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ABSTRACT

The aim of the study was to characterize the features of the subpopulation composition and cytokine-secretory
activity of T lymphocytes (Th1, Th17 and Treg) in relation to the concentration of galectin-1 and galectin-3 in the
blood of patients with colon cancer.

Materials and methods. A total of 26 patients diagnosed with colon cancer were examined. The study material
included whole peripheral blood, blood plasma, and supernatants of suspension cultures of mononuclear leuko-
cytes. Lymphocytes isolated from blood were typed by flow cytometry using monoclonal antibodies. The content
of galectin-1 and galectin-3 (in blood plasma) and IFNy, IL-17A, and TGFp (in supernatants of mononuclear
leukocyte culture in vitro) were determined by enzyme-linked immunosorbent assay. The results obtained were
analyzed by statistical methods.

Results. In patients with colon cancer, a significant increase in the concentration of galectin-1 and galectin-3 in the
blood plasma was found, which was associated with a decrease in the content of CD4+T-bet+ Thl lymphocytes,
CD4+RORC2+ Th17 lymphocytes in the blood and in vitro hyposecretion of IL-17. At the same time, positive
correlations were revealed between the concentration of galectin-1 and galectin-3, the content of CD4+FoxP3+
Treg cells in the blood, and the secretion of TGFf by mononuclear leukocytes in vitro.

Conclusion. In colon cancer, increased levels of galectin-1 and galectin-3 in the blood are associated with quantitative
deficiency and inhibited secretory activity of effector T-lymphocytes and activation of the immunosuppressive
functions of regulatory T cells. These results suggest a negative role of galectin 1 and galectin 3 in the mechanisms
of regulation of the T cell immune response in colon cancer.
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Posb raZIeKTuHa-1, -3 B MEXaHM3Max gucperyaiaumm T-KNeTOYHOro 3BeHa

MMMYHHOIo OTBE€Ta NpU pake TO/1ICTOro KULLMEe4YHUKa

Monetuka B.C.', Kono6oBHukoBa 10.B.", Ypasosa O.W." 3, BacunbeBa O.A.",
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PE3IOME

Henan uccienoBaHus — 0XapaKTEpPU30BaTh OCOOCHHOCTH CYONOIYIAIMOHHOIO COCTaBa U IIMTOKUH-CEKPETOPHOIT
aktuBHOCTH T-mMdonnTos (Thl, Th17 u Treg) Bo B3aUMOCBS3M ¢ KOHILIEHTpalnel raleKTHHa- 1 1 rajJekTHHa-3 B
KPOBH Y OOJIBHBIX PAKOM TOJICTOTO KHIIEYHHUKA.

MarepuaJjsl u Metoabl. O0cienoBans! 26 nanueHToB (14 MysxunH 1 12 sxeHImuH, cpeqauii Bo3pact (62,9 + 6,7)
JIeT) ¢ AMArHO30M paKa TOJICTOTO KHIIEUHHKa. B rpymmy xoHTposs Bonumu 17 370poBEIX JOHOPOB (11 MyX4HH H
6 >xeHIUH, cpeqHuit Bo3pact (58,2 + 3,1) ser). Matepuanaom HCCIeOBaHUS CITy>KHJIa LelbHAs IepudeprdecKas
KpOBb, IIa3Ma KPOBU U CYIIEPHATAHThI CyCIIEH3UOHHOH KyIbTyphl MOHOHYKJICAPHBIX JICHKOIUTOB. BoleneHHbIC
U3 KPOBH JMMQOIUTH THIHPOBAIM METOJOM IPOTOYHOH Ja3epHOH IHUTO(IYOPHMETPUH C HCIIOIH30BaHUEM
MOHOKJIOHQJIBHBIX aHTHTEN. MeToI0oM MMMYHO(EpMEHTHOTO aHalW3a ONpENCNSUIN COAep)KaHWe TajeKTHHa-1
n ranextuHa-3 (B miasme kposu) u IFNy, IL-17A u TGFf (B cymepHaTaHTaXx KyJIBTyphl MOHOHYKJIEAPHBIX
JIEWKOILUTOB in vitro). [loydeHHbIe pe3yIbTaThl aHATM3UPOBAIN CTATUCTHIECKIMU METOIaMHU.

