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ABSTRACT

Aim. To identify the features of the subpopulation composition of blood monocytes and tumor macrophages in
relation to the plasma concentration and intratumoral expression of galectins 1 and 3 in patients with colorectal
cancer.

Materials and methods. A total of 23 patients with colorectal cancer (ICD C18-20) were examined — 5 men and
18 women (average age 63.8 + 9.4 years). The control group consisted of healthy volunteers; the comparison group
encompassed age- and sex-matched patients with colon adenomas. The study materials included whole blood and
tumor biopsies. The concentration of galectins 1 and 3 in the blood was determined by enzyme-linked immunosor-
bent assay, the content of tumor galectin-1" and galectin-3* cells — by immunohistochemistry. Subpopulations of
blood monocytes were evaluated by flow cytometry; the macrophage immunophenotypes M1 (CD68'CD80*) and
M2d (CD68'CD206") in tumor tissues were determined using immunofluorescence staining. Statistical processing
of the research results was performed by the Jamovi 2.3.21 software package for Windows.

Results. In patients with colorectal cancer (CRC), a positive relationship was identified between high plasma
concentrations of galectins 1 and 3 and an imbalance of blood monocytes manifested by a decrease in the
relative count of classical CD14""CD16- monocytes and, conversely, an increase in the number of non-classical
CD14'CD16"" and intermediate CD14'CD16" cells. The relative numbers of M1 (CD68'CD80") and M2d
(CD68"CD206") macrophages in CRC tissue samples turned out to be comparable and did not depend on the level
of galectins 1 and 3 in the blood and tumor. In patients with colon adenomas, the M2d subpopulation of tumor-
associated macrophages was predominant (p = 0.031).

Conclusion. In patients with CRC, galectins 1 and 3 have a modulating effect on the ratio of non-classical
CD14*CD16", intermediate CD14°CD167, and classical CD14""CD16 monocytes in the blood and do not affect
the M1/M2d expression profile of tumor-associated macrophages.
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PE3IOME

Hensb. BeissBUTE 0cOOCHHOCTH CyOMOMYIISIIIMOHHOTO COCTaBa MOHOIIUTOB KPOBU M MAaKpO(haroB OITyXOJIH BO B3aH-
MOCBSI3H C IJIa3MEHHOM KOHIICHTpAIMel 1 BHYTPHOITYXOJIEBOH IKCIpeccHel raleKTHHOB 1 1 3 y OONBHBIX pakoM
TOJICTOM KHUIIIKH.

Matepuansl 1 Metoabl. O6cnenoBansl 23 60abpHBIX KojopekTanbHeIM pakoM (MKB C18-20) — 5 myxuuH U
18 xeHmuH, cpeanuit Bospact (63,8 + 9,4) net. ['pynity KOHTPOJIS COCTABHIM 3A0POBBIE JOOPOBOJIBLBL, TPYIIITY
CpaBHEHHs — NALUEHTHI C aJICHOMAaMM TOJICTOH KHIIKH, COIIOCTaBHMBbIE MO MOy W BO3pacTy. MarepuaioM Hc-
CIIEOBAHMS SIBJISUIUCH LielbHAsl KPOBb U OHONTATHI OyXonu. KoHIeHTpaluo ranekTuHoB 1 u 3 B KpoBH onpe/e-
JISUTA METOJOM MMMYHO(EPMEHTHOTO aHaH3a, COJACP)KaHUE OITyXOJIEBbIX TIeKTHH-1" M rajJekTuH-3" KIeTOK —
METO/I0OM UMMYHOrHCTOXUMUH. [TozicueT CyOnomy Iauii MOHOLMTOB KPOBHU BBIIIOIHSUIM METOJIOM IPOTOYHOI 111~
TodyopumeTpun, onpeaeneaue ummynopenorunos M1 (CD68*CD80*) u M2d (CD68*CD206%) makpodaros B
OITyXOJICBOM TKaHH — METOJJOM UMMYHO(IIyOpeCLieHIIMH. Pe3ynbTaThl HccieoBaHus 00pabaThIBali CTaTHCTHYE-
CKHMH METO/IaMH ¢ IPIMEHEHNEM MIPOrpaMMHOT0 maketa Jamovi 2.3.21 g Windows.

