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Pesome. Bo BpeMs TeueHUs] XPOHUYECKUX BUPYCHBIX MHMEKIUI WX POCTA OITYXOJIU U3-3a TIOCTOSTHHOTO
MPUCYTCTBUS aHTUT€HA U BOCHAJIEHUS HACTyIMaeT IUCHYHKIIMOHATbHOE COCTOsIHME T-KIeTOK, Ha3blBaMoe
uctolieHueM (exhaustion). K ¢pakTopam, CBSI3aHHBIM C UCTOLLIEHUEM T-KJIE€TOK, OTHOCST MOBbILLIEHNE IKC-
MPECCUM Pa3IMYHBIX UHTMOUTOPHBIX PELIENITOPOB, U3BECTHBIX Takke Kak checkpoint-MoyieKyJibl, KOTOpOe
MPUBOIUT K MOJABICHUIO MPpoandepaliuu U NpoayKIUU TakKux Mmeauatopos, Kak [L-2, [FNy u TNFa.

Peuentop TIM-3 mpencrapisieT co60ii UMMYHOPETYISITOPHBINA pelenTop, OTKpbIThid B 2002 ., KOTO-
pBIi SKCIIPECCUPYEeTCSd Ha pa3IWYHbIX UMMYHHBIX KJIE€TKaxX, BKJIOUas AEHAPUTHbIE KJIETKU, Makpodaru u
T-kyeTku, U omocpeayeT CynpecCUBHYIO aKTUBHOCTh HA UMMYHHBIX KJIE€TKaX. YCTOWUMBAas 9KCIpEeCcCcust pe-
uentopa PD1 Ha T-nuMdouuTax TakxKe acCouMupoBaHa ¢ GEHOTUIIOM UCTOLLEHUS, TIPU TOM OCTAETCS He-
SICHBIM, KaK 9KCIPECCUs TaHHbIX UHTUOUTOPHBIX PELETITOPOB B HOPME OTJIMYAETCS OT TAKOBOU B MaTOJIO-
TUYECKUX COCTOSIHUSIX OpTaHU3Ma, IJ11 KOTOPBIX XapaKTEePHO YBEJINYEHUS YMCia UCTOLIEHHbBIX T-KIeTOK.

Llenpio HACTOSIIETO UCCIENOBAHUS CTalO OIpeNesieHe OTHOCUTEIbHOTO U aOCOJIIOTHOTO KOJIMYeCTBa
T-knetok, akcrnpeccupytoiiux PD-1 u Tim-3, a takke konndectBa MoJiekya PD-1 u Tim-3 Ha moBepXHOCTU
CD4* u CD8*T-k1eToK y 310pOBBIX JIIOJIE U MALIMEHTOB ¢ pakKoM MoJiouHoI xkese3bl (PM2K). Ipynna nanu-
eHToB ¢ PM2K ObL1a ycJIOBHO pasaeieHa Ha ABe TPYINbl B 3aBUCUMOCTHU OT CTEINEHU Mporpeccuu 3adboseBa-
HUS HAa MALUEHTOB C MEPBUYHBIM (OTCYTCTBUE MeTacTa3) u nporpeccupyommnmMm PMXK (Hainune meTtacras).

B pesynbrate uccienoBaHUs TOKa3aHO, YTO Y OOJBbHBIX PAaKOM MOJIOYHOU Xeje3bl HabsrogaeTcs
yBeanueHue aodcostoTHoro kosmuectBa PD-1-mosutuBHbix CD4*T-kiieToK. AOCOJIOTHOE KOJUYECTBO
MOJIEKYJ Ha KJIETKY Takxke Bbllle y nmauueHToB ¢ PM2K mo cpaBHeHUIO CO 3010pOBbIMU JOoHOpamMu. st
OOJILHBIX TMOKa3aHa TEeHAEHLMsI K yBeJMyeHUuto adcomoTHoro koauvectBa TIM3-nosutuBHbix CD47T-
KJIETOK MO CPAaBHEHUIO CO 300POBBIMU TOHOPAMU U B PSIly OT MEPBUYHOTO 3a00J1€BaHUSI K TTPOTrPECCUPYIO-
memy PM2K.
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Takum o6pa3om, paznuuus B xapakTepe akcrnpeccuu checkpoint-momnexkyn TIM-3 u PD1 Habmonatorcs
MpY CPaBHEHUU HOPMBI U 3JI0KAYECTBEHHOM MAaTOJIOTMU MOJIOUHOM 3KeJIe3bl, 1 MOTYT CTaTh BaXKHBIM MapKe-
pOoM PYHKIMOHAIBHOIO COCTOSIHUS T-uM@ouuToB y 60abHbIX PM2K.