Pe3yabTarbl. YV GOJIBHBIX PAaKOM TOJICTOrO KHIIEYHHKA YCTAHOBJIEHO 3HAYMMOE YBEIMYCHHE KOHLEHTPALUH
TaJleKTHHA-1 W rajJekTHHa-3 B IJIa3Me KPOBH, aCCOLMHPOBAHHOE CO CHIDKeHHEM conepykanus CD4+T-bet+ Thl-
mumponutoB, CD4+RORC2+ Thl7-numdonutoB B kpoBH U rumocekpeuuneit 1L-17 mumdoruramu in vitro.
HamnpoTHB, BbISBICHA MOJIOKUTENbHAS KOPPEIALMSA MEXIy KOHLEHTpaluel rajaekTuHoB 1 m 3, comeprkaHHeM
CD4+FoxP3+Treg knetok B kpoBu U cexperieid TGF MoHOHYKIIeapHBIME JIEHKOLIUTAMH i1 Vitro.

3akiroueHue. [Ipy pake TOJCTOro KMIIEUHHMKA IOBBIMICHHBIH YPOBEHb TAICKTHHOB 1 M 3 B KPOBH COIPSDKEH C
KOJIMYECTBEHHBIM AC(HIUTOM M YTHETCHHEM CEKPETOPHOW akTHBHOCTH 3ddexTopHbix T-numdonuros, u, Ha-
IPOTHB, aKTHBAlMeH HMMMYHOCYIPECCOPHBIX (GYHKUUH peryisrtopHbsix T-kierok. [lodyueHHBIE pe3yibTaThl
YKa3bIBAIOT Ha HETATHUBHYIO POJIb TalleKTHHA-1 W TrajekTHHa-3 B MEXaHW3Max Peryysiuu T-KIeTOYHOro 3BeHa
MMMYHHOTO OTBETA IIPH PaKe TOJCTOTO KHIICYHUKA.

Kiouessble cioBa: ranexktunsl, T-mumponutsl, Thl7, Treg, THTOKUHBI, IMMYHOCYIIPECCHS, PAaK TOJCTOTO KH-
MICYHHKA.

KOHq).]Il/lKT HHTEPECOB. ABTOpI)I JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq)III/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J’IPIKaIIPIeI71 HaCTOSIH.[eﬁ CTaTbHu.

Hcrounuxk punancupoBanus. VcciaenoBanue BBHIIONHEHO MpH GUHAHCOBOW monuepskke CoBeTa 1Mo rpaHTam
[pesunenta Poccuiickoit @enepannu A TOCYIapCTBEHHON MOAAEPKKH MOJOABIX pOCCHICKHX y4deHbIX (M/I-
2788.2019.7).

CooTBeTcTBMEe NPHHLOMIAM 3THKU. Bce nuia, BKIIOYEHHBIC B HCCIEIOBAHUE, IMOANHMCAIM INHCHbMEHHOE
nHbopMuUpoBaHHOE coriacue. McciaenoBanue 0100peHO JTOKaIbHBIM 3THUeCKUM KoMuTeToM CHOI' MY (mpoTokon
Ne 5309 ot 22.05.2017).
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INTRODUCTION

Dysregulation of the antitumor immune response
plays a pivotal role in the pathogenesis of malignancies
and is typically represented by an imbalance of effector
and regulatory T cells [1-3]. Throughout tumor progres-
sion, cancer cells obtain a variety of mechanisms that
allow them to “program” their microenvironment and in-
duce immunosuppression [4]. One of such mechanisms
is tumor-associated production of galectins, galacto-
side-binding proteins with a wide spectrum of extra- and
intracellular functions. [5, 6]. Among the galectin fa-
mily, galectin-1 and galectin-3 were involved in the key
stages of the tumor development, including malignant
transformation, neoangiogenesis, invasion, metastasis,
and modulation of the immune microenvironment [7, 8].

