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ABSTRACT

Aim. To evaluate the relationships between plasma levels of galectin-1 and galectin-3 and the composition of
CD4* T-lymphocyte subpopulations (Thl, Th17, and Treg) in patients with colorectal cancer (CRC) and to
determine a direct in vitro modulatory effect of tumor-associated galectin-1 and galectin-3 on the expression of key
T-lymphocyte transcriptional factors (T-bet, RORC2, and Foxp3).

Materials and methods. The study included 26 patients with CRC and 17 healthy donors. Plasma concentrations
of galectin-1 and galectin-3 were measured by enzyme-linked immunosorbent assay. Lymphocyte subpopulations
were analyzed by flow cytometry. To assess the in vitro immunomodulatory effects of galectin-1 and galectin-3, a
Transwell co-culture model of the colon adenocarcinoma cell line COLO 201 and peripheral blood mononuclear
cells (PBMCs) from CRC patients was used, employing the selective galectin-1 inhibitor OTX008 and the galectin-3
inhibitor GB1107. The mRNA expression of target genes was evaluated by quantitative real-time polymerase chain
reaction.

Results. Patients with CRC exhibited a decreased proportion of circulating Thl and Th17 lymphocytes and an
increased frequency of Treg cells, which is most pronounced in advanced disease stages. Plasma levels of galectin-1
and galectin-3 were also elevated. Galectin-1 concentration correlated negatively with Thl and Th17 levels and
positively with Treg levels. In contrast, the galectin-3 level was inversely associated only with the Th1 lymphocyte
pool. Inhibition of galectin-1 and galectin-3 in the in vitro COLO 201/PBMC co-culture system induced increased
mRNA expression of T-bet and RORC2 and decreased expression of Foxp3.

Conclusion. High concentrations of galectin-1 and galectin-3 in the blood of CRC patients are associated with
systemic suppression of circulating CD4* T-lymphocytes. We demonstrated a direct in vitro modulatory effect of
tumor-associated galectin-1 and galectin-3 on the differentiation of CRC patients’ blood CD4* T-lymphocytes.
These findings support the prospective use of targeted blockade of galectin-1 and galectin-3 in combination with
existing immunotherapies for colorectal cancer.
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FanekTnH-1 N ranekTnH-3 Kak MOAYNATOpPbI cuCcTeMHoOro 6anaHca CD4+
T-num¢pounTOB NPV KONOpPEKTaJIbHOM pake
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PE3IOME

Hens. Onenka B3aMMOCBsI3eil MEX/[y YPOBHEM TraJeKTHHA-1 W rajekTHHA-3 B IUIa3Me KPOBH U CyOIOITy ISIIHOH-
HbIM coctaBoM CD4* T-mmdonutos (Thl, Th17 u Treg) y GombHBIX KonopekTansHBIM pakoM (KPP), a Taxxe
OIIPE/IeNICHHUE in Vitro TPSIMOTO MOJYJIUPYIOIIETO BIVSIHUS OITyXO0JIb-aCCOMMPOBAHHBIX TaJIEKTHHOB 1 1 3 Ha 9KC-
MPECCHUIO KITIOYEBBIX TPAHCKPHUIIMOHHEIX (akTopos (T-bet, RORC2, Foxp3) T-mumdonuros.

Marepuajbl 4 MeTOAbl. B nccnenoanue Bkirouensl 26 nanuenToB ¢ KPP u 17 3n0poBsix goHopos. Konmentpa-
LU0 TAJICKTHHOB | 1 3 B I1a3Me KPOBU OMPEAEISUIN € TIOMOIIBI0 MMMYHO(QEpPMEHTHOTo aHanu3a. CyOnomyssinuu
TMGOIMTOB aHATU3UPOBAIN METOJOM IIPOTOYHOH IUTO(IyopuMeTpur. [l OLCHKH in Vitro NMMYHOMOZRYITHPY-
FOLIETO JeHCTBHS TAEKTHHOB | 1 3 ncnonb3oBanu Moaenb Transwell-coKyTbTHBHPOBaHHS KICTOYHOM TMHUH a/1e-
HOKapIHHOMBI ToJicToi KumKd COLO 201 1 MOHOHYKJIEapHBIX JICHKOIUTOB KpoBH O0sibHBIX KPP ¢ mpuMmenennem
CEJIEKTUBHBIX HHTHOUTOpOB ranektiHa-1 (OTX008) u ranektuna-3 (GB1107). Dxcnpeccuto MPHK u3ydaembix
TEHOB OIEHUBAIN METOJIOM MOJIMMEPA3HOH LEHOH Peakuy B peaabHOM BPEMEHH.