Pe3yabTathl. ¥V GonpHBIX pakoM Toictoi kumku (PTK) ycraHoBieHa MONoXHTENIbHAs CBSI3b MEXTY BBICOKOM
IUIa3MEHHOM KOHIIGHTpAalMed raJeKTHHOB | M 3 M HapylleHHeM OallaHca MOHOIIUTOB KPOBH B BHJE CHIIKECHHS
OTHOCHUTEILHOrO cojepxkanus kiaccndecknx CD147CD16° MOHOUMTOB M, HANpPOTHUB, YBEIHUEHHUS YHCIICH-
HocTH Heknaccuyeckux CD14°CD16™ u nepexomusix CD14*CD16™ knerok. OTHOcuTenpHOE KoiudecTBo M1
(CD68*CD80") 1 M2d (CD68'CD206") makpocdaros B oOpasiax tkaneit PTK okazanock comocTaBuMbIM 1 HE 3a-
BHICEJIO OT YPOBHsI TAJICKTUHOB 1 ¥ 3 B KPOBH U OITyXOJIH. Y TMAI[MEHTOB C aIcHOMaMH TOJICTOH KHILKY npeobianana
M2d-cy6nonyJsiust OmyXoJb-acCOLMUPOBaHHBIX Makpodaros (p = 0,031).

3axmouenne. Y 60npHBIX PTK ranekturs! 1 ¥ 3 0ka3bplBalOT MOIYJIHPYIOIICE BIMSHAE HA COOTHOIIICHHE HEKIIac-
cuueckux CD14+CD16™, nepexogusix CD14°CD16™ u knaccuueckux CD14"CD16” MOHOIMTOB B KPOBH U HE
BIHSIOT Ha popmupoBanre M1/M2d-3kcipecCHOHHOTO MPOQHIIS OMyX0JIb-aCCOIMUPOBAHHBIX MaKpO(aroB.

KiioueBble cj10Ba: TalleKTHHBI, MOHOLIUTHI, MaKpo(dark, pak TOJICTOI KUIIKH, IMMYHO(DEHOTHI

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNKeil HACTOSIIEH CTaThH.

Hcrounuk ¢puHAHCHPOBAHUA. ABTOPHI 3asBIISIIOT 00 OTCYTCTBUH (DMHAHCUPOBAHUS IPH NMPOBEICHHU HUCCIIENO0-
BaHMUS.

CooTBeTcTBHE MPUHIIMIIAM dTHKH. Bce manueHTs! moamucamn HHOOPMHUPOBAHHOE COTJIACHE HA YYacTHE B HC-
cienoBannu. Mccnenopanue omoopeHo stuaeckinM komuteroM Cuol' MY (mporokon Ne 8881 ot 29.11.2021).
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Vpazosa O.U., I'puerko M.IO., Uypuna E.I'., 'amuposa K.A. denotunnyeckuii npoduiib MOHOIIUTOB KPOBH U
OTyXO0JTb-aCCOIMUPOBAHHBIX MaKpO(haroB BO B3aUMOCBSI3U C KCIPECCUCH TaJeKTUHOB | M 3 mpH pake TOJICTON
KUIIKA. Broanemens cubupcrou meouyunst. 2024;23(4):55-63. https://doi.org/10.20538/1682-0363-2024-4-55-63.
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INTRODUCTION

Colorectal cancer (CRC) is one of the top
malignancies in terms of morbidity and mortality
both in Russia and worldwide [1, 2]. Despite
significant efforts aimed at early detection of CRC and
improvement of treatment methods, in half of cases,
the disease is diagnosed at stage III-IV. One-year
mortality amounts to 19.2%, and five-year survival is
57%. There is also an increase in the CRC incidence
among young people [3].

The pathogenesis of CRC is based on the interaction
of tumor cells with the tumor microenvironment
(macrophages, endothelial and mesenchymal
progenitor cells, fibroblasts, etc.). These interactions
are mediated by many regulatory molecules, including
galectins — proteins that bind to [p-galactosides.
Molecules of this family are characterized by a
common carbohydrate-recognition domain and exert
a variety of functions both extra- and intracellularly
[4-7]. It has been shown that the pool of tumor-
associated macrophages, myeloid-derived suppressor
cells, and individual dendritic cells is replenished by
blood monocytes [8].

