence of the Fc receptor on their membrane.
Evaluation of membrane CD16 expression is used to de-
termine the population composition and their functional
status in various diseases, including oncology [27,28]. In
this regard, the expression of the CD16 receptor on sub-
populations of lymphoid cells in the tumor tissue was as-
sessed in patients with sinonasal tumors (Table 2).

Decreased CD56"CD16"NK cells among TILs in tu-
mor tissue of patients with sinonasal malignancies were
shown, as compared to patients with PRS (p = 0.027).
While there were no significant differences in CD16 expres-
sion on CD3"TILs and y8TCRTILs in group 1 (Table 2).
The results indicate the failure of antibody-dependent cyto-
toxicity at the level of innate immune cells, contributing to
the protumorigenic pathogenesis of neoplasms. Decreased
antibody-dependent cellular cytotoxicity is likely to occur
under the influence of inhibitory receptors in the tumor
microenvironment.

To our knowledge, no studies have yet been pub-
lished on the specific function of CD16"T cells in sinonasal
malignancies. However, Zophel et al. have found that
the percentage of CD16™T cells (>1.6% CD16" T cells)
is a protective predictor for the progression-free survival
of patients with non-Hodgkin B cell lymphoma over a
24-month period [29]. Meanwhile, Lalos et al. reported
that a high density of CD16-expressing TILs in recurrent
ovarian cancer is associated with improved recurrence-
free survival and overall survival [30].

The expression of CTLA-4 and PD-1 on TILs in
patients with sinonasal tumors. Immune checkpoint in-
hibitory molecules are a system of regulatory mechanisms
acting through the activation of immunosuppressive sig-
naling, resulting in the formation of peripheral tolerance
and promoting the development of neoplasms [22,31].
The expression of most studied checkpoint inhibitory
molecules—cytotoxic T lymphocyte associated protein
4 (CTLA-4) and programmed cell death protein 1 (PD-
1)—was investigated on TILs membrane in patients with
sinonasal tumors. The results are presented in Table 3.

Increased CTLA-4 expression on CD3 TILs was
established in both groups of patients with sinonasal tu-

mors, malignant (p = 0.036) as well as benign (p = 0.047),
as compared to patients with PRS. Herewith, in group
1 changes occurred mainly due to CTLA-4 expression
elevation on T helpers (p = 0.049) and cytotoxic T cells
(p = 0.033) subpopulations, while in group 2—on T helpers
(»p = 0.018) and ydT cells (p = 0.021) subsets of TILs
(Table 3). Moreover, the higher the percentage of CTLA-
4-positive CD3"TILs and CD3"CD4*TILs was detected
in the tissue of patients with malignancies, the largest
amount established in circulating peripheral blood T lym-
phocytes (rtho = 0.48, p = 0.047 and rho = 0.55, p = 0.032,
respectively). Increased CTLA-4 expression on CD3*
CD4"TILs can presumably occur due to the pool of Treg,
which regulate the anti-tumor immune response. The
number of these cells was significantly higher among
TILs in patients from Groups 1 and 2 compared to the
control group (Figure 1g). According to literature data,
CTLA-4 is a transmembrane glycoprotein that plays a key
role in the development of peripheral tolerance to self-
proteins by neutralizing the function of the co-stimulatory
molecule CD28, while being a homologue of the latter
one. Unlike CD28, CTLA-4 has a higher binding affinity
for CD80/CD86 on antigen-presenting cells, so there is
a competition for binding. The mechanisms of CTLA-4
inhibitory effect on T cells are still a subject of debate in
the investigation of tumor pathogenesis. The extracellular
mechanism of inhibition includes the secretion of a solu-
ble form of CTLA-4, the production of indoleamine-2,3-
dioxygenase, and the involvement of Treg in the immune
response. The intracellular type of this effect involves
competition with CD28 for binding to the ligand, block-
ing the expression of lipid rafts and the formation of an
immunological synapse, as well as association with phos-
phatases. Moreover, CTLA-4-mediated trans-endocytosis
can occur on the T cell surface, removing the ligand from
the surface of the antigen-presenting cell [11,22,32]. Saini
et al. have reviewed the majority of head and neck squa-
mous cell carcinoma overexpressed actionable immunity
genes, including CTLA-4, which are associated with poor
prognosis [33]. Moreover, the exhausted T cells are char-
acterized by CTLA-4 expression that negatively regu-
lates their response, as along with reduced secretion of
cytokines and cytolytic molecules [34].