Knrouesvie cnosa: PD-1, TIM-3, pak monounoii sceneswl, peyenmopsi checkpoint-monexyn, ucmoujeruvie T-aumepoyumot,
KOAUYECMBEHHASL IKCNPECCUSL PEUenmopos

QUANTITATIVE EXPRESSION FEATURES OF PD-1 AND TIM-3
CHECKPOINT MOLECULE RECEPTORS ON CD4* AND CDS8*
T-CELLS IN BREAST CANCER OF VARYING PROGRESSION
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Abstract. During the course of chronic viral infections or tumor growth, due to the constant presence of
antigen and inflammation, a dysfunctional state of T-cells called exhaustion occurs. Factors associated with
T-cell exhaustion include an increase in the expression of various inhibitory receptors, also known as checkpoint
molecules, which leads to inhibition of the proliferation and production of mediators such as IL-2, IFNy, and
TNFa.

The TIM-3 molecule is expressed on a variety of immune cells, including dendritic cells, macrophages,
and T-cells, and mediates suppressive activity on immune cells. Sustained expression of the PD-1 receptor on
T-lymphocytes is also associated with the exhaustion phenotype, while it remains unclear how the expression
of these inhibitory receptors normally differs from that in pathological conditions of the body, which are
characterized by an increase in the number of exhausted T-cells.

The aim of the study was to determine the relative and absolute number of T-cells expressing PD-1 and
TIM-3, as well as the number of PD-1 and TIM-3 molecules on the surface of CD4* and CD8*T-cells in
healthy donors and breast cancer (BC) patients. Group of BC patients were conditionally divided into two
groups depending on the degree of disease progression into patients with primary (without metastases) and
metastatic BC.

As a result of the study, it was shown that an increase in the absolute number of PD-1*CD4*T-cells is observed
in breast cancer patients. The absolute number of molecules per cell is also higher in BC patients compared to
healthy donors. For patients, a tendency towards an increase in the absolute number of TIM-3"CD4*T-cells was
shown in comparison with healthy donors and in a row from primary disease to metastatic BC.

Thus, differences in the expression pattern of TIM-3 and PD-1 checkpoint molecules are observed when
comparing the norm and malignant pathology of the breast, and can become an important marker of the
functional state of T-lymphocytes in BC patients.

Keywords: PD-1, TIM-3, breast cancer, checkpoint molecule receptors, exhausted T-lymphocytes, quantitative expression of
receptors

Introduction

Currently, an important role in the development
of immune-mediated diseases, including malignant
neoplasms, is assigned to suppressor populations of
immunocompetent cells (Shou et al., 2016). There
are many mechanisms for malignant tumor genera-

ted and maintained immunosuppressive state. Thus,
a malignant neoplasm attracts as well as promotes
activation and differentiation of immunocompetent
cells with a regulatory — immunosuppressive phe-
notype in its microenvironment. In addition, tumor
cells express a variety of membrane-bound and soluble
molecules that alter the functional state of infiltrating
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immune cells to act as tumor-supporting cells (Ager
etal., 2021).

