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Among all malignancies, primary fallopian tube carcinoma is the most insidious and challenging to diagnose and
treat appropriately. The tumor microenvironment plays a crucial role in supporting the functioning of cancer cells
and actively influences them. Understanding the prognostic potential of the presence of tumor-infiltrating immune
cells is important not only for its intensity but also for the subpopulation composition of the infiltrating cells.

Objective - to evaluate the qualitative composition of the immune microenvironment of tissue in primary serous
carcinoma of the fallopian tubes.

The study was conducted on 66 samples of tumor tissue from fallopian tubes. Molecular and biological markers
used in the study included Ki-67, p53, VEGF, ER, PR, CD3, CD79a, CD68, and myeloperoxidase (MPO). The criteria for
assessing molecular and biological markers were conducted according to commonly accepted methods and accord-
ing to the manufacturer’s protocol.

The presence of tumor-infiltrating inflammatory infiltrate was established in 40.9% of primary serous carcinoma
of the fallopian tubes. The presence and intensity of infiltration depended on the degree of atypia of cancer cells
(p<0.05). The cellular component of the microenvironment of primary serous carcinoma of the fallopian tubes is pre-
dominantly represented by B-lymphocytes. A decrease in the level of T-cell infiltration in tumor tissue was somewhat
associated with lymph node metastasis (p<0.001). The presence of macrophages in tumor tissue was significantly
higher in the group of patients with primary serous carcinoma of the fallopian tubes with metastasis to regional
lymph nodes (p<0.001). A moderate negative correlation was found between the presence of T-lymphocytes in the
tumor microenvironment and ER (r=-0.48, p<0.001) and PR (r=-0.43, p<0.001). A negative correlation of moderate
strength was established between the presence of B-lymphocytes, ER (r=- 0.56, p<0.001), and PR (r=- 0.50, p<0.001).
A correlation was found between the presence of T- and B-lymphocytes in the tumor microenvironment and Ki-67
expression (r=0.28, p<0.05 and r=0.27, p<0.05 respectively). A moderate correlation was established between the
presence of T-lymphocytes (r=0.47, p<0.001), B-lymphocytes (r=0.58, p<0.001), and p53 expression. No statistically
significant correlation was found between the presence of T-lymphocytes, B-lymphocytes, macrophages in the tumor
microenvironment, and VEGF expression (p>0.05).

The presence of inflammatory tumor microenvironment predominantly localizes in low-grade neoplasms (66.7%),
and its qualitative and quantitative composition is associated with decreased expression of steroid hormone recep-
tors in tumor tissue (p<0.001) and correlates with Ki-67 (p<0.05) and p53 (p<0.001) expression. Decreased levels of
CD3+ T-lymphocytes in primary fallopian tube carcinoma tissue and significant infiltration of the tumor by CD68+

macrophages are associated with regional metastasis and are indicators of an unfavorable prognosis.
Key words: immune microenvironment, tumor immune infiltrate, fallopian tube cancer, inflammatory tumor

microenvironment, serous fallopian tube carcinoma.
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of the tumors progress using carcinoembryonic antigen-
related cell adhesion molecules and cyclooxygenases».

Introduction.

Primary fallopian tube cancer (PFTC) ranks last
among oncological diseases of the female reproductive
system. However, the mortality from it is quite high [1].
The incidence of PFTC varies from 0.14% to 1.8% among
all malignant tumors of the female reproductive system
[2, 3]. The causes of occurrence, frequency, diagnostic
possibilities, prevention and treatment of PFTC remain
not only problematic and relevant, but also poorly cov-
ered in modern medical literature. It is currently known
that this type of neoplasm in practical oncogynecology
occurs much more often and can be the source of serous

tumors of the ovaries and peritoneum [4-6]. Increased
oncological alertness, improvement of diagnostic meth-
ods, and the introduction of immunohistochemical (IHC)
research methods into practice have contributed to a
relative increase in the incidence of this type of neo-
plasm over the past fifty years [7].