Pe3yabTaThl. Y GonbHbIX KPP BbIsABIEHO CHIDKEHHE 10U LUPKyIupyomux B KpoBd Thl- u Thl7-mumdoruron
M yBenuueHue ypoBHs Treg-kiIeTok, HanOoee BHIPAKCHHBIX HA MO3HUX CTAIHAX 3a00JI€BaHUs, a TaKKe MOBbI-
IIEHNE COJICP)KaHUs TalleKTuHa-1 U ranexTuHa-3 B masMe KpoBH. KOHIEHTpalus rajgekTuHa-1 oTpHLATeNnbHO
KoppestpoBana ¢ conepxxkanueM Thl n Th17 u nonoxurensHo — ¢ noieit Treg, B To BpeMs Kak ypOBEHb I'aIeKTH-
Ha-3 ObUT 00paTHO B3anMOCBs3aH ¢ copepxanueM Thl-mumdornuros. MHrnbuposanue rajgekTuHa-1 v raieKTiHa-3
B in Vitro COBMECTHOH KyJIbType KJIETOK aleHOKapLUUHOMBI TosicToro kumeyHuka COLO 201 1 MOHOHYKJI€apHBIX
neiikorutoB 60npHBIX KPP nuaymposaso nossimenue sxcnpeccun MPHK T-bet 1 RORC2 u cHinkenue skcnpec-
cun Foxp3.

3aka0oyenne. Bricokne KOHIEHTpanuy rajgekTiHa-1 u rajgektuHa-3 B kpoBH OosbHEIX KPP acconumpoBans! ¢
CHCTEMHOH cymnpeccueil nupkyaupyronmx B kpou CD4* T-mumdonuros. [Tokazano npsiMoe in vitro MORyIHpYIo-
IIee BIMSHHUE OIyXOJb-aCCOLMUPOBAHHBIX TaeKTHHOB | u 3 Ha auddepenunpoky CD4* T-muMporuToB KpoBH
nanuenToB ¢ KPP. [Tomy4eHnble pe3yapTaTel 000CHOBBIBAIOT IEPCIIEKTHBEI TAPTETHOTO OJIOKMPOBAHUS TaJeKTH-
Ha-1 ¥ raNexTHHa-3 B KOMOMHAIMH C CYIIECTBYIOIIMMHI METOJaMH HMMYHOTEPAITHH KOJIOPEKTAIBHOTO paKa.

KiioueBble cjioBa: rajekTHHBL, T-TUMQOIUTHI, IMMYHOCYTIPECCHS, KOJIOPEKTAIBHBIH paK, AMMYHO(MEHOTHIT

KoHpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNneil HACTOSIIECH CTaThH.

Hcrounuk ¢punancupoBanus. VccnenoBanue BHIONMHEHO pu GrHAaHCOBOM moanepxke PHO (rpant Ne 25-25-
20109, https://rscf.ru/project/25-25-20109/) u rpanta B popMe cyOcuany, BeIAEIIEMOro AIMHHUCTpanuei Tom-
ckoit oonactu (Cornamenne Ne 02/3/2025, paGoTsl in vitro.

CooTBeTcTBHE NMPUHIONINIAM ITHKH. Bce manneHTs! noancany MHGOPMUPOBAHHOE COTJIacHe Ha y4acTHe B HC-
cienoBannu. MccnenoBanne ono6peno srndeckuM komureroM Cu6I' MY (mporokon Ne 8514/1 ot 21.12.2020).