The aim of the study was to identify the features
of the subpopulation composition of blood monocytes
and tumor-associated macrophages in relation to the
plasma concentration and intratumoral expression of
galectins 1 and 3 in patients with CRC.

MATERIALS AND METHODS

The study included 23 patients with verified
CRC (ICD C18-20) — 5 men and 18 women (mean
age 63.8 £ 9.4 years), who were registered at Tomsk
Regional Cancer Center (chief physician — Maksim Yu.
Grishchenko, Cand. Sci. (Med.), Associate Professor).
The patients were divided into groups according to the
stage of the disease: the group with stage | CRC included
4 people, with stage II — 9 patients, with stage III — 5
patients, and with stage IV — 5 patients. The comparison
group encompassed patients with colon adenomas — 8
men and 7 women (mean age 60.7 + 10.4 years). The
control group included 11 healthy volunteers (6 men
and 5 women aged 61.5 + 9.7 years) from those who
visited the institution for a regular health checkup.

The exclusion criteria were: chronic inflammatory
non-infectious or infectious (in the acute phase)
and autoimmune or allergic (without achieving
control) diseases, purulent processes, other malignant
neoplasms, antitumor therapy (at the time of the study
and in medical history), as well as refusal to participate

in the study. Each subject signed an informed consent.
The study was approved by the Ethics Committee at
Siberian State Medical University (Protocol No. 8881
of 29.11.2021). Information about the patient’s age,
diagnosis, tumor localization, and cancer stage was
obtained from medical records.

The study material was whole venous blood and
tumor biopsy samples (malignant and benign) obtained
from the colon. The concentration of galectin 1 and
galectin 3 in blood plasma was measured by enzyme-
linked immunosorbentassay using the Boster Bio ELISA
kits (USA). The expression of galectins in tumor biopsy
samples was determined by immunohistochemistry
using a standard technique. The number of monocyte
subpopulations was counted by flow cytometry on the
BD Accuri flow cytometer (USA) using antibodies to
CD14 labeled with R-Phycoerythrin and antibodies to
CD16 labeled with FITC.

Sample preparation involved lysis of erythrocytes,
washing of leukocytes, addition of fluorochrome-
labeled antibodies to the cell suspension according
to the manufacturer’s instructions, incubation of
the solution, and addition of the staining buffer.
The number of each monocyte subpopulation was
evaluated according to the expression of CD14 and
CD16 on the cell membranes. Monocytes expressing
CDI14*CD16"" were classified as non-classical,
CD14*CD16 — as classical, and CD14*"CD16* — as
intermediate cells.

To assess the colocalization of CD68, CD206,
and CD80 molecules on the surface of macrophages,
triple immunofluorescence staining of paraffin
sections (according to the standard technique) was
performed, followed by confocal microscopy. For
immunofluorescence staining, the following primary
antibodies were used: mouse monoclonal anti-CD68
(Novus Biologicals, NBP2 445-39, clone KP1, 1:200
working dilution, USA), rabbit polyclonal anti-CD80
(Abcam, ab64116, 1:70 working dilution, USA), goat
polyclonal anti-CD206 (R&D Systems, AF2634, 1:40
working dilution, USA). Additionally, the following
combinations of secondary antibodies were utilized:
anti-mouse Alexa Fluor 488-labeled, anti-rabbit Alexa
Fluor 555-labeled, anti-goat Alexa Fluor 647-labeled
(working dilution of all secondary antibodies was
1:400). When staining cell nuclei, DAPI fluorescent
stain (ab104135, Abcam, USA) was used for their
subsequent visualization on the Carl Zeiss LSM 780
NLO confocal microscope (Germany). The results
were analyzed using the Black Zen and Qupath 0.4.4
software (Fig.1).
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Fig. 1. Immunofluorescence staining of paraffin sections: a — colorectal cancer, b — colon adenoma

Based on the expression of the CD68/CD206/
CD80 markers, CD68"CD80" macrophages were
considered as cells with M1 immunophenotype, and
CD68"CD206* —as cells with M2d immunophenotype.
Since CD68 is a common marker for macrophages [9],
the number of CD68" cells was initially assessed as a
percentage of all stromal cells, and then the relative
number of CD68"CD206" and CD68*CD80" cells was
determined.