The tumor microenvironment not only plays an im-
portant role in supporting the functioning of cancer
cells, but also actively influences it. There are data on
the antagonistic effect of immunocytes on tumor cells.
Moreover, a significant number of publications demon-
strate that the presence of immune system cells in the
immediate tumor environment is a negative factor that
correlates with accelerated growth and metastasis of
cancer [8, 9]. The tumor immune microenvironment can
not only directly or indirectly affect its development, but
also have prognostic significance. Penetrating into the
tumor, immune system cells can play the role of produc-
ers of various pro-inflammatory factors, thereby main-
taining the state of chronic inflammation and stimulat-
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ing the growth and progression of neoplasms [10, 11]. At
the same time, the cells of the predominantly lymphoid
line of the immune system (T — and B-lymphocytes, NK-
cells) implement various scenarios of antitumor immune
defense (production of antibodies, contact cell and com-
plement-dependent cytolysis, etc.), which leads to the
limitation of tumor growth [12]. It should be noted that
there are currently no data on the influence of the qual-
itative and quantitative composition of the tumor mi-
croenvironment on the phenotype and progression of
PFTC.

The aim of the study.

To evaluate the qualitative composition of the im-
mune microenvironment of tissue in primary serous car-
cinoma of the fallopian tubes.

Object and research methods.

The study was conducted on surgical material ob-
tained from 66 patients with serous adenocarcinoma of
fallopian tubes (SAFT). Written informed consent was
obtained from the patients for the publication of this
study and accompanying images. There are no potential-
ly identifiable human images or data is presented. Eth-
ical approval based on the Declaration of Helsinki with
the registration of this study was provided by the Bioeth-
ics Commission of the Academic and Research Medical
Institute of Sumy State University, Sumy, Ukraine (proto-
col Ne 14/02 from 18/02/2021).

The immunophenotype of neoplastic cells was stud-
ied in the immunohistochemical study using molecular
biological markers reflecting characteristics of prolifer-
ation (Ki-67), apoptosis (p53), neoangiogenesis (VEGF)
and tumor hormonal status (ER, PR). The qualitative
composition of the tumor immune microenvironment
was studied using antibodies to CD3 (T-lymphocyte pop-
ulation marker), CD79a (B-lymphocyte marker), CD 68
(macrophage marker), and to myeloperoxidase (MPO)
protein (a marker of neutrophil and eosinophil granulo-
cytes).

The obtained preparations were examined using a
Carl Zeiss Primo Star microscope with simultaneous dig-
ital output of a ZEN 2 (blue edition) image system and
taking pictures with a Zeiss AxioCam ERc 5s digital cam-
era (Germany).

Data processing was carried out using Microsoft
Excel 2010 software with the Attestat 12.0.5 applica-
tion. The probability estimation of discrepancies of the
compared indicators was carried out using the Student’s

Figure 1 — SAFT of low differentiation: 1, 2 — IHC study of 79a receptors in tumor tissue of FT.
Magnification: x100. Designation: A — cancer cells; B — diffusely located 79a* lymphocytes.

t-test. Identification and assessment of the nature of
the relationship between the indicators was carried
out using rank correlation with the calculation of the
non-parametric Spearman’s rank correlation coefficient
(r). The results were considered statistically significant at
a probability level of more than 95% (p<0.05).

Research results and their discussion.

During the morphological study in the stroma and
parenchyma of the tumor tissue of SAFT, the presence of
lymphocyte-macrophage infiltration of varying degrees
of severity was revealed — from insignificant, where iso-
lated lymphocytes and small lymphoid infiltrates are de-
termined, to more pronounced, in the form of focal clus-
ters based on the type of formation of lymphoid follicles,
mainly located on the border of the tumor — the perifo-
cal zone. At the periphery of tumor tissue growth zones,
an inflammatory rim is formed in places, represented by
a cluster of immunocompetent cells (lymphocytes, mac-
rophages, granulocytes). Cells of hematogenous origin
infiltrating the tumor represent a heterogeneous pop-
ulation. Since it is impossible to determine their quali-
tative composition during histological examination, we
differentiated them according to the expression of the
corresponding markers during immunohistochemical
examination.