Jns uurupoBanus: [Toneruka B.C., Peiiurapar I'.B., Kyprocenko A.B., Kono6osrukosa 10.B., Ypaszosa O.1.
lanexktuH-1 u ranekTHH-3 KaKk MOIYJATOPHI cucTteMHoro Oamanca CD4+ T-muM@pOIUTOB MPH KOIOPEKTATEHOM
paxe. bronremens cubupckoi meouyunst. 2025;24(4):78-86. https://doi.org/10.20538/1682-0363-2025-4-78-86.
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INTRODUCTION

Colorectal cancer (CRC) remains one of the most
socially sensitive oncological diseases [1]. Despite
active development of modern anti-tumor therapies,
including immune checkpoint inhibitors and other
immunotherapeutic drugs, their clinical efficacy in
CRC remains underwhelming [2]. Among the factors
limiting the success of immunotherapy in CRC
patients, tumor-induced systemic immunosuppression
plays a key role [3].

Although the most significant alterations in the
composition and functional state of immune cells
occur within the tumor microenvironment, the
immunosuppressive influence of the tumor extends
far beyond its boundaries, affecting lymphoid organs
and immune cells circulating in the peripheral
blood. The latter leads to an imbalance of pro- and
anti-inflammatory mediators, exhaustion of effector
T-lymphocytes, and accumulation of myeloid-derived
suppressor cells (MDSCs) and regulatory T-cells
(Tregs) [4, 5]. This not only contributes to tumor
progression but also significantly reduces the efficacy
of immunotherapeutic drugs, as effector lymphocytes
are rendered incapable of mounting a robust response
even after immune checkpoint blockade [5, 6].

Alongside tumor-associated metabolic disorders
and chronic inflammation, soluble mediators (mo-
dulators) secreted by malignant cells are considered
to play a substantial role in the pathogenesis of
systemic immunosuppression in CRC [7, 8]. Among
these modulators are the B-galactoside-binding lectins
galectin-1 and galectin-3, whose overexpression is
characteristic of CRC cells [9, 10]. Galectins-1 and
-3 are known to possess immunomodulatory potential
towards cells of the adaptive immunity; however, the
vast majority of studies on the immunotropic effects
of these lectins have focused on their local action
within the tumor microenvironment [11-13]. Despite
significant progress in understanding the biology of
carbohydrate—protein interactions, the question of
how galectins-1 and -3 affect the subpopulations of
circulating CD4* T-lymphocytes in CRC remains
open. Elucidating the contribution of galectin-1
and galectin-3 to the development of systemic
immunosuppression is of fundamental importance for
developing new combined therapeutic strategies for
CRC aimed at restoring immune homeostasis.

The aim of this study was to assess the relationships
between the plasma levels of galectin-1 and galectin-3
and the subpopulation composition of CD4*

T-lymphocytes (Thl, Th17, and Treg) in patients with
CRC, as well as to determine the direct modulating
influence of tumor-associated galectins 1 and 3 on
the expression of key transcriptional factors (T-bet,
RORC?2, and Foxp3) in T-lymphocytes in vitro.

MATERIALS AND METHODS

The study included 26 patients with a histologically
verified diagnosis of CRC (14 men and 12 women,
meanage 62.9+6.7 years). CRC staging was performed
according to the international TNM classification
(8™ Edition, AJCC 2017). Of these patients, 15 were
diagnosed with stage 0-11 CRC (T0-4 NO MOQ), and
11 patients had stage Il1-1V disease (T1-4 N1-2 MO-
1). The control group consisted of 17 apparently
healthy donors (11 men and 6 women, mean age
58.2 + 3.1 years). Exclusion criteria were as follows:
prior neoadjuvant chemotherapy or radiotherapy, the
presence of other malignant neoplasms, and acute or
chronic inflammatory diseases (in the acute phase).

Peripheral venous blood (20 ml) was collected
from the cubital vein of all participants in the morning
after an overnight fast. Peripheral blood mononuclear
cells (PBMCs) were isolated by Ficoll density gradient
centrifugation on Ficoll. The plasma concentrations
of galectin-1 and galectin-3 were determined by
enzyme-linked immunosorbent assay (ELISA) using
commercial reagent kits (BosterBio, USA).