There were no significant differences in the expres-
sion of the checkpoint inhibitory molecule PD-1 on CD3*
TILs and their subsets across all patient groups (Table 3),
which contradicts the findings of some authors [11,18,28].
PD-1 is a membrane protein of the immunoglobulin su-
perfamily that negatively regulates T cell activation by in-
ducing dephosphorylation and inactivation of the T cell
kinase ZAP70, thereby reducing the production of inflam-
matory cytokines and cell survival proteins [35]. Along
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Table 3: PD-1- and CTLA-4-positive TILs subsets in patients with sinonasal tumors, Me (Q25; Q75).

Patients Groups
TILSs Subsets

p-Value

Group 1 Group 2 Group 3 Kruskal-Wallis Test ~ Dunn Post-Hoc Test
CD3"CTLA-4" 43.0 36.7 23.6 = 0.019 1;” i 3‘322
- : . i = 0. 1:3=10.
TILs, % (29.2;56.8)  (34.2;45.1)  (17.2;43.1) = 0.047
g CD4"CTLA-4" 55.0 55.4 342 0013 b2~ 3'333
B TILs, % (39.8;68.1)  (49.4;622) (29.3;51.2) p=2 Prs—
z p2;=0.018
é CD8'CTLA-4" 26.9 13.6 13.1 — 0.039 b 3‘322
3 TILs, % (15.1;33.4)  (7.8;35.1)  (7.9;17.5) p= Prs— >
P23 = 0.616
YSTCR'CTLA-4" 443 53.7 312 p= 0023 i” _ 8'32?
o ) ] . = V. 1-3 — VY.
TILs, % (25.6;59.2)  (36.4;70.3)  (20.8; 44.9) os = 0,021
CD3*PD-1* 80.4 70.3 77.2 = 0.646 i“ g 8'233
. ) ) . = V. 1-3 .
TILs, % (71.4;85.8)  (57.2;87.8) (72.8;82.7) s > 0,999
P CD4'PD-1 80.6 68.2 76.4 »=0701 i“ g 8'333
= . : . ) =0. 13> 0.
E TILs, % (60.6;84.8)  (58.5;81.8)  (66.1; 81.6) oy > 0.999
2 CD8'PD-1" 75.9 77.8 80.9 2= 0617 ﬁ“ g 8‘333
) : ' X =0. 1-3 .
TILs, % (69.2;85.8)  (60.6;85.1)  (72.6;86.3) 2y — 0.980
vSTCR'PD-1* 71.4 66.4 80.2 p=0.862 i“ i 8233
\ : . X =0. 13> 0.
TILs, % (57.6;87.6) (48.9;87.2)  (60.3; 83.9) s > 0,999

Notes: TILs—tumor-infiltrating lymphocytes; PD-1—programmed cell death 1; CTLA-4—cytotoxic T-lymphocyte-associated protein 4; group
1—patients with sinonasal malignant tumors; group 2—patients with inverted papilloma; group 3—patients with polypous rhinosinusitis; Me (Q25;
Q75)—median (lower quartile; upper quartile). Significant p-values are shown in bold.

with CTLA-4, PD-1 represents a promising target for the
development of new therapeutic strategies for anticancer
therapy, but its role in sinonasal malignancies is still con-
troversial.

The correlation of clinical and immunological pa-
rameters in patients with sinonasal tumors. To identify
potential predictors for possible malignancy of the tumor,
a correlation analysis of TILs number and their functional
profile with patients’ clinical parameters including smok-
ing, bleeding, anosmia, ophthalmological symptoms, tu-
mor size and extent (T) was performed. The results are
presented in Figure 3.