The presence of a tumor-infiltrating inflammatory
infiltrate in histological examination was observed in 27
cases (40.9%) of SAFT. The dependence of the presence
of an inflammatory infiltrate on the degree of neoplasia
differentiation is shown in table.

Table — Presence of inflammatory infiltrate in
SAFT depending on the degree of neoplasia
differentiation

The number of cases of SAFT with
the presence of an inflammatory
tumor microenvironment

The grade of
differentiation of SAFT

Gl 2
G2 7
G3 18

That is, the presence of an inflammatory infiltrate in
the inter — and intratumoral zones of the tumor micro-
environment prevails in poorly differentiated neoplasms
(p<0.05). Therefore, the assumption that the accumula-

) . tion of lymphocytes in tumor
tissue is necessarily a favorable
condition may not be true.

The cellular component
of the microenvironment of
SAFT is mainly represented by
B-lymphocytes, which were
* located diffusely and have dif-

. ferent density of distribution in

# the tumor stroma and tumor
complexes and is from 30 to
80% of all cells (fig. 1).

When studying the number
of T-lymphocytes, it was found
that their number is from 10 to
50% of the total number of cells
in the microenvironment. The
expression of CD3* manifested
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in the form of brown staining !'{"S.-
of T-lymphocyte membranes of '-'-"."q_r_' .
varying intensity in the inter — B«

and intratumoral zones of the
microenvironment with the &
predominant localization in the ;
zones of SAFT invasion and the 2>
location of these cells mainly %
near the glandular component FE&E
of the tumor (fig. 2). B

Statistical processing of the
results revealed a negative cor-
relation between the level of B {4
— and T-lymphocytes (r= -0.85, H&%%
p<0.001). It was found that a [t
decrease in the level of T-cell
infiltration in the tumor tis-
sue has a certain relationship
with regional metastasis in the
lymph nodes (t=9.68, p<0.001).

Macrophages (CD68*-pos-
itive cells) were located in the §
form of infiltrates of varying 5
severity with a predominant f
distribution at the periphery of '
SAFT (fig. 3). Additionally, the 3
number of CD68* cells slightly &ie¥
decreased as the distance from [
the tumor increased. At the ing&
same time, the number of mac- "%
rophages ranged from 1 to 20% ¥
of the total number of microen-
vironment cells. The increased
density of CD68* cells in tumor
tissue was significantly high-
er in the group of patients
with PFTC with metastases in regional lymph nodes
(t=8.85, p<0.001). According to our results, a low level of
CD3*-T-lymphocytes is associated with an increase in the
level of CD79a*-B-lymphocytes and CD68*-macrophages
and indicates an unfavorable course of the disease.

Detection of neutrophil and eosinophil granulo-
cytes in the tumor microenvironment was carried out
by studying the expression of myeloperoxidase (MPO).
The expression of MPO manifested in the form of brown
cytoplasmic staining of 1-8% of microenvironment cells,
which were located individually or in small groups be-
tween the cells of the immune inflammatory infiltrate.
A positive correlation was found between the presence
of T-lymphocytes (r=0.4, p<0.05) and granulocytes, as
well as a negative correlation between the presence of
B-lymphocytes (r= -0.55, p<0.01), macrophages (r=0.5,
p<0.001) and the presence of granulocytes in the tumor
microenvironment.