The immunophenotyping of CD4* T-lymphocyte
subpopulations (Thl, Th17, and Treg) in the PBMC
suspension was performed using flow cytometry. Cells
were stained with fluorochrome-conjugated monoclonal
antibodies (Alexa Fluor 488, PerCP-Cy5.5, APC, PE;
BD Biosciences, USA; RnD Systems, USA) against the
surface antigen CD4 and the intracellular transcription
factors T-bet, RORC2, and Foxp3. Analysis was
conducted on an Accuri C6 flow cytometer (BD
Biosciences, USA). Results were expressed as a
percentage of the total lymphocyte count.

To determine the in vitro influence of tumor-
associated galectin-1 and -3 on the expression of
regulatory genes for T-lymphocyte differentiation,
we developed a Transwell co-culture model using
the human colon adenocarcinoma cell line COLO
201 (ATCC, USA) and PBMCs from CRC patients.
Cells were cultured in complete RPMI-1640 medium
(Elabscience, USA) supplemented with fetal bovine
serum (Thermo Fisher Scientific, USA) and gentamicin
(PanEco, Russia). The experiment utilized 24-well
Transwell plates with semi-permeable membranes (0.4
um, Sigma-Aldrich, USA). Tumor cells were seeded in
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the lower chambers, while PBMCs isolated from patient
blood, supplemented with phytohemagglutinin-P
(10 pg/ml, PanEco, Russia), were placed in the
upper chambers. Culturing was performed under the
following conditions: an intact (control) co-culture and
co-cultures with the addition of a galectin-1 inhibitor
(OTXO008, 2 uM) and a galectin-3 inhibitor (GB1107,
1 pM). Incubation lasted for 72 hours under standard
conditions (37°C, 5% CO»).

Followingincubation, cells from the upper chambers
were collected for molecular genetic analysis. Total
RNA was extracted using the RNeasy Plus Mini Kit
(QIAGEN, Germany), and RNA quality was assessed
on a Multiskan Ex spectrophotometer (Thermo
Fisher Scientific, USA); cDNA was synthesized
by reverse transcription using the REVERTA-L kit
(AmpliSens, Russia). The quantitative evaluation
of mMRNA expression for the target genes was
performed by real-time polymerase chain reaction
(RT-PCR) wusing the 5X qPCRmix-HS SYBR
reaction mix (Eurogen, Russia) and specific primers
(tbx21: F: 5-CAGAATGCCGAGATTACTC-3’;
R: 5-AGGATACTGGTTGGGTAGGA-3’; rorc:
F: 5’-CTGCTGAGAAGGACAGGGAG-3’;
R:  5-AGTTCTGCTGACGGGTGC-3’;  foxp3:
F: 5’-GCACATTCCCAGAGTTCCTC-3’; R
5’-CAGTGGTAGATCTCATTGAGTGTC-3’;
p-actin: F: 5’>-TCGAGCAAGAGATGGCCAC-3’; R:
5’-AGGAAGGAAGGCTGGAAG-3’). The mRNA
expression level of the f-actin gene was used for
reference normalization. The relative quantity of
cDNA in the samples was calculated using the AACt
method and expressed in relative units (RU).

Statistical analysis was performed using IBM SPSS
Statistics 27 software (IBM, USA). The normality
of data distribution was assessed using the Shapiro—
Wilk test. Quantitative measures were presented as
the median and the interquartile range, Me (Q,; Q,).
The Mann-Whitney U test was used for comparing
two independent samples, and the Wilcoxon test was
used for two dependent samples. Correlation analysis
was performed by calculating the Spearman’s rank
correlation coefficient. Results were considered
statistically significant at p < 0.05.

RESULTS

Flow cytometry analysis revealed significant
alterations in the CD4* T-cell compartment in the
peripheral blood of CRC patients. The percentage
of Thl Ilymphocytes (CD4'T-bet) was 0.82%
(0.24; 0.94), demonstrating a 1.5-fold decrease (p =

0.045) compared to the control group — 1.24% (0.48;
2.43). Furthermore, patients with CRC showed a
2.4-fold reduction (p = 0.005) in the proportion of
Th17 lymphocytes (CD4*RORC2%) — 1.44% (0.19;
2.13) versus 3.51% (1.56; 4.79) in healthy donors.
Conversely, the level of regulatory T-cells (Tregs,
CD4*Foxp3*) in the blood of CRC patients was 1.19%
(0.8; 1.48), which was 2.2 times higher (p = 0.011)
than the corresponding value in the control group —
0.55% (0.23; 0.98) (Fig. 1).