Statistical analysis of the results was performed
using the Jamovi 2.3.21 software package for
Windows. The Kolmogorov — Smirnov and the
Shapiro — Wilk tests were used to check the normality
of distribution of the studied variables. The Mann
— Whitney U-test was used to assess the statistical
significance of differences in quantitative variables
between the samples. The Spearman’s rank correlation
coefficient () was calculated to identify relationships
between paired quantitative variables. The results
were considered statistically significant at p < 0.05.

RESULTS

According to our previous study [10], the content
of galectin 1-expressing cells in the tumor tissue of
patients with CRC was higher than in the comparison
group: 33.5 (27.0; 55.0) % in CRC and 11.0 (5.0;
21.0) % in colon adenomas (p < 0.001). Similarly, the
concentration of galectins 1 and 3 in the peripheral
blood of individuals with CRC was higher than in
patients with colon adenoma and healthy donors by
2.5 and 6.6 times, respectively (p < 0.001). A positive
correlation was found between the concentration of

galectin 1 and galectin 3 in peripheral blood plasma
(rs =0.843, p <0.01).

Statistically significant differences in the number
of classical, intermediate, and non-classical blood
monocytes were found between the studied groups
(Table 1). At the same time, the total number of
leukocytes (p = 0.201) and monocytes (p = 0.673) in
the blood was comparable.

Table 1

Subpopulation composition of blood monocytes in patients
with colorectal cancer, Me (Q,; O,)

Subpopulations of

monocytes, % Patients with CRC Healthy donors
Classical
CD14°CD1675.53 (71.41; 78.12) 88.66 (86.06; 93.29)

p <0.001

Intermediate 8.76 (6.19; 10.53) | 1.87(0.93; 2.6)

CD14"CD16" p<0.001

Non-classical 15.08 (11.80; 19.91) | 4.09 (1.26;5.51)

CD14'CD16"* p<0.001

The increase in the number of non-classical
CD14*CD16™ monocytes had a direct strong
correlation with the level of galectin 1 (rs = 0.557)
and galectin 3 (s = 0.780) in blood plasma. A
similar relationship was observed for the number of
intermediate CD14"*CD16* monocytes: a direct strong
correlation was identified with the concentration of
galectin 1 (rs = 0.618) and galectin 3 (rs = 0.617) in
blood plasma.

Therefore, in patients with CRC, an increase in
the number of CD16" monocytes in the blood was
revealed compared to the group of healthy volunteers.
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A direct strong correlation was determined between
the number of non-classical monocytes and low
tumor differentiation grade (G3), i.e. a high malignant
potential of the tumor. On the other hand, an inverse
strong relationship was identified between the number
of classical monocytes (CD14"*CD16") in the blood
and tumor differentiation grade (s =—0.469, p <0.01),
the level of galectin 1 (rs = —0.663, p < 001) and
galectin 3 (rs =—0.804, p <0.001) in the blood plasma.

Following the analysis of the subpopulation
composition of macrophages in tumor biopsy
samples in patients with CRC and colon adenomas,
no differences in the content of tumor-associated
CD68"CD80*" macrophages (with the M1 phenotype)
were found between the groups. The number of
CD68"CD206* cells (macrophages with the M2d
phenotype) in patients with CRC was 1.9 times smaller

a

W Megatve W CDE8+ M CDB0+ [0 CD206+
W COEE+COB0 CDBO+CD206+ CDEB+CD206+
COE8-COB0+CO206+

than in patients with colon adenomas (Table 2). At the
same time, in patients with colon adenomas, relative
predominance of the M2d macrophages in the tumor
tissue was discovered (p = 0.030), while in CRC, the
ratio of tumor-associated M1- and M2d macrophages
was comparable.

Table 2

Subpopulation composition of tumor-associated macrophages
in patients with colorectal cancer, Me (Q,; Q,)

Immunophenotype of

macrophages, % Colon adenoma

Colorectal cancer

4.34 (1.80; 6.74) 4.26 (1.19; 6.53)
p=0.454
3.21(2.01;4.79) | 6.10 (3.97;7.71)
=0.031

M1 (CD68°CD80%)

M2d (CD68*CD206")

The example of stained tumor tissue samples is
shown in Fig. 2.

Fig. 2. Staining of tumor tissue specimens

The correlation analysis of the M1/ M2 expression
profile of tumor-associated macrophages and the
content of galectins 1 and 3 in peripheral blood
and tumor tissue found no statistically significant
relationships.