When studying the relationship between ER and
PR expression and the presence of an inflammatory
immune infiltrate in the tumor tissue, a moderate neg-
ative correlation was found between the presence of
T-lymphocytes in the tumor microenvironment and ER
(r=-0.48, p<0.001) and PR (r=-0.43, p<0.001). A nega-
tive relationship of moderate strength was also found
between the presence of B-lymphocytes, ER (r= -0.56,
p<0.001) and PR (r=-0.50, p<0.001). Considering the fact
that SAFT in the vast majority of cases (83.3%) is a hor-
mone-dependent tumor, it becomes clear that the pres-

i _I"‘-.‘I‘::r ﬁ‘}

Figure 3 — SAFT of low differentiation: 1, 2 — IHC study of CD68 receptors in tumor tissue. Maghnifica-
tion: x100. Designation: A — cancer cells; B — diffusely located CD68+-cells (macrophages).

ence of an inflammatory immune microenvironment in
cancer tissue reduces the level of receptor expression
for steroid hormones.

When evaluating the expression of other prognos-
tically important receptors (Ki-67, p53, VEGF) and the
presence of an inflammatory infiltrate in SAFT, a cor-
relation was found between the presence of T — and
B-lymphocytes in the tumor microenvironment and
Ki-67 expression (r=0.28, p<0.05 and r=0.27, p<0.05 re-
spectively). A correlation of moderate strength was also
found between the presence of T-lymphocytes (r=0.47,
p<0.001), B-lymphocytes (r=0.58, p<0.001) and p53 ex-
pression in the tumor infiltrate. No statistically signif-
icant correlation was found between the presence of
T-lymphocytes, B-lymphocytes, and macrophages in the
tumor microenvironment and VEGF expression (p>0.05).

Conclusions.

The presence of an immune infiltrate in the tumor
microenvironment is predominanatly localized in poor-
ly differentiated neoplasms (66.7%). Its qualitative and
guantitative composition is associated with a decrease
in receptor expression for steroid hormones in the
tumor tissue (p<0.001) and positively correlates with
the intensification of Ki-67 (p<0.05) and p53 (p<0.001)
expression. A decrease in the number of T-lymphocytes
in the tissue of primary fallopian tube cancer and a sig-
nificant infiltration of tumors by macrophages is associ-
ated with the promotion of regional metastasis in the
lymph nodes and may be an indicator of an unfavorable
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prognosis of neoplasms. That is why the study of the Prospects for further research.

tumor microenvironment of serous adenocarcinoma of To investigate the relationship between the immune

fallopian tubes can be used as a prognostic marker of microenvironment of uterine tube cancer and the level

the course of malignant tumors. of expression of sex hormones in the epithelium.
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BM/INB IMYHHOIO MIKPOOTOYEHHA HA MEPEBIT TA NMPOrPECYBAHHA MEPBUHHOIO PAKY MATKOBUX
TPYB

MpsaseHKo H. I., Cymuos A. I., Cikopa K.O., JiungiHa 0. M., LLampaii A. B., iIuHgin M. C., PomaHiok A. M.

Pestome. Cepes, pi3HMX BUMNAAKIB 3M0AKICHUX YTBOPEHb PaK MAaTKOBMX TPYD € HaCKNaAHILWMM A5 AiarHOCTUKK
Ta NikyBaHHA. KNiTMHHE cepefoBuLLEe MAE 3HAYHMN BMIUB Ha KUTTEAIANBHICTb PAKOBUX KNITUH i Bifirpae Kao4yosy
ponb y ix yHKLiOHYBaHHI. 1A OLIHKM NPOrHOCTUYHOIO 3HAYEHHA IMYHHOTO iHINBTPATY Y MYXMHI BaXK/IMBO BPaxo-
BYBATU AK IHTEHCMBHICTb MOr0 NPUCYTHOCTI, TaK i CKAaA, KNiTUH, WO MOro YTBOPHOOTb.

Mema 0ocnidreHHA: NPOBECTM OLLHKY AKICHOTO CKAaAy iMyHHOrO cepefoBMLLA B TKAHMHI MEPBMHHOIO Cepos-
HOro paKy MaTKoBux Tpyo.