Healthy donors

Patients

Max

Q, (75%)
Median
Q, (25%)
Min

Relative number of cells, %

Fig. 1. Relative number of Th1, Th17, and Treg lymphocytes

in the peripheral blood in patients with colorectal cancer and

healthy donors, % of total lymphocytes: * p < 0.05; ** — p <
0.01 compared to a similar indicator in healthy donors.

Stratification of CRC patients based on the tumor
stage revealed that the relative content of Thl 1.03%
(0.91; 1.23) and Thl7 lymphocytes 1.96% (0.8;
3.21) was higher in patients with stage 0-Il disease
compared to those with advanced stages (111-1V) 0.4%
(0.24; 0.86), p = 0.011 and 0.56% (0.13; 1.42), p =
0.038, respectively. In contrast, the proportion of Treg
cells was 1.6 times lower (p = 0.017) in patients with
stage O-11 CRC than in those with stage 1111V disease
1.19% (0.65; 1.34) vs. 1.87% (1.27; 2.34) (Fig. 2).

CRC 0-1 stages
CRC Il IV stages

Max
Q, (75%)
Median

Q, (25%)
Min

Relative number of cells, %

Fig. 2.— Relative number of Thl, Th17, and Treg lymphocytes

in the peripheral blood in patients with colorectal cancer

stratified by the disease stage, % of total lymphocytes: * p <
0.05 compared to patients with stage 0-11 CRC
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According to ELISA, the plasma concentration of
galectin-1 in CRC patients was 1.2 times higher (p =
0.003) than in the healthy donor group 16.17 (15.31;
17.10) vs. 13.74 (12.23; 14.79) ng/ml, respectively.
Furthermore, the plasma level of galectin-1 in CRC
patients correlated negatively with the content of Thl
(r = —0.56; p = 0.035) and Th17 lymphocytes (r =
—0.59; p = 0.033) and correlated positively with the
proportion of Tregs (» = 0.55; p = 0.035). The plasma
concentration of galectin-3 was also elevated in CRC
patients: 3.28 (2.30; 5.71) ng/ml compared to the
control group 1.56 (1.19; 2.17) ng/ml in the control
group (p = 0.006), but correlated only with the relative
content of Thl lymphocytes (» =-0.81; p = 0.001).

To test the hypothesis of a direct modulatory
effect of tumor-derived galectins-1 and -3 on CD4*
T-lymphocyte differentiation, we conducted an in
vitro co-culture of the human colon adenocarcinoma
cell line COLO 201 with PBMCs from CRC patients
in the presence or absence of selective galectin-1 and
galectin-3 inhibitors.

mRNA expression level, RU

Control OTX 008 GBI1107 Control

OTX 008

Blocking galectin-1 with the selective inhibitor
OTXO008 in in vitro co-cultures of COLO 201 cells
and patient PBMCs led to a statistically significant
increase in the mMRNA expression of the key Thl
transcriptional factor T-bet from 1.23 (0.88; 1.60) to
2.28 (1.81; 2.58) RU, p = 0.012 and the Th17 marker
RORC2 from 0.28 (0.23; 0.39) to 1.71 (1.22; 1.83)
RU, p = 0.012 compared to control co-cultures.
Conversely, the mRNA expression level of Foxp3,
which regulates Treg differentiation, decreased from
6.25 (5.67; 7.45) to 3.48 (2.86; 4.11) RU, p = 0.012
(Fig. 3). The addition of the selective galectin-3
inhibitor GB1107 to the in vitro co-cultures induced
unidirectional changes in the studied transcription
factors: an increase in T-bet mMRNA expression from
1.23(0.88; 1.60) to 2.97 (2.83; 3.4) RU, p=0.012 and
RORC2 mRNA expression from 0.28 (0.23; 0.39) to
0.79 (0.57; 0.99) RU, p = 0.012, alongside a decrease
in Foxp3 mRNA expression from 6.25 (5.67; 7.45) to
4.86 (4.26; 5.35) RU, p = 0.012 relative to the control
co-cultures without inhibitors (Fig. 3).