DISCUSSION

Galectins are a family of proteins expressed by a
variety of cells, including cells in a tumor [11]. Among

the lectins involved in the pathogenesis of cancer,
galectin 1 and galectin 3 are of particular importance
[12, 13]. These molecules not only affect the properties
of tumor cells, such as the ability to proliferate and
metastasize (detachment from the primary tumor,
aggregation, adhesion, intra- and extravasation,
migration, and invasion) and susceptibility to
programmed cell death [14], but also participate in
the interaction of the tumor with immunocompetent
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cells having immunosuppressive properties, which
contributes to tumor escape from immune surveillance
[4]. The mechanism underlying this effect is based on
binding of galectins to CD receptors on leukocytes,
which regulates maturation of polarization, activation,
and apoptosis of these cells [15, 16]. Galectins-1 and
3 also exhibit predominantly anti-inflammatory and
tolerogenic (suppressive) effects toward macrophages,
directing their polarization along the alternative M2
pathway [17, 18]. Macrophages differentiated in this
way, in turn, actively synthesize galectin 1 and galectin
3 themselves, while classical M1 macrophages, on the
contrary, are characterized by low expression of these
lectins [19].

According to N.N. Sarbaeva (2016), the
identification of two  distinct macrophage
subpopulations (M1 and M2) does not fully characterize
the diversity of macrophage immunophenotypes
due to their plasticity [20]. Macrophages with the
anti-inflammatory M2 phenotype are classified into
M2a, M2b, M2c, and M2d subpopulations. Such
differences between the cells are due to the set of
intracellular and membrane molecules expressed by
them (transcription factors, differentiation clusters,
receptors for cytokines and chemokines, etc.), secreted
cytokines (mainly interleukin (IL) 10 and transforming
growth factor B (TGFp)), and functions (phagocytosis,
activation of cell growth and regeneration processes,
maintenance of tissue homeostasis, polarization of
the immune response toward the Th2 (humoral) or
Th17 (autoimmune) pathway, or Treg-mediated
immunosuppression, etc.). According to the literature,
macrophages expressing CD68 and CD206 markers
(i.e. with the M2d phenotype) promote tumor growth,
angiogenesis  (including tumor vascularization
through production of proangiogenic mediators), and
extracellular matrix remodeling [21, 22].

Galectins 1 and 3 act as chemoattractants for
monocytes newly recruited to the tumor site,
thereby forming a vicious circle that promotes tumor
progression [23, 17]. There is evidence that galectin
1 promotes M2 polarization of macrophages by
regulating arginine metabolism and reducing nitric
oxide production [24].

According to the results of the present study,
patients with colitis showed a slight trend toward
an increase in the proportion of M1 macrophages
compared to patients with colon adenomas. This could
be attributed to the involvement of inflammation
in the mechanisms of malignant tumor growth.
Inflammation can both precede the development of

colitis-associated CRC and accompany the formation
and progression of a tumor not associated with colitis.
A colon tumor formed in the context of chronic
inflammation is morphologically characterized by
pronounced infiltration with immunocompetent cells,
which in turn are a source of pro- and anti-tumorigenic
and proinflammatory cytokines [25].

In a benign tumor (adenoma) of the colon, we found
an imbalance in the ratio of M1 / M2 macrophages
with the predominance of the M2d subpopulation,
which, according to many authors, is more characte-
ristic of malignant tumors [26-28]. Interpreting
the obtained results, it should be noted that in most
studies, the authors evaluate the immunophenotype
of tumor-associated macrophages in comparison to
healthy tissue samples. In our study, we assessed the
ratio of M1 / M2 macrophages in CRC compared to
their content in patients with colon adenoma.

Division of macrophages into polarized
subpopulations (M1 and M?2) is more consistent
with in vitro conditions and does not fully reflect
the heterogeneity of these cells in vivo. Markers that
determine the M1 and M2 immunophenotypes can be
simultaneously expressed on a single cell. For example,
macrophages of human skin wounds, along with
cytokines characteristic of M1 cells, synthesize IL-10
and express CD206, CD163, CD36, and the receptor
for IL-4 on their membranes [29]. The possibility
of direct and reverse transformation of M1 and M2
immunophenotypes accompanied by changes in the
spectrum of secreted cytokines and efferocytosis (the
process of burying dead cells — removal of apoptotic
cells by phagocytosis) has been described [30, 31].