A number of in vitro studies have demonstrated that
galectin-1 and galectin-3 are able to influence cell-me-
diated immune response by regulating differentiation
and survival of type 1 and type 17 effector T-helper (Th)
lymphocytes, as well as regulatory T-cells (Treg) with
immunosuppressive phenotype [9—12]. Galectin-1 and
galectin-3 expression by malignant cells and elements of
the tumor microenvironment is considered to be one of
the strategies to suppress antitumor immunity wielded
by cancer cells [13, 14]. However, the features of the im-
munotropic effects of these galectins in tumor diseases
remain understudied.

The aim of the study was to investigate the char-
acteristics of subpopulation constitution and cytokine-
secretory activity of blood T-lymphocytes (Thl, Thl7,
and Treg) in connection with the plasma concentration of
galectin-1 and galectin-3 in patients with colon cancer.

MATERIALS AND METHODS

The study was carried out in the laboratory of clini-
cal and experimental pathophysiology in the Pathophy-
siology Department, Siberian State Medical University
(head — O.I. Urazova, Dr. Si. (Med.), Professor, Corre-
sponding member of the RAS), and the Pathoanatomical
Department of Tomsk Regional Oncological Dispen-
sary (TROD) (head — L.L. Purlik, Dr. Si. (Med.)). The
study included 26 patients diagnosed with colon cancer
(14 men and 12 women, average age was 62.9 + 6.7
years), who underwent treatment in the TROD (acting
chief physician — M.Yu. Grishenko). The control group
included 17 healthy donors consisting of 11 men and 6
women (average age was 58.2 + 3.1 years). The criteria

for exclusion of patients from the study were preopera-
tive therapy, other malignancies, exacerbation of chronic
diseases of an allergic, autoimmune, and infectious na-
ture, and refusal to participate in the study. All patients
were examined and operated on before the start of speci-
fic radiation and drug therapy.

The study material included whole peripheral blood
collected from the median cubital vein on an empty
stomach, blood plasma, as well as supernatants of the
suspension cultures of mononuclear leukocytes. Isola-
tion of mononuclear leukocytes from the whole blood
was performed in the Ficoll-Paque density gradient cen-
trifugation medium (p = 1,077 g/ml). The cultivation of
mononuclear leukocytes was carried out in a complete
nutrient medium RPMI-1640 in a CO2 incubator in a gas
mixture containing 5% carbon dioxide at a temperature
of 37 degrees Celsius for 48 hours. Measurement of the
concentration of interferon (IFN) vy, transforming growth
factor (TGF) B1, interleukin (IL) 17 in the supernatants
of culture suspensions of mononuclear leukocytes, as
well as levels of galectin-1 and galectin-3 in blood plas-
ma was performed by enzyme-linked immunosorbent
assay (ELISA) according to the manufacturer’s instruc-
tions (BosterBio, USA; Vector-Best, Russia). Optical
density was recorded on a Multiscan EX photometer-
analyzer (Finland) at a wavelength of 450 nm.

To evaluate the content of CD4+T-bet+ (Thl),
CD4+RORC2+ (Th17), and CD4+FoxP3+ (Treg) lym-
phocytes in the peripheral blood, expression of the sur-
face receptor CD4 and intracellular transcription factors
T-bet, RORC2, and FoxP3 in the whole blood was as-
sessed by flow cytometry using monoclonal antibodies
(PerCP-Cy5.5, Alexa Fluor 488, PE, APC; BD Biosci-
ences, USA; RnD Systems, USA). Red blood cell lysis
was performed using a BD Pharm Lyse lysing solution
(BD Biosciences, USA). For fixation and permeabiliza-
tion of cells for intranuclear staining, the Human FoxP3
Buffer Set (BD Biosciences, USA) was used. The stain
Buffer (BD Biosciences, USA) was utilized to wash and
resuspend cells.

Statistical processing of the results was carried out
using Statistica 12.0 for Windows (StatSoft Inc., USA).
Quantitative traits in the comparison groups were rep-
resented as the median (Me), upper (Q,) and lower (Q,)
quartiles. The significance of differences in independent
samples was evaluated with the nonparametric Mann—
Whitney U-test. Correlation analysis was carried out us-
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ing the Spearman rank correlation test. Differences were
considered significant at p < 0.05.