In patients of group 1, the number of CD3*TILs cor-
related with negative localization (R = 0.53; p = 0.021)
and serum fibrinogen level (R = 0.56, p = 0.035), while
the percentage of CD19"TILs was inversely dependent
on bleeding (R = —0.53; p = 0.029), anosmia (R = —0.56;
p =0.011) and negative localization (R = —0.45; p = 0.047).
The established correlation of CD3"TILs number with
serum fibrinogen levels, as well as negative tumor local-

ization in patients with malignant neoplasms, suggests a
possible role of T cells functional profile in tumor progres-
sion. Fibrinogen may serve as a scaffold that facilitates
the binding of tumor cells and platelets, thereby contribut-
ing to migration and promoting tumor angiogenesis.

4. Limitations of the Study

The present study is associated with some limitations.
Firstly, this was a single-center retrospective study with a
limited number of patients and a heterogeneous group of
malignancies. On the other hand, this study was prelimi-
nary and paves the way towards further investigation, in-
cluding prospective studies with a larger number of more
homogeneous groups, and broader clinical sample valida-
tion that is necessary to confirm prognostic significance
of immunological biomarkers. Secondly, the study did
not assess the clinical importance of the association be-
tween TILs subsets and their localization in tumor tis-
sue using hematoxylin-eosin stained sections. However,
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Figure 3: The correlation of clinical and morphological parameters in patients with malignant and benign tumors. Notes: positive
correlations are displayed in blue and negative correlations in red color. Color intensity and the size of the circle are proportional to
the correlation coefficients. Correlation results were considered significant at p-value: * p-value < 0.05, ** p-value < 0.01.

the International TILs Working Group does not currently ation will be clarified. Thirdly, many mechanisms for
recommend that immunohistochemistry be used to detect immunosuppressive tumor microenvironment are already
specific subpopulations. In the near future, this associ- known, but the study investigated only YIFN- and CD16-
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mediated TILs effector anti-tumor mechanisms, as well
as role of checkpoint inhibitory molecules CTLA-4 and
PD-1 in immunological tolerance formation. Therefore,
further comprehensive research is needed to better under-
stand cytotoxic mechanisms in sinonasal tumors, includ-
ing TILs functions exhaustion, not only at the level of
immune cells, but also tumor cells.

5. Conclusions

TILs play a central role in the surveillance of malignant
and benign sinonasal neoplasms. However, currently the
generally accepted approach to the immune status assess-
ment focuses on the characterization of peripheral blood
lymphoid cells, and the phenotypic and functional TILs
characteristics are still not fully investigated. In this study,
the involvement of various mechanisms of cellular cyto-
toxicity and tolerance formation to tumor antigens has
been demonstrated in patients with benign and malignant
sinonasal neoplasms.

The microenvironment tissue in patients with malig-
nant sinonasal tumors is accompanied by decreased TILs
cytotoxicity mechanisms, due to FcRy (CD16) down reg-
ulation on NK cells and T lymphocytes, along with in-
creased Treg and CTLA-4-positive CD3"TILs. The cy-
tokine profile of sinonasal malignancies is characterized
by a significantly high level of local extracellular YIFN
production, in combination with a pronounced decrease
in the number of yIFN-producing T cells. This indicates
the implementation of the effector yIFN-mediated poten-
tial by T cells in the focus of the pathological process, po-
tentially leading to immune response failure as a result of
cytotoxic T lymphocytes immunological depletion and a
decreased reserve capacity of cellular immunity.

Decreased CD16 expression on NK cells and in-
creased CTLA-4 expression only on T helper TILs sub-
set have been established in IP patients. The detected
significant decrease in both intracellular and extracellular
YIFN production in the tumor tissue may indicate insuffi-
cient stimulation of yIFN-mediated effector reactions in
patients with a benign neoplasm.

The application of tissue resident Treg, CTLA-4-
and CD16-positive CD3*TILs, as well as intracellular
YIFN production may be considered as potential prog-
nostic biomarkers for malignancy in sinonasal tumors and
requires further investigation.
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