Atthe same time, there are no standardized methods
for the quantitative assessment of macrophages,
and significant differences in the protocols for their
immunofluorescence typing exist [32]. To assess
the subpopulation composition of macrophages,
researchers use various combinations of surface
molecules [33-35] due to the lack of highly specific
markers. In our study, to level out the subjective
component of the assessment, we used the QuPath
software, which allows to automate cell counting or
exclude the “tumor” component from the analysis and
assess only the cells of the tumor microenvironment.

The pool of tumor-associated macrophages,
immunosuppressive cells of myeloid origin, and
immunogenic and tolerogenic dendritic cells is
replenished via migration of monocytes originated
from the bone marrow into tissues. The influence of
the tumor on monocytes can manifest itself not only
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within the tumor site, but also directly at the level
of their precursors in the bone marrow or spleen. In
turn, monocytes themselves produce cytokines and
chemokines, thereby participating in the recruitment of
new immune cells into the tumor site and maintaining
inflammation [8].

According to some authors, the properties of
tissue-associated macrophages are determined by the
status of blood monocytes, while others claim that the
role of monocytes in the formation of macrophage
immunophenotypes is ambiguous [8, 30], and their
differentiation depends on the interaction of cells with
elements of the microenvironment and is mediated
by growth factors, extracellular matrix components,
etc. [23]. Galectin 1 is an inducer of monocyte
chemotaxis and can modulate the expression of major
histocompatibility antigens and FcyRI receptors,
which mediate phagocytosis [28].

In the present study, we hypothesized that
galectins 1 and 3 are capable of influencing the
direction of polarization of monocytes as precursors
of tumor-associated macrophages. According to our
results, patients with CRC were characterized by
a decrease in the content of classical monocytes in
the blood, while the number of cells with alternative
immunophenotypes — non-classical and intermediate
monocytes — was increased.

According to the literature, an increase in the
number of circulating non-classical CD14°CD16™
monocytes may be associated with their specific
function of synthetizing growth factors, and an increase
in the intermediate CD14""CD16" monocyte count
— with the production of tumor necrosis factor alpha
(TNFa), which acts as a mediator of tumor-associated
inflammation [29]. The positive relationship between
high content of galectin 1 and galectin 3 and the
increase in the number of non-classical CD14"CD16™
and intermediate CD14"*CD16* monocytes in the
blood identified in our study indicates the possible
effect of these lectins on the polarization of monocyte
subpopulations toward CD16-positive cells.

The obtained quantitative data were not associated
with the clinical and morphological parameters of the
tumor, gender, and age of patients. We believe that
this can be attributed to the variability of the clinical
course of the underlying disease and the diversity
of its symptoms, which depend on the location
of the primary tumor node, the features of tumor
growth, the presence of complications, the severity
of inflammation-related manifestations of alteration
accompanying cancer, etc.

The absence of a relationship between the content
of galectins 1 and 3 in the blood and in the tumor with
the M1 / M2 expression profile of tumor-associated
macrophages in patients with CRC, on the one hand,
indicates that galactoside-binding proteins do not have
a significant distant and local effect on the maturation
and functional specialization of tissue macrophages.
On the other hand, this might be due to an insufficient
sample size, which requires further, more detailed
studies with an increase in sample data and expansion
of the spectrum of tested regulatory biomolecules
capable of polarizing the differentiation of myeloid
cells within the tumor microenvironment.

CONCLUSION

We revealed galectin-1, 3-dependent changes
in the subpopulation composition of monocytes: a
decrease in the number of classical CD147CD16
cells and an increase in the number of non-classical
CD14°CD16" and intermediate CD14"CD16 cells in
the peripheral blood of patients with CRC. Elevated
content of galectin 1-expressing tumor cells and high
concentration of galectins 1 and 3 in the blood plasma
did not influence the ratio of M1 (CD68"CD80%) and
M2d (CD68"CD206") tumor-associated macrophages.

A detailed study of the immunoregulatory effect
of galectins on individual subpopulations of blood
monocytes and tissue macrophages opens up prospects
for the use of these lectins as new biomarkers for
CRC and molecular targets for innovative methods
of targeted and immune (via reprogramming of the
tumor microenvironment) therapy for colon cancer.
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