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Significance of leptin, Galectin-1 and Galectin-3 in tumor lymphangiogenesis
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Abstract

Background and study aims: Leptin, Galectin-1 and
Galectin-3 are essential players in tumorigenesis, angiogenesis,
and metastasis, but their lymphangiogenic role is unclear. Here,
the associations of leptin, Galectin-1 and Galectin-3 with markers
of lymphangiogenesis were evaluated in colorectal cancer (CRC).

Patients and methods: A total of 120 patients with CRC were
included in the study. The expressions of leptin, Galectin-1,
Galectin-3, and vascular endothelial growth factor- C (VEGF-C)
were analyzed in CRC tissue and compared with lymphatic
vessel density (LVD). Also, the concentrations of Galectin-1 and
Galectin-3 were determined in the sera of CRC patients (n=38).

Results: LVD positively correlated with the intensity of leptin
or Galectin-1 expression (as defined by intensity score, IS) in
tissues. Although there was no significant association between
tissue expression of Galectin-3 and LVD, serum Galectin-3
concentrations were markedly decreased in patients with high
LVD. The positive correlation was observed between intensity
of VEGF-C and leptin expressions. No significant relationship
was found between VEGF-C and Galectin-1 expression, while
the intensity of VEGF-C expression positively correlated with
Galectin-3 expression in tumor tissue. Further, high leptin
expression, determined by a total score (sum of percentage score
(PS) and IS) > 4, was related to regional lymph node metastasis
and TNM stages, indicating a more aggressive CRC phenotype.

Conclusions: The results suggest that leptin and Galectin-1 are
involved in the formation of new lymphatic vessels in tumor, either
dependently or independently of VEGF-C. It seems that high
leptin expression reflects regional metastases and progression of
CRC. (Acta gastroenterol belg., 2026, 89, 285-294).
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Introduction

Lymphatic vessels play the important role in the
metastatic spread of malignant cells. In almost all
tumors, the detection of tumor cells in lymph nodes
is the indicator of tumor progression in apparently
localized disease (1, 2). Moreover, inhibition of the
dissemination of tumor cells in regional lymph nodes
reduces distant organ metastasis (3). Initially, lymph
node metastasis was considered a passive process
involving the spread of tumor cells via preexisting
lymphatic vessels. However, it has been established that
the formation of new lymphatic vessels from preexisting
ones, known as lymphangiogenesis, can actively
contribute to the dissemination of malignant cells (4).
Lymphangiogenesis is controlled by various factors in
the tumor microenvironment, including molecules of
the extracellular matrix, cellular components, as well
as growth factors, cytokines, and enzymes (5). Tumor
cells and tumor-associated inflammatory cells express
various soluble mediators that initiate signalling
cascades driving lymphatic vessel growth (6). In turn,

functional lymphatic vessels shape the inflammatory
profile of the tumor microenvironment (7).

The expressions of Galectin-1 and Galectin-3 are
mostly upregulated in different types of tumors and
contribute to tumor biology, through both intracellular
and extracellular interactions (7). Specifically,
Galectin-1 and Galectin-3 have been reported to affect
numerous processes critical for the development and
progression of tumor, such as cell proliferation, survival,
migration, adhesion, angiogenesis, and immune escape
(8-12). In the previous study, we found that Galectin-1,
which is predominantly expressed in surrounding
stromal components of CRC, positively correlated with
local tumor invasiveness, as well as distant metastasis
and advanced tumor disease (13). Further, serum
CEA (carcinoembryonic antigen) serves as Galectin-1
ligand on human colon carcinoma cells and positively
correlates with circulating Galectin-1 levels, suggesting
the possibility of their cooperation during tumor
metastasis (13). Although the correlation between
Galectin-3 and the clinicopathological characteristics
of CRC progression was not observed, we found that
Galectin-3, which is mainly expressed in tumor cells,
positively correlated with serum IL-17 and IL-23
levels, indicating that this molecule modulates tumor-
associated inflammatory processes (13). Evidence also
indicates that Galectin-1 and Galectin-3 have been
linked to vascular endothelial cell functioning and
different steps of the tumor angiogenic cascade, such as
endothelial cell proliferation, migration, sprouting, and
tube formation (14). However, their role in the process
of tumor lymphangiogenesis is not fully explored.