The TIM-3 receptor is an immunoregulatory re-
ceptor, discovered in 2002, that is expressed on a
variety of immune cells, including dendritic cells,
macrophages, and T-cells. TIM-3 mediates sup-
pressive activity on immune cells through its ligands,
including phosphatidylserine, CEACAM-1, and
galectin-9 ligand (Li et al., 2021). The signaling
triggered by it on cytotoxic T-cells leads to the
development of an exhaustion phenotype. The pro-
grammed cell death protein 1 (PD-1) is also expressed
on the surface of activated T-cells and regulates the
immune response at the effector stage. PD-1 plays an
important role in the balance of protective immunity
and immunopathology, homeostasis and tolerance;
however, in case of tumor growth, immunosuppression
becomes the main PD-1 activity. The effect that PD-1
and TIM-3 molecules have on cells depend on many
parameters, such as the level of soluble mediators,
the percentage of cells carrying receptors, the ratio
between the percentage and density subpopulations,
and intracellular proteins of the target cell. Currently,
close attention of both fundamental science and
clinical immunology have been paid to such an
important factor for the regulation of the biological
properties of immunoregulatory proteins such as the
expression density of surface receptors (Sennikov
et al., 2019). For an informative assessment of the
expression level, it is necessary to accurately count the
number of binding sites on the cell surface.

Thus, it can be assumed that impaired cell
functional activity resulting from increased expression
of PD-1 and TIM-3 may be associated not only with
increased number of positive cells, but also with the
number of cognate receptors on the cell surface, so
that if a certain level of receptors is exceeded, then cell
loses the ability to execute effector functions.

The aim of the study was to determine the relative
and absolute number of T-cells expressing PD-1 and
TIM-3, as well as the number of PD-1 and TIM-3
molecules on the surface of normal and breast cancer
CD4* and CD8*T-cells. Assessing the number of
PD-1 and TIM-3 molecules will help to determine
the threshold level of exhaustion for cell functional
properties and impairment of cytotoxic functions in
patients with breast cancer (BC).

Materials and methods

Donors and patients

Peripheral venous blood cells were collected from
25 patients with primary breast cancer, 15 patients with
metastatic breast cancer (presence of metastases),
as well as healthy women without clinically and
instrumentally diagnosed breast pathology (25 peop-
le). The study was conducted with the informed con-

sent of all healthy donors and patients. The study was
approved by the local ethics committee of RIFCI.

Venous blood from patients with primary breast
cancer (T 1-3 N 0-2 M 0) was collected before surgery
(radical mastectomy or radical breast resection) or
from patients with metastases before the course of
chemotherapy. Blood sampling from donors and
patients was carried out in vacuum tubes added
with anticoagulant EDTA (Improvacuter, China).
Peripheral blood mononuclear cells (PBMCs) were
isolated under sterile conditions using a Ficoll-
Urographin gradient (p = 1.077 g/1) using a standard
method.

Cell phenotyping and counting TIM-3 and PD-1
molecules

The phenotypic characteristics of T-lymphocytes
were assessed by flow cytometry on a FACSVerse
cytometer (BD, USA) using monoclonal antibodies
(Biolegend, USA): CD3-PerCP-Cy5. (clone OKT3,
Cat # 317336), CD4-PE-Cy7 (clone RPA-T4, Cat #
300512), CD8-FITC (clone RPA-T8, Cat # 301006),
TIM-3-PE (clone F38-2E2, Cat # 345006), PD-1-PE
(clone NAT105, Cat # 367404). A BD QuantiBRITE
PE kit (BD Biosciences, USA) was used to create a
calibration curve and convert the fluorescence inten-
sity values of cells expressing the corresponding
marker into absolute values of the receptor number,
containing 4 fractions of lyophilized beads, each of
which carries a different level of phycoerythrin.

The study of the expressed TIM-3 and PD-1 was
carried out with the same parameters of the voltage of
the photomultiplier tube according to the PE detector
as in the analysis of the calibration beads, which
allowed to convert the values of the fluorescence
intensity into the number of PE molecules per cell.
Further, the number of PE molecules per cell was
converted to the number of antibody molecules per cell
using the known ratio of PE molecules per antibody,
equal to 1:1. Cytometer settings were checked weekly
using Cytometer Setup and Tracking (CS&T) beads
(BD Biosciences, USA).