Max

Q, (715%)
Median
Q, (25%)
Min

GB1107 Control  OTX 008 GBI1107

Fig. 3. mRNA expression level of the transcriptional factors T-bet, RORC2, and Foxp3 in in vitro cell cultures, RU: * p < 0.05
compared to the control co-culture

DISCUSSION

The results of our study confirm the presence of
an imbalance in circulating CD4* T-lymphocytes
in patients with CRC characterized by a reduction
in effector subpopulations (Thl and Th17) and an
expansion of the immunosuppressive Treg cell pool.

The observed deficit in circulating CD4*T-bet*
Th1 lymphocytes, most pronounced in advanced-stage
CRC, serves as a key indicator of systemic immune
dysfunction and may contribute to immune evasion by
malignant cells and tumor progression. Type 1 T-helper
cells play a central role in orchestrating an effective anti-

tumor immune response. Through the production of
interferon (IFN)y, as well as direct cell-to-cell contact,
Th1 cells not only enhance the tumoricidal potential
of tumor-infiltrating CD8* cytotoxic T-lymphocytes
(CTLs) but also facilitate the presentation of tumor
antigens by macrophages and dendritic cells and
directly suppress cancer cell proliferation and tumor-
associated angiogenesis [14, 15].

The relative content of CD4*RORC2* Thil7
lymphocytes in the blood of CRC patients was
also reduced, particularly in patients with regional
and distant metastases. Interpreting these results is
complicated by the functional plasticity of the Th17
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lymphocyte subset. Some researchers point to a
predominantly pro-tumorigenic role for these cells
(mediated by IL-17-dependent induction of tumor-
associated inflammation and neoangiogenesis) in
CRC pathogenesis [16—-18]. However, under certain
conditions, Th17 cells can exert anti-tumor effects by
recruiting CD8* CTLs and neutrophils to the tumor
site [19]. In the context of our study, the significant
reduction in the Th17 pool in patients with metastatic
CRC may indicate general insufficiency of the T-cell
arm of adaptive immunity, despite the potentially pro-
tumorigenic properties of these cells within the local
tumor microenvironment.

Parallel to the deficit in effector Thl and Th17
lymphocytes, we recorded an increase in the proportion
of CD4*Foxp3* Treg cells in the blood of CRC patients,
reaching maximum values in patients with stage 1lI
and 1V disease. According to current literature, Tregs
are the primary inducers of immunological tolerance to
tumor antigens. The tolerogenic potential of Treg cells
is mediated by several complementary mechanisms,
including the secretion of immunosuppressive
cytokines (IL (interleukin)-10 and TGF (transforming
growth factor)-p), direct cytolytic action on effector
lymphocytes, expression of inhibitory molecules, such
as PD (programmed cell death protein)-L1 and CTLA
(cytotoxic T-lymphocyte-associated protein)-4, and
the suppression of antigen-presenting cells [20, 21].
The expansion of Tregs in the peripheral circulation
creates a barrier to an effective anti-tumor immune
response and is a negative prognostic factor in CRC
and other malignancies [20].

The mechanisms of systemic T-cell immune
dysregulation in malignant colon tumors are
multifaceted. Competitive consumption of glucose
and amino acids by tumor cells disrupts the energy
homeostasis and proliferative potential of effector
T-lymphocytes [22], while lactate accumulation
resulting from the Warburg effect in tumor cells
suppresses type 1 and type 17 T-helpers while
simultaneously stimulating Treg function [23].
Tumor-associated chronic inflammation, accompanied
by elevated levels of circulating cytokines IL-1f, IL-
6, and TNF (tumor necrosis factor)-a, leads to the
expansion of myeloid-derived suppressor cells and
Tregs against a background of CTL suppression and
dysfunction of antigen-presenting cells, characterized
by reduced MHC (major histocompatibility complex)
Il and co-stimulatory molecule (CD (cluster of
differentiation)80/CD86)  expression [24, 25].
Furthermore, malignant cells and elements of the

tumor microenvironment secrete a wide spectrum
of soluble mediators, including prostaglandin
E2 (PGE2), adenosine, IL-10, and TGFp, which
modulate immune cell activity [26, 27]. The results of
our study substantiate the involvement of galectin-1
and galectin-3, produced by malignant cells, in the
development of tumor-induced immunosuppression
in CRC.