RESULTS AND DICUSSION

The imbalance of the galectin expression in the tumor
tissue and their concentration in the peripheral blood is
characteristic of many malignant neoplasms and often
correlates with the degree of tumor progression [15-17].
According to the literature, a high plasma level of galec-
tin-1 in patients with colorectal cancer is associated with
high aggressiveness of the tumor, advanced stages of the
tumor process, and poor prognosis [18]. Some authors
have noted a positive correlation of the level of galec-
tin-3 expression by tumor cells with the stage of the dis-
ease and the presence of metastases [19, 20], while other
authors, on the contrary, have reported a decrease in the
expression of galectin-3 at the later stages of the tumor
process [21, 22].

According to the results of ELISA, we found a sig-
nificant increase in the concentration of galectin-1 and
galectin-3 in blood plasma in patients with colon cancer
compared with the corresponding values in healthy do-
nors (Table 1).

Table 1

The content of galectin-1 and galectin-3 (ng/ml) in blood
plasma in patients with colon cancer, Me (Q —0.)

Parameter Patients with colon Healthy donors
cancer
. 16.17 (15.31-17.10)
Galectin-1 »=0.0031 13.74 (12.23-14.79)
. 3.28 (2.30-5.71)
Galectin-3 »=0.0055 1.56 (1.19-2.17)

Note. Level of significance of differences compared with
corresponding indicators in healthy donors — p (here and Table 2,3).

High plasma levels of galectin-1 and glectin-3 are
apparently the result of their over-expression by tumor
cells and elements of the tumor microenvironment,
which could in turn initiate an imbalance of individual
subpopulations of T-lymphocytes in the development of
antitumor immunity in colon cancer.

The key cells of antitumor resistance are CD4+ Thl
lymphocytes, which, via IFNy secretion, activate cy-
totoxic CD8+ cells and stimulate the presentation of
tumor-associated antigens by macrophages [23, 24].
CD4+ Th17 lymphocytes producing the IL-17A cyto-
kine, on the one hand, increase the recruitment of cyto-
toxic lymphocytes and neutrophils in the tumor site and,
on the other hand, induce tumor neoangiogenesis and
formation of metastases [25, 26]. Regulatory T lympho-
cytes, characterized by secretion of the immunosuppres-
sive cytokines IL-10 and TGFp, are capable of inhibiting
the antitumor immune response [27, 2].

An assessment of the subpopulation composition of
peripheral blood T-lymphocytes in patients with colon
cancer revealed a significant decrease in the relative
content of CD4+T-bet+ Thl- and CD4+RORC2+ Th17
lymphocytes in comparison with corresponding param-
eters in healthy donors (Table 2). The percentage of
CD4+FoxP+ Treg lymphocytes in blood, in contrast, ex-
ceeded the corresponding indicator in the control group
(Table 2).

Table 2
Relative content of peripheral blood Th1l, Th17, and Treg

lymphocytes (% from the total lymphocytes population) in
patients with colon cancer, Me (0 -0.)

Patients with

Parameter
colon cancer

Healthy donors

0.82 (0.24-0.94)

+ T
Thl (CD4+ T-bet+) = 00454

1.24 (0.48-2.43)

1.44 (0.19-2.13)

Th17 (CD4+ RORC2+) = 0.0051

3.51 (1.56-4.79)

1.19 (0.8-1.48)

Treg (CD4+ FoxP3+) p=00114

0.55 (0.23-1.20)

The effect of galectin-1 and galectin-3 on individu-
al subpopulations of helper T lymphocytes could be re-
lated to the heterogeneity of surface glycans, which are
responsible for the binding of individual galectins, as
well as the expression of cell surface glycoproteins that
mediate lectin resistance [28, 29]. It is worth noting that
galectin-1 and galectin-3 are able to exert a modulating
effect not only on the proliferation and apoptosis of in-
dividual subpopulations of T-lymphocytes, but also on
their cytokine-secretory activity.

According to our results, patients with colon cancer
display a significant decrease in basal secretion of IL-
17 by blood lymphocytes in vitro compared to healthy
donors (Table 3). In vitro secretion of TGFB1 by blood
lymphocytes in the examined patients, in contrast, was
1.3 times higher than that in the control group. As for
IFNy, we did not find a significant difference in its basal
secretion in patients with colon cancer relative to control
values (Table 3).

Table 3

Secretion of cytokines in an in vitro culture of mononuclear
leukocytes (pg/ml) in patients with colon cancer, Me (0,-0))

Parameter Patients with colon cancer Healthy donors
IFNy 1.286 (0.100-3.571) 1.429 (0.100-2.857)
0.116 (0.100-0.425)
IL-17 »=0.0058 0.657 (0.108-0.889)
835.8 (534.3-1,949.0)
TGFp1 = 0.0484 628.6 (471.4-777.2)
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To identify the relationship between the concen-
tration of galectin-1 and galectin-3 in plasma and
the identified structural and functional imbalance of
CD4+ T lymphocytes, a correlation analysis was per-
formed. In patients with colon cancer, negative correla-
tions between the plasma concentration of galectin-1 and
the relative content of CD4+T-bet+ Thl lymphocytes
(r =-0.56, p = 0.0353), CD4+RORC2+ Th17 lympho-
cytes (r =-0.59, p = 0.0334) and in vitro secretion of IL-
17 (r=-0.63, p = 0.0013) were found. At the same time,
a positive correlation was found between the plasma le-
vel of galectin-1 and the content of CD4+FoxP3+ Treg
cells (r=0.55, p =0.0346) and basal secretion of TGFf1
(r=0.48, p=0.0198). Similar results were obtained in an
experimental in vitro study conducted by O.A.Vasilie-
va et al. (2015). Using the lymphocytes from healthy
donors, the authors demonstrated the negative effect of
recombinant galectin-1 on Th1- and Th17-mediated im-
mune reactions with concomitant increase in Treg lym-
phocytes [28]. In turn, F. Cedeno-Laurent et al. (2012)
demonstrated the ability of galectin-1, produced by ma-
lignant blood T-lymphocytes, to induce apoptosis of Th1
cells and, as a result, shift the Th1/Th2 balance towards
Th2-dependent immune reactions and lower the effec-
tiveness of antitumor resistance mechanisms in patients
with skin T cell lymphoma [10].

According to in vitro studies, galectin-3 exerts
dose-dependent stimulating effect on the differentiation
and functional activity of Th17 lymphocytes, while in-
hibiting maturation and functions of Thl and Treg cells
[30]. This thesis is partially consistent with the results
of our study, which established a negative correlation
between the concentration of galectin-3 and the relative
number of CD4+T-bet+ Th1 lymphocytes in the blood
(r =-0.81, p = 0.0004). At the same time, we found a
positive relationship between the plasma level of galec-
tin-3 and basal secretion of TGFB1 by peripheral blood
lymphocytes (» =0.70, p = 0.0001). The ability of galec-
tin-3 to participate in the regulation of TGFp1-associat-
ed signaling pathways was demonstrated by A.C. Mac-
Kinnon et al. (2012), who showed that specific inhibi-
tion of galectin-3 suppresses TGFp1-dependent activa-
tion of B-catenin in vitro and in vivo [31].

Taken together, the results of the present study indi-
cate the ability of galectin-1 and galectin-3 to modulate
the functional activity of effector and regulatory blood
T-lymphocytes in malignant neoplasms of the colon.

CONCLUSION

In patients with colon cancer, an increase in the con-
centration of galectin-1 and galectin-3 is associated with
an imbalance of subpopulations of helper T-lymphocytes
in the blood, inhibition of Thl- and Thl7-dependent

immune reactions, and activation of Treg lymphocytes
with immunosuppressive properties. Tumor-associated
production of galectin-1 and galectin-3 in colon cancer
may represent one of the mechanisms by which tumor
cells escape from immunological surveillance. The
above said indicates the negative role of galectin-1 and
galectin-3 in the mechanisms of regulation of the T cell
immune response in colon cancer.

Further studies of the immunotropic effects of galec-
tin-1 and galectin-3 on individual subpopulations of T
lymphocytes will help to establish the relevance of these
lectins as prognostic markers and advocate for the mod-
ulation of their activity in colon cancer.
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