06’ekm i memoOou. JocnigxeHHa 6yno 34ilicCHeHO Ha 66 3pa3Kax MNyXJMHHOI TKAHWUHM MaTKoBMX Tpyb. [ns aHa-
Ni3y BUKOPUCTOBYBANCA MONeKynapHo-6ionoriyHi mapkepu: Ki-67, p53, VEGF, ER, PR, CD3, CD79a, CD68 Ta mieno-
nepokcnagasa (MPO). OuiHKy monekynapHO-6i0N0riYHUX MapKepiB NPOBOAMAM BiANOBIAHO A0 3ara/ibHONPUIAHATUAX
METOAMK Ta NPOTOKO/Y BUPOOHMKA.

Pe3yabmamu. byna BuaBneHa NPUCYTHICTb NYXJIMHHOTO 3anasnbHoro iHdinbTpaty y 40,9% NaLieHTiB 3 nepBUHHUM
CEePO3HUM pakom MaTKoBUX TPy6. MpUCYTHICTb Ta iIHTEHCMBHICTb iHGINBTPALT 3aneXann Bif CTyneHA aTmnii pakoBMX
KNiTUH (p<0,05). KNITUHHUI CKNag MiIKPOOTOUYEHHA NYyX/JWHU CKNALaBCA NepeBarkHO 3 B-nimdbouuTie. 3meHWweHHsA
piBHA T-KAITUHHOT iHPINBTPALiT B NYX/IMHHIN TKAHWHI Mano NeBHWI 3B’A30K 3 MeTacTasyBaHHAM Y NiMbaTUYHI BY3K
(p<0,001). MpucyTHiCTb MaKkpodariB y NyXAMHHIA TKaHMHI Byna 3Ha4YHO BULLOKD B rpyni NaLEHTIB 3 MeTacTa3amu
B perioHapHux nimdaTtnyHmx Bysnax (p<0,001). byB BCTaHOBNEHWUIA NOMIPHUIA HEraTUBHUIA KOPENALiMHNI 3B’A30K
MiX npucyTHicTio T-nimdoumTis Ta ER (r=-0,48, p<0,001) i PR (r=-0,43, p<0,001). TakoK 6yB BUABNEHUIN HEFATUBHUIA
3B’A30K MOMIPHOI CUAM MiXK NpucyTHicTio B-nimdoumTis, ER (r=-0,56, p<0,001) Ta PR (r=-0,50, p<0,001). BctaHOB-
JIEHO KOpenauinHniA 38’A30K MixK npucyTHicTio T — i B-nimbouunTiB B NyxIMHHOMY cepefoBuLLi Ta ekcnpecieto Ki-67
(r=0,28, p<0,05 Ta r=0,27, p<0,05 BianoBiaHO). TakoK 6yB BCTAHOBNEHUI KOPENALIMHWNI 3B’A30K NOMIPHOT CUAN MiXK
npucyTtHictio T—i B-nimbouunTis B nyxnnHHomy iHdinbTpaTi (r=0,47, p<0,001), a Tako ekcnpecieto p53. CTaTUCTUYHO
3HaYyLWoro 3B’A3Ky MiX npucyTHicTio T — i B-nimdoumTis, makpodaris y NnyxIMHHOMY cepefioBULLi Ta eKCrpecieto
VEGF He BussneHo (p>0,05).

BucHoeKu. NMpUCYTHICTb 3aMafbHOro NyX/JIMHHOTO CepefoBULLA NEPEBAKHO CNOCTEPIraeTbCA ¥ HU3bKoANdepeH-
LiioBaHUX Heonnasiax (66,7%) i ii AKICHWI Ta KiNbKICHWIA cKNag, NOB’A3aHMI i3 3HMXKEHHAM eKcnpecii peLenTopis
CTepoiAHUX TOPMOHIB Yy MYX/JMHHIN TKaHUHI (p<0,001) Ta Kopentoe 3 ekcnpecieto Ki-67 (p<0,05) Ta p53 (p<0,001).
3HuKeHHA piBHA CD3+-T-nimboumnTiB Y TKAHWHI NEPBUHHOIO PaKy MaTKOBMX TPy6 Ta 3HaYHa iHGINBTPALLA NyXAUHK
CD68+ makpodaramu nos’a3aHi 3 perioHaIbHUM MeTacTasyBaHHAM i € IHAMKATOPOM HECNPUATANBOTO NPOrHO3Yy.