Leptin is an adipocytokine that is implicated in all
developmental stages of tumors, such as initiation,
promotion, and metastatic progression, either directly
or indirectly (15). Looking at the contribution of this
multifunctional protein in the critical events related
to tumor biology raises the question of the influence
of leptin on lymphangiogenesis (16, 17). Previously,
it was shown that leptin expression is increased in
various types of tumors, including breast, gastric,
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prostate, thyroid, and colorectal cancers (18). Its role
in tumor angiogenesis has been well documented and is
reflected in the fact that leptin either directly stimulates
the proliferation and migration of endothelial cells or
indirectly contributes to the formation of new blood
vessels by upregulating main proangiogenic factors,
such as vascular endothelial growth factor (VEGF)
(19, 20). The role of leptin in lymphangiogenesis is
insufficiently investigated. In the previous study, leptin
was linked to the process of lymphangiogenesis in
tumor, but the mechanism was not fully clarified (21).
Several studies have highlighted the potential impact of
leptin on lymphangiogenesis in a VEGF-C-dependent
manner (21, 22).

The goal of the present study was to assess whether
leptin, Galectin-1 and Galectin-3 are associated with
markers of tumor lymphangiogenesis.

Patients and methods

The retrospective study included 120 patients with
CRC, diagnosed and surgically treated at the Center for
General Surgery. The study was approved by the Ethics
Committee of this institution, and all patients gave
written informed consent.

The mean age of study participants was 66.05
years (standard deviation=10.06, range 31-87), and
70% of them were male. The clinical and pathological
characteristics of patients with CRC included in the
study are presented in Table 1.

Each diagnosis was confirmed by two pathologists
using hematoxylin and eosin-stained tumor specimens,
in accordance with standard histopathological criteria.
Staging of the disease was conducted according to the
American Joint Committee on Cancer staging system
(AJCC/TNM, 6th edition). All patients were naive to
radiotherapy and chemotherapy before surgery.

Immunohistochemistry

Tissue samples were processed and evaluated under
identical conditions. Immunohistochemical staining of
paraffin-embedded tissue samples for leptin, Galectin-1,
Galectin-3, VEGF-C, and D2-40 was conducted as
previously described (13). Tissuesections were incubated
with primary antibodies: rabbit polyclonal anti-leptin
(PA1-052, TermoFisher Scientific, Massachusetts, USA;
1:1000 dilution), rabbit polyclonal anti-Galectin-1
(ab25138, Abcam, Cambrindge, UK; 1:2000 dilution),
mouse monoclonal anti-Galectin-3 (ab58086 Abcam,
Cambrindge, UK; 1:40 dilution), rabbit polyclonal anti-
VEGEF-C (Invitrogen, California, USA; 1:200 dilution),
and mouse monoclonal anti-D2-40 (ab77854, Abcam,
Cambrindge, UK; 1:200 dilution), respectively. Tissue
sections were treated with a biotinylated secondary
antibody, and the reaction product was visualized
using the avidin-biotin complex followed by Mayer’s
hematoxylin counterstaining.
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Negative controls were obtained by the same
procedure omitting the primary antibody incubation
step. Positive controls were tissue samples known to
contain the protein of interest. The tissue sections were
examined by conventional light microscopy (Axioskop
40, Carl Zeiss, Oberkochen, Germany).

Immunohistochemical scoring for leptin, Galectin-1,
Galectin-3 and VEGF-C

The quantification of markers expression was
determined semiquantitatively by three independent
observers who assessed the percentage of positive
stained cells and the staining intensity. The approximate
percentages of positive stained cells (percentage score,
PS) for leptin, Galectin-3, and VEGF-C expressions were
evaluated as the percentage of positive stained cells in
the whole tumor tissue, whereas PS for Galectin-1 was
evaluated as the percentage of positive stained cells
out of the total number of evaluated peritumoral cells.
In addition, staining intensity was measured by visual
assessment and defined as weak, moderate, or strong.

Also, the expression status of the investigated markers
was further analyzed using the Allred scoring system
(23). According to the Allred score, PS was classified into
six groups: PSO (0%), PS1 (0-1%), PS2 (2-10%), PS3
(11-33%), PS4 (34-66%), and PS5 (67-100%). Staining
intensity (intensity score, IS) was graded as follows:
0 (negative staining), 1 (weak intensity), 2 (moderate
intensity), and 3 (strong intensity). Then, the total score
(TS) was calculated as the sum of the PS and IS and
ranged from 0 to 8. TS <4 was defined as low expression,
whereas TS > 4 was defined as high expression.

Assessment of the lymphatic vessel density

The average lymphatic vessel density (LVD) in
tumor tissue was calculated by determining number of
D2-40-positive lymphatic endothelial cells. Positive
lymphatic vessels are considered vessels where the
endothelial cells were stained brown. The slides
were observed at magnifications of 40X and 100X to
determine spots with the highest number of positively
stained lymphatic vessels which are marked as ,hot
spots®. Immunostained lymphatic vessels were counted
in 3 ,hot spots® at higher magnification of 200X, and
the mean vessel count per field was recorded (24).
Further, according to the median value of LVD of study
participants, patients were classified into 2 subgroups:
high (> median) LVD and low (<median) LVD (25).

Measurement of circulating Galectin-1 and Galectin-3
levels

Venous blood samples were taken in vacutainer
tubes under sterile conditions, preoperatively, from 38
patients with CRC. Serum concentrations of galectins
were determined using human sensitive ELISA
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Table 1. — Clinicopathologic features of patients with CRC (n=120).

Parameters Number of patients (%)
Gender Male 84 (70)
Female 36 (30)

*TNM classification I 18 (15.0)

1A 50 (41.7)

1IB 3(2.5)

1A 4(3.3)

111B 18 (15.0)

mic 16 (13.3)

v 11 (9.2)
Lymph node No 73 (60.8)
metastasis Yes 47 (39.2)
Distant metastasis No 109 (90.8)

Yes 11 (9.2)
Vascular invasion No 70 (58.3)

Yes 50 (41.7)
Lymphatic invasion No 20 (16.7)

Yes 100 (83.3)
“TNM classification: Stage I - T1/2, NO, MO; Stage 1IA - T3, NO, MO;
Stage IIB - T4, NO, MO; Stage IT1IA - T1/2, N1, MO0; Stage I1IB - T3/4, N1,
MO; Stage IIIC — Any T, N2, MO; Stage IV —Any T, Any N, M1.

kits (Usnc Life Science Inc., China, for Galectin-1;
R&D Systems, MN for Galectin-3). Measurements
were performed according to the manufacturer’s
instructions.

Statistical analysis

Methods of descriptive statistics were used to
determine measures of central tendency and variability,
and results are presented as mean =+ standard error. To
determine the strength and direction of correlation
between variables, Pearson’s and Spearman’s
correlation coefficients were used. Two-tailed
Student’s t-test for independent samples was used to
determine statistically significant differences between
the means of two groups when data were normally
distributed, while the Mann-Whitney U-test was used
for not normally distributed data. The Chi-squared
test was used for determining the independence of
variables. A p-value less than 0.05 was considered
statistically significant. For data analysis, the SPSS
Statistics 20 software package was used.

Results

The connection of leptin, Galectin-1 and Galectin-3
with density of lymphatic vessels in tumor

The present study firstly examined whether leptin,
Galectin-1 and Galectin-3 levels in CRC patients
were associated with LVD, as a parameter for the

assessment of lymphangiogenesis. We found the
positive correlation between LVD and the intensity of
leptin (Spearman’s coefficient of correlation r=0.224;
p=0.017) and Galectin-1 (Spearman’s coefficient of
correlation r=0.198; p=0.030) expression (Fig. 1A).
The higher density of lymphatic vessels was observed
in CRC tissues with moderate and strong expression of
leptin or Galectin-1. On the other hand, there was no
association between tumor expression of Galectin-3
and LVD (Fig. 1A).

Further, LVD was classified into high and low
categories based on the median value. The median
of lymphatic vessel count for all CRC patients was
31.87, with the range of 0 to 86. Accordingly, CRC
patients were classified into 2 groups: high LVD
(>31.87) or low LVD (<31.87), and the serum galectin
concentrations were analyzed in relation to the LVD
category. There was no difference in serum Galectin-1
levels between CRC patients with high and low LVD
(Fig. 1B). Notably, Galectin-3 concentrations were
decreased in the group of patients with high LVD
(mean+SE: 3447.09+205.28 vs. 2818.41+£216.57 pg/
mL; p=0.043) (Fig. 1B).

Representative  immunohistochemical stainings
of leptin and D2-40 positive lymphatic vessels in
CRC lesions are shown in Fig. 1A and 1B. In the
previous study, we documented the different pattern
of expressions of Galectin-1 and Galectin-3 in
tumor tissue (13). As shown in Fig. 1A, leptin was
predominantly detected in the cytoplasm of tumor
cells and peritumoral stromal cells.
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Figure 1. — Relationship of leptin, Galectin-1 and Galectin-3 with LVD.
(A) The average count of LVD positively correlates with the intensity of leptin expression in CRC tissue. Representative tissue
sections illustrate leptin immunostaining (original magnification 200X) (left panel). A positive correlation was found between LVD
and tissue Galectin-1, while there was no significant relationship between LVD values and Galectin-3 in tumor tissue (right panel).
Correlations between variables were assessed using Spearman’s correlation coefficient. Marker expression was defined by intensity
score (IS): 0 (negative), 1 (weak), 2 (moderate), or 3 (strong). (B) Levels of circulating Galectin-3 were significantly decreased in the
group of patients with high LVD, as determined by the Independent samples T test (left panel). Representative images of LVD patterns
stained with D2-40 (low and high LVD) in CRC tissue (magnification 200X) (right panel).

VEGF-C correlates with leptin and Galectin-3, but not
with Galectin-1 expression in tumor tissue

Considering that VEGF-C makes the critical
contribution to tumor lymphangiogenesis, we
investigated the relationship between leptin,
Galectin-1 and Galectin-3, and this lymphangiogenic
mediator. The intensity of VEGF-C and leptin
expression positively correlated in CRC tissue
(Spearman’s coefficient of correlation 1r=0.281;
p=0.004) (Fig. 2A). However, no relationship between
VEGF-C and Galectin-1 expression was detected (Fig.
2C). On the other hand, the positive correlation was
observed between intensity of VEGF-C and Galectin-3
expressions (Spearman’s coefficient of correlation
r=0.301; p=0.002) (Fig. 2D).

VEGF-C expression was predominantly detected
in the cytoplasm of tumor cells, and representative
images illustrating VEGF-C immunostaining pattern
are presented in Fig. 2B.

High leptin expression is related to progression of CRC

The next goal of the current study was to determine
whether investigated biomarkers are relevant in
predicting tumor progression. We previously reported
that Galectin-1, but not Galectin-3, correlates with
a higher invasive and metastatic potential of CRC
(13). In order to determine whether leptin, VEGF-C,
and LVD contribute to local tumor invasiveness,
regional lymph node metastasis, and overall disease
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progression, we compared their expression status
with the pathohistological features of the tumor, the
N (nodal) category (NO, N1, and N2), and the stage
of the disease (sub-stages: I, IIA, IIB, II1A, IIIB, IIIC,
IV) according to the TNM classification. There were
no patients with TNM stage 0, which represents CRC
in situ. Here, the TS parameter (sum of PS and IS)
was used to evaluate the expression status of leptin
and VEGF-C.

While there was no difference in the percentage of
leptin expression determined by TS among patients
with or without vascular invasion (Fig. 3), there is a
trend of increasing frequency of patients with high
leptin expression (TS > 4) in the group with lymphatic
invasion. However, the significant association between
leptin and lymphatic invasion was not found (Fig. 3).

As shown in Fig. 4, leptin expression was strongly
associated with N status (2 test; p=0.047), as well
as with TNM sub-stage of CRC (y2 test; p=0.015).
In the group with high leptin expression (TS > 4),
a lower percentage of patients with NO status was
detected, while the frequency of patients with lymph
node involvement was increased, especially with N1
status (Fig. 4A). Namely, it seems that patients with
high leptin expression were more likely to develop
lymph node metastases. However, the association
between leptin expression and distant metastasis
was not significant (Fig. 4B). In both high- and low-
leptin expression groups, the most of patients did not
have confirmed metastases in distant organs. On the
other hand, high leptin expression was significantly
associated with TNM categories, though not with a
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Figure 2. — VEGF-C is strongly expressed in CRC patients with

moderate and strong expression of leptin and Galectin-3.
(A) There is significant positive correlation between intensity of
VEGF-C and leptin expression. (B) Representative images of VEGF-C
immunohistochemical staining (original magnification 200X). (C) There was
no correlation between VEGF-C and Galectin-1 expression. (D) There is
significant positive correlation between intensity of VEGF-C and Galectin-3
expression. p-value represents significant correlations between the examined
parameters, as determined by Spearman’s correlation test.
Marker expression was defined by intensity score (IS): 0 (negative), 1 (weak),
2 (moderate), or 3 (strong).
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Figure 3. — Expression of leptin according to TS was not associated

with signs of local CRC invasion.

There was no statistically significant association between leptin expression and
vascular (left panel) or lymphatic vessels invasion (right panel). p-values were
calculated using the Chi-square test.

Total score (TS; sum of PS and IS) < 4 was defined as low leptin expression,
whereas TS > 4 was defined as high leptin expression.

linear increase across all sub-stages (Fig. 4C). It can
be observed that higher leptin expression occurs more
frequently in patients with advanced sub-stages of
the disease (Fig. 4C). Parameters of CRC invasion
and metastatic progression were not associated with
VEGF-C or LVD in our study (data not shown).

Discussion

Lymphangiogenesis plays the essential role in
diverse pathological conditions, including tumors. One
of the main factors that promote lymphangiogenesis is
VEGF-C, which binds to VEGF receptor 3 (VEGFR3),
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Figure 4. — Association of leptin expression determined by TS with metastatic phenotype and TNM sub-stages in

patients with CRC.

Leptin expression was significantly associated with N status (A), but not with confirmed distant metastases (B). A significant
correlation between leptin expression and TNM sub-stage of disease in patients with CRC was observed (C). p-values were
determined using the Chi-square test.

Total score (TS; sum of PS and IS) < 4 was defined as low leptin expression, whereas TS > 4 was defined as high leptin expression.
N stage: NO — no regional lymph node metastasis, N1 — metastasis in 1 to 3 regional lymph nodes, N2 - metastasis in 4 and more
regional lymph nodes.

TNM classification: Stage I - T1/2, NO, MO0; Stage IIA - T3, NO, MO; Stage IIB - T4, N0, MO0, Stage IIIA - T1/2, N1, MO0, Stage 11IB
- T3/4, N1, MO; Stage IIIC — Any T, N2, MO; Stage IV —Any T, Any N, M1.

thereby promoting the proliferation and migration
of lymphatic endothelial cells and consequently the
formation of additional lymphatic vessels (22, 26).
In this way, VEGF-C provides routes for tumor cells,
enhancing metastasis to distant sites (27). Also, VEGF-C
stimulates tumor cell proliferation and migration, thus
contributing to tumor invasiveness (28, 29). The role
of leptin in lymphangiogenesis is indicative based on
the previous findings that its potential target, known as
nuclear protein MTA 1 (metastasis-associated protein 1),
is related to high LVD (22, 30). In fact, MTA1 is highly
expressed in various tumors, including CRC, and plays an
important role in tumor metastasis (31-33). Expression
of MTAL is significantly higher in CRC with detected
lymph node metastasis (22). Additionally, Du B et al.
demonstrated that MTA1 facilitates lymphangiogenesis
in human CRC by upregulating VEGF-C expression
(22). The role of multifunctional carbohydrate-binding
proteins, known as galectins, is well established in
tumor angiogenesis. On the other hand, limited data
regarding their impact on lymphangiogenesis suggest,
for example, that Galectin-8 may be critically involved
in corneal lymphangiogenesis through cross-talk
among VEGF-C, podoplanin, and integrin signalling
pathways (34). We previously reported that Galectin-1
was closely related to the local tumor invasiveness and
distant metastasis, whereas Galectin-3 was involved
in tumor-associated inflammatory processes (13).
However, their role in tumor lymphangiogenesis is still
not fully defined.

In the present study, LVD was associated with the
intensity of leptin and Galectin-1 expressions, but not
Galectin-3, in tumor tissue. Namely, the increased
LVD was significantly related to moderate and strong
expression of leptin and Galectin-1 (Fig. 1A). In
contrast to its tissue expression, serum levels of
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Galectin-1 did not change according to the degree of LVD
(Fig. 1B). Tumor Galectin-3 expression was not associated
with LVD (Fig. 1A), while serum concentrations of
Galectin-3 were significantly reduced in patients with
high LVD (Fig. 1B). Furthermore, we found that tissue
expression of leptin and Galectin-3, but not Galectin-1,
positively correlated with VEGF-C expression (Fig. 2).
The finding of a positive correlation between the intensity
of VEGF-C and leptin expressions (Fig. 2A) in this study
implicate that leptin might modulate VEGF-C-driven
lymphangiogenesis. In agreement with our data, Yang
WH et al. were first to describe a mechanism of leptin-
stimulated lymphangiogenesis by upregulating VEGF-C
expression in human chondrosarcoma cells (21). They
demonstrated that leptin stimulates VEGF-C expression
via the FAK/PI3K/Akt pathway and that leptin gene
deficiency significantly inhibits lymphangiogenesis in
vivo (21). Although we found a positive correlation
between leptin and VEGF-C, we cannot exclude the
impacts of other VEGF members in the process of
tumor lymphangiogenesis.

Despite the correlation between Galectin-1 and
LVD, the lack of a relationship between Galectin-1
and VEGF-C expression (Fig. 2C) may support the
notion that Galectin-1 promotes the formation of new
lymphatic vessels independently of the VEGF-C. In
this regard, genome-wide functional analysis revealed
that LGALSI, the gene encoding Galectin-1, may be
involved in promoting lymphatic vessel growth, as well
as maintaining the lymphatic endothelial cell phenotype
(35). Theseauthorshave furtherconfirmedthe importance
of Galectin-1 in supporting lymphatic endothelial cell
migration, remodeling, and lymphangiogenesis in vivo
(35). Also, Galectin-1 has been shown to participate in
the generation of new lymphatic vessels in a VEGF-C-
independent manner (35). Moreover, Williams S et al.
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indicated that Galectin-1 stimulates VEGF-A-induced
lymphangiogenesis through activation of VEGFR2
signalling in lymphatic endothelial cells (35). Another
possible mechanism by which Galectin-1 affects
lymphangiogenesis is its binding to CD44, known as
galectin-binding partner (36). CD44 is an adhesion
molecule for metastatic cells that also facilitate
attachment of these cells to the endothelium at distant
sites, thus potentiating the formation of metastases (37).
This cell surface molecule has 43% structural similarity
to the lymphatic vessel endothelial hyaluronan receptor
(LYVE-1), which is involved in lymphangiogenesis
(38). The high similarity between the CD44 and LY VE-
1 ligand-binding domains suggests that these receptors
may have similar functional characteristics (39).
Ozmen F et al. found a significant relationship between
the expression levels of CD44 and LYVE-1 genes,
supporting the hypothesis that these molecules play
an important role in the process of lymphangiogenesis
and lymph node metastasis in gastric cancer (40).
Accordingly, it can be speculated that a cross-linking
molecule, such as Galectin-1, might alternatively
influence the formation of new lymphatic vessels
through LY VE-1-mediated signalling pathway.

The present study demonstrated the positive
correlation between the intensity of Galectin-3
and VEGF-C expressions (Fig. 2D). Given the
lack of the association between tissue Galectin-3
expression and LVD values reflecting the degree of
lymphangiogenesis, it seems that Galectin-3 might
participate primarily in angiogenesis in a VEGF-C
manner. Literature data support the role of VEGF-C
in regulating angiogenesis by stimulating blood
vessel endothelial cells proliferation (41). Moreover,
Nilsson I et al. implicated the possibility that VEGF-C
activates angiogenic sprouts via VEGFR-2/VEGFR-3
heterodimers (42). VEGF-C and its receptor VEGFR-3
also were associated with angiogenesis in cancer (43,
44). Apart from VEGF-C, we previously found that
Galectin-3 positively correlated with serum IL-17 and
IL-23 levels (13), which also play significant roles in
promoting tumor angiogenesis (45-47). In addition,
the previous study implied that VEGF-C enhances
invasiveness of cervical cancer via upregulation of
Galectin-3 through NF-kB signalling (48). While
tumor Galectin-3 expression correlated positively with
VEGF-C intensity (Fig. 2D), reflecting a potential
role in local pro-angiogenic and lymphangiogenic
signalling, circulating Galectin-3  concentrations
were lower in patients with high LVD (Fig. 1B). This
apparent discrepancy indicates compartment-specific
regulation of Galectin-3, suggesting that Galectin-3
might be retained and functionally utilized within
the tumor microenvironment, thereby reducing the
amount detectable in circulation. Also, the divergence
between tissue and serum Galectin-3 emphasizes the
compartmentalized nature of galectin biology through
binding to glycosylated structures on endothelial cells or
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within the extracellular matrix, as well as internalization
and degradation in the local microenvironment (49).
This highlights that functional intratumoral activity
may coexist with reduced systemic availability and
warrants further validation in larger cohorts. The leptin,
Galectin-1 and Galectin-3 interactions with tumor
lymphangiogenesis are illustrated at Fig. 5.

Further, the Allred scoring system, which combines
percentage score and intensity score, was used to assess
the clinical significance of leptin expression status.
Leptin is a multifunctional adipokine related to obesity
as a potential risk factor for CRC development by
controlling numerous processes, including metabolism
(50). The association of leptin signalling and genetic
variation with obesity and CRC is well known (50).
Several studies reported that leptin could be an
important player in tumor invasion and metastasis
(51). Here, we observed an increased frequency of
high leptin expression (TS > 4) in the group of patients
with lymphatic invasion, but no association was
found between tumor leptin expression and invasion
of lymphatic vessels (Fig. 3). Although Healy et al.
revealed that serum leptin levels were associated with
microvascular invasion (52), in the present study, the
relationship between high leptin expression in tumor
tissue and blood vessels invasion was not observed
(Fig. 3). Several lines of evidence implicate that tumor
expression of leptin and its receptor Ob-R correlate with
aggressive characteristics of CRC, such as tumor stage,
depth of bowel wall invasion, lymph node metastasis,
and distant metastasis (53, 54). In accordance with
these reports, the present study demonstrated that leptin
expression is strongly associated with stages of lymph
node metastases and disease stage in CRC. Frequency of
patients with lymph node involvement, especially with
N1 status, was increased in the group with high leptin
expression (Fig. 4A). Unfortunately, the association
between leptin expression and distant metastasis did not
reach statistical significance due to a small number of
patients with confirmed metastases (Fig. 4B). Observing
the TNM classification context, we demonstrated that
high leptin expression was significantly associated with
TNM sub-stages (Fig. 4C). It is important to note that
the association between leptin expression and disease
progression should be interpreted at the categorical
level. High leptin expression was linked with nodal
involvement and advanced TNM categories overall, but
not with a stepwise increase across every sub-stage. The
apparent irregularities in percentages between Stage I
vs. HA/IIB or IIIA vs. IIB/HIC/IV likely arise from
the modest number of patients within each group and
the inherent heterogeneity of the TNM classification,
which combines distinct T and N categories. These
fluctuations therefore do not contradict the overall
significance of the associations, but rather highlight the
need for larger, stratified cohorts. Li C et al. suggested
that leptin can predict clinical outcomes in patients with
CRC (55). Namely, the authors showed that leptin was
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Figure 5. — Schematic illustration showing the potential impact of leptin, Galectin-1, and Galectin-3

on tumor lymphangiogenesis.
Higher tissue expression of leptin and Galectin-1 corresponds with pro-lymphangiogenic mediators in tumor,
resulting in the development of new lymphatic vessels and subsequent tumor expansion. Namely, tissue leptin
increases LVD by upregulating VEGF-C expression in tumor, while the action of tissue Galectin-1 in lymphatic
vessel formation appears to be independent of VEGF-C signaling (yelow arrows). Additionally, Galectin-3
expression is higher in tumor tissue, whereas its concentration in serum is decreased. Speculatively, tissue
Galectin-3 may be involved in either angiogenic or lymphangiogenic processes through upregulation of VEGF-C
(dotted arrow). In tumors with high LVD, Galectin-3 may become sequestered within the extracellular matrix or
bound to multiple ligands in the intra- and extracellular environment, as well as to glycoconjugates on lymphatic
and blood vessel endothelial cells, thereby enhancing local signaling while reducing the fraction available to
circulate systemically.
tLeptin - tissue leptin; tGal-1 - tissue Galectin-1; tGal-3 - tissue Galectin-3; sGal-3 - serum Galectin-3; LVD -
lymphatic vessel density; MVD - microvessel density.

significantly correlated with the stage of metastasis
and lymph node involvement, and that strong leptin
expression is independent adverse prognostic marker in
CRC.

Conclusion

The obtained results revealed a novel potential role
of leptin and Galectin-1 in the stimulation of tumor
lymphangiogenesis through both VEGF-C-dependent
and VEGF-C-independent signalling pathways (Fig. 5).
In addition to lymphangiogenesis, high leptin expression
reflected a more aggressive phenotype of CRC.
Although there were limitations in the present study
due to the relatively small number patients and unequal
sample sizes for the comparison of disease progression,
we believe that our findings warrant further evaluation
of the role and precise mechanisms underlying leptin-
and Galectin-1-mediated lymphangiogenesis. Larger-
scale studies and different types of tumors are needed to
further validate our findings.
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