The negative correlation between the plasma
concentration of galectin-1 and the relative number
of CD4'T-bet Thl and CD4*RORC2* Thl7
lymphocytes and its positive correlation with the
content of CD4*Foxp3* Treg cells in the peripheral
blood of CRC patients suggests a possible systemic
tolerogenic influence of this lectin. Immunotropic
action of galectin-1 is mediated by its binding to
B-galactoside residues of membrane glycoproteins.
For instance, the interaction of galectin-1 with CD45,
CD43, CD7, and components of the T-cell receptor can
induce apoptosis in activated lymphocytes [28]. Thl
and Th17 lymphocytes are most sensitive to the pro-
apoptotic effect of galectin-1, which is associated with
the specific glycosylation patterns of their membrane
glycoconjugates that serve as ligands for this lectin
[28, 29]. In vitro experiments have demonstrated
other mechanisms for the immunomodulatory action
of galectin-1, including the regulation of cytokine
secretory activity, clonal expansion, and antigen-
dependent differentiation of target lymphocytes [30].
The latter point is supported by our results, which
show that selective inhibition of galectin-1 in a co-
culture of PBMCs from CRC patients and COLO
201 colon adenocarcinoma cells led to increased
expression of mRNA for the transcriptional factors
controlling Thl and Thl7 development (T-bet and
RORC2, respectively), and decreased expression of
the Foxp3, which determines Treg cell differentiation.

In contrast to galectin-1, whose plasma level in
CRC patients correlated with the relative content
of all studied T-lymphocyte subpopulations, the
concentration of galectin-3 correlated only with
the number of CD4*T-bet* type 1 T-helpers.
Simultaneously, in co-cultures of COLO 201 cells
and PBMCs from CRC patients, selective blockade
of galectin-3 induced changes similar to those
observed with galectin-1 inhibition (increased T-bet
and RORC2 mRNA expression and suppressed
Foxp3 expression). According to the literature, the
biological activity of recombinant galectin-3 varies
significantly depending on its local concentration
[31, 32]. Furthermore, galectin-3-mediated
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regulation of T-lymphocyte viability, function, and
polarization is mediated not only through direct
contact with the target cell but also via modulation of
antigen-presenting cell activity in peripheral tissues
[33, 34]. The relatively low level of galectin-3 (4.9
times lower than the concentration of galectin-1) in
the blood of CRC patients appears insufficient for
exerting a direct tolerogenic effect on the circulating
pool of Thl7 and Treg lymphocytes. On the other
hand, our in vitro Transwell co-culture system
replicated conditions approximating the tumor
microenvironment, where the immunoregulatory
activity of galectin-3 is more pronounced [35, 36].

CONCLUSION

This study demonstrates that in patients with
colorectal cancer, elevated blood concentrations
of galectin-1 and galectin-3 are associated with
systemic suppression of T-cell immunity, manifesting
as a reduced number of circulating Thl and Thl7
lymphocytes alongside a concomitant increase in Treg
cells. The results of selectively inhibiting galectin-1
and galectin-3 in an in vitro co-culture of COLO
201 colon adenocarcinoma cells and peripheral
blood mononuclear cells from CRC patients confirm
the direct modulatory influence of soluble forms
of galectins 1 and 3 on the expression of genes
controlling the differentiation of CD4* T-lymphocytes
towards either effector (Thl, Th17) or regulatory
(Treg) phenotypes.

These findings contribute to the existing body of
knowledge on the mechanisms of immune evasion in
malignant colon tumors and substantiate the prospects
of targeted galectin-1 and galectin-3 blockade in
combination with  existing immunotherapeutic
strategies for colorectal cancer.
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