Statistical methods

Results are presented as median and interquartile
range. For statistical data processing, ANOVA and
Tukey’s test were used in GraphPadPrism 6 software.
Differences were considered significant at p < 0.05.
Correlations between the studied parameters were
established using the Spearman correlation coefficient
(at p <£0.05).

Results and discussion

Determining amount of PD-1- and TIM-3- positive
cells in peripheral blood

To determine the number of PD-1- and TIM-3*
cells, populations of CD4* and CD8*T-lymphocytes
were isolated from the CD3*T-lymphocyte popu-
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Figure 1. Relative number of PD-1*-cells in healthy donors
(n = 25), patients with primary breast cancer (n = 25), and
patients with metastatic breast cancer (n = 15)

Note. Data are presented as median and range of quartiles. Arrows
indicate statistically significant differences, p < 0.05.
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Figure 2. Absolute number of (A) PD-1- and (B) TIM-3*-cells
in healthy donors (n = 25) and patients with primary (n = 25)
and metastatic breast cancer (n = 15)

Note. As for Figure 1.

lation, in which the relative and absolute number of
target cells were determined. For the index of PD-1*
cells, significant differences were obtained between
the groups of CD8*T-lymphocytes from patients with
primary and metastatic breast cancer (Figure 1). For
TIM-3, no significant differences were found.

Assessing absolute number of cells expressing the
markers examined showed significant differences
between the groups of patients with primary and
metastatic breast cancer, respectively, in the number
of PD-1*CD8* T-cells, as well as differences between
the cells of healthy donors and patients in the number
of PD-1*CD4* T-cells (Figure 2A). For TIM-3*
cells, significant differences in the absolute number
of cells were found only for CD4*-cells: between the
groups of apparently healthy donors and patients with
metastatic breast cancer, as well as between groups of
patients with primary and metastatic breast cancer
(Figure 2B).
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Figure 3. (A) Total number of PD-1 molecules on the
surface of CD4 and CD8 T-cells and (B) the number of PD-1
molecules per 1 cell on the surface of CD4 and CD8 T-cells
in healthy donors (n = 25), patients with primary breast
cancer (n = 25) and patients with metastatic breast cancer
(n=15)

Note. As for Figure 1.
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Determining the number of PD-1 and TIM-3
molecules in peripheral blood T-cells

While studying the total number of molecules on
T-lymphocytes, it was shown that T-lymphocytes
from both healthy donors and breast cancer patients
carry approximately the same number of TIM-3 mo-
lecules, i.e. showing no significant differences. The
total number of PD-1 molecules on CD4" and CD8"
T-cells was increased in patients with metastatic
breast cancer compared with the other two groups
(Figure 3A).

In addition to the total number of molecules
expressed on the surface of total CD4* and CDS8”*
T-cells, we also calculated the parameter cor-
responding to the number of PD-1- and TIM-3
molecules per one cell for each population. With
regard to the PD-1 molecule, it was found that the
number of molecules in terms of the number of CD8*
T-cells in patients with metastatic breast cancer is
significantly lower than in healthy donors. At the
same time, the opposite trend is observed for CD4*-
cells from these two groups — the number of PD-1
per cell for CD4" T-cells in patients with advanced
cancer was significantly higher than that for CD4-
cells from healthy donors (Figure 3B). The number of
PD-1 molecules per cell in the group of patients with
primary breast cancer was significantly lower both
in CD4" and CD8" T-cells than that in the group of
patients with metastases.

To clarify the mutual influence of the studied sub-
populations, we carried out a correlation analysis for
each of the parameters. To calculate the correlations,
the Spearman coefficientand the p-level of significance
were used. The presence of a relationship between the
values was considered significant at p < 0.05, which
corresponded to Spearman’s coefficient from 0.4 to 1
(moderate and high tightness of the relationship).

In healthy donors, the maximum number of
correlations is determined between PD-1- and
TIM-3-positive CD4* T-cells (for parameters, the
absolute and relative number of cells, total number
of molecules on the cells) and PD-1- and TIM-3-
positive CD8* T-cells (for the parameters, the absolute
number of cells, the total number of molecules on
the cells, the number of molecules per cell), there
are also correlations between PD-1- and TIM-3 in
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