Kno4oBi cnoBa: iMyHHE MiKPOOTOUYEHHS, iIMyHHWUI iHINLTPAT NYX/IMHKU, PaK MAaTKOBUX TPYD, 3anasibHe MiKpoo-
TOYEHHA NYXANHW, CEPO3HA KapLMHOMa MATKOBUX Tpy6.
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INFLUENCE OF THE IMMUNE MICROENVIRONMENT ON THE COURSE AND PROGRESSION OF PRIMARY
FALLOPIAN TUBE CANCER

Hyriavenko N. I., Sumtsov D. G., Sikora K. O., Lyndina Y. S., Shamrai A. V., Lyndin M. S., Romaniuk A. M.

Abstract. Among various cases of malignant formations, primary fallopian tube cancer stands out as the most
challenging in terms of diagnosis and treatment. The cellular environment significantly influences the viability of
cancer cells and plays a pivotal role in their functioning. To assess the prognostic significance of tumor immune infil-
trate, it is crucial to consider not only its intensity but also the composition of the cells forming it.

Objective: to conduct an evaluation of the qualitative composition of the immune microenvironment in the tis-
sue of primary serous fallopian tube cancer.

Object and methods. The study was conducted on 66 samples of tumor tissue from the fallopian tubes. Molecu-
lar-biological markers used for analysis included Ki-67, p53, VEGF, ER, PR, CD3, CD79a, CD68, and myeloperoxidase
(MPO). The evaluation of molecular-biological markers was carried out according to generally accepted methodolo-
gies and the manufacturer’s protocol.

Results. The presence of tumor-associated inflammatory infiltrate was detected in 40.9% of patients with pri-
mary serous fallopian tube cancer. The presence and intensity of infiltration depended on the degree of atypia of
cancer cells (p<0.05). The cellular composition of the tumor microenvironment consisted predominantly of B-lym-
phocytes. Decreased levels of T-cell infiltration in tumor tissue were somewhat correlated with lymph node me-
tastasis (p<0.001). The presence of macrophages in tumor tissue was significantly higher in the group of patients
with metastases in regional lymph nodes (p<0.001). A moderate negative correlation was established between the
presence of T-lymphocytes and ER (r=-0.48, p<0.001) and PR (r=-0.43, p<0.001). A negative correlation of moderate
strength was also found between the presence of B-lymphocytes, ER (r=-0.56, p<0.001), and PR (r=-0.50, p<0.001).
A correlation was established between the presence of T—and B-lymphocytes in the tumor microenvironment and
the expression of Ki-67 (r=0.28, p<0.05 and r=0.27, p<0.05, respectively). A moderate correlation was also found
between the presence of T —and B-lymphocytes in the tumor infiltrate (r=0.47, p<0.001) and the expression of p53.
No statistically significant association was found between the presence of T — and B-lymphocytes, macrophages in
the tumor microenvironment, and VEGF expression (p>0.05).

Conclusions. The presence of an inflammatory tumor microenvironment is predominantly observed in poorly
differentiated neoplasms (66.7%), and its qualitative and quantitative composition is associated with a decrease in
the expression of steroid hormone receptors in tumor tissue (p<0.001) and correlates with Ki-67 expression (p<0.05)
and p53 (p<0.001) expression. A decrease in the level of CD3+ T-lymphocytes in the tissue of primary fallopian tube
cancer and significant infiltration of the tumor by CD68+ macrophages are associated with regional metastasis and
are indicators of an unfavorable prognosis.

Key words. immune microenvironment, tumor immune infiltrate, fallopian tube cancer, inflammatory tumor
microenvironment, serous fallopian tube carcinoma.
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