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ABSTRACT

Endometriosis is characterized by the presence of glands or stroma similar to endometrial tissue outside of 
the uterine cavity, more particularly ovaries and pelvic peritoneum. Retrograde menstruation is the most likely 
cause of endometriosis development. The simultaneous formation of a vascular network is critical, thus making 
angiogenesis a key event in the pathology of endometriosis. Galectin is a β-galactoside-binding protein that has a 
significant influence on angiogenesis. In the reviewed study, the vascular density and expression of pro-angiogenic 
components, such as vascular endothelial growth factor and vascular endothelial growth factor receptor-2, were 
increased in endometriotic lesions of wild-type animals when compared to galectin-3 (Gal-3) deficient animals. 
Additionally, the macrophage population in the site of endometriosis implants was markedly decreased in Gal-3 
knockout mice. Furthermore, some findings suggest that Gal-3 expression favors macrophage migration and M2 
polarization in endometriotic lesions. The study also characterized Gal-3 as a potential target for endometriosis 
treatment. This is important in light of the abundant research that demonstrates that modified citrus pectin is a Gal-
3 inhibitor with numerous health benefits.

INTRODUCTION
Endometriosis is a benign gynecological disease 
associated with pelvic pain and infertility that affects 
6-10% (over 176 million) women of reproductive age1, 

2 and 30-50% of infertile women worldwide.3 This 
disease is characterized by the presence of glands and/
or stroma similar to endometrial tissue outside of the 
uterine cavity,4, 5 more particularly ovaries and pelvic 
peritoneum.6

Although endometriosis is widely studied, there is 
still no consensus on the genesis of the disease.1 
Retrograde menstruation is the most accepted theory 
for endometriosis development. It proposes the 
development of ectopic implants from fragments of 
the endometrium that by retrograde menstrual flow 
extravasate into the peritoneal cavity and adhere 
to affected sites.7 After that, the formation of a 
vascular network is critical for cell proliferation and 
the establishment of the endometriotic lesion. In this 
context, the angiogenesis is a key event contributing 
to development and maintenance of endometriosis.8

Galectin is a β-galactoside-binding protein and has a 
significant influence on angiogenesis. Nangia Makker 
et al.9 showed that galectin-3 (Gal-3) could stimulate 
angiogenesis in vitro by a matrigel tube formation 
assay with human umbilical vein endothelial cells 

(HUVEC cells) and in vivo by increasing vascular 
density in murine tumors induced by lineages of breast 
tumor cells expressing this lectin. Also, endothelial 
cells in tumors exhibit higher Gal-3 expression 
than endothelial cells present in non-tumor tissues, 
suggesting the participation of this molecule in vessel 
formation/maintenance.10, 11

Gal-3 is also related to cell embryogenesis, adhesion, 
differentiation and proliferation, apoptosis, mRNA 
splicing, and regulation of the immune system 
response. The participation in all these processes has 
suggested a role for Gal-3 in disease promotion and 
development, including endometriosis.12, 13 Noël et 
al.14 evaluated the expression of this lectin in human 
endometriotic lesions and showed that Gal-3 is 
overexpressed in peritoneal endometriosis, deep and 
infiltrating lesions, and the eutopic endometrium of 
women with endometriosis compared to the eutopic 
endometrium of women without endometriosis. 
These data suggest a possible role for Gal-3 in the 
development and maintenance of endometriosis.

The anti-angiogenic effect of Gal-3 inhibition was 
previously reported in tumor models. Purified 
recombinant Gal-3 carbohydrate recognition domain 
(Gal3C) inhibited endothelial cells tubule formation  
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in vitro, suggesting a potential use as an anti-angiogenic 
factor in vivo.15 Thus, Gal-3 may be a potential target 
for the treatment of endometriosis.

Citrus pectin is a soluble dietary fiber derived from 
the white pith of citrus fruit peels. It can be modified 
(MCP) with a specific pH and heat controlled enzymatic 
treatment to yield a product with a low molecular 
weight of <15 kilodaltons (kDa) and a degree of 
esterification under 5 % so that it can be absorbed from 

the small intestinal epithelium into the circulation.16 
Research on MCP has reported wide-ranging benefits, 
much of which relates to its antagonism of Gal-3.17 
Thus, it is reasonable to assume that Gal-3 inhibition 
with MCP would be a rational therapeutic strategy in 
the setting of endometriosis.

This white paper highlights a pivotal study regarding 
the role of Gal-3 and its inhibition of angiogenesis in 
endometriosis.

SELECTED RESEARCH REVIEW
Galectin-3 plays a vital role in endometriosis development and is a target to endometriosis treatment18

Wild-type (WT) and Gal-3-deficient (Gal-3 -/-) female BALB/c mice (20 g and eight weeks of age) were used in the 
experimental induction of endometriosis. Mice were anesthetized, the abdomen was opened, and one uterine horn 
was removed, segmented, split longitudinally, and sectioned in two pieces, being implanted one piece on each side 
of the ventral abdominal peritoneum wall, and the abdomen was closed. After 28 days, ventral midline laparotomy 
was performed to evaluate the viability and the area of endometrial explants macroscopically. Endometriotic 
implants of WT and Gal-3 -/- BALB/c mice were analyzed for adhesion, development, and size. After this analysis, 
the lesions were collected and distributed in two groups for histological examination and protein extraction.

The macroscopic analysis revealed a success rate of 94.7% in WT lesions development, while in Gal-3 -/- the success 
rate was significantly lower (Fig. 1E). Gal-3 expression was associated with a higher risk (approximately 11-fold) of 
endometriosis development. Macroscopic evaluation (Figs. 1A,B) also showed that the size of developed lesions 
significantly differed between the two experimental models, with more extensive lesions in WT animals (Fig. 1F).

Morphologically the developed implants were similar to human endometriosis, with cystic characteristics and 
presence of inflammatory liquid in its interior. Histological analyses revealed that implants that emerged in both mice 
lines presented a simple columnar epithelium associated with an extensive, very cellular, and abundantly vascularized 
stroma (Figs. 1C,D).

Also, Gal-3 distribution was not observed in tissues obtained from Gal-3 -/-, while the expression was positive in 
WT animal tissues, with a greater distribution in endometriotic lesions (Fig. 2).

Vascular endothelial growth factor (VEGF) and vascular endothelial growth factor receptor-2 (VEGFR-2) 
immunoreactivity were observed in the endometriotic lesions, mainly in stromal and vascular endothelial cells.  
Immunohistochemical analysis showed a higher VEGF and VEGFR-2 expression in WT endometriotic lesions 
(Figs. 3A, B, respectively) compared to Gal-3 -/- (Figs. 3D,E respectively). These results were confirmed by 
histomorphometry evaluation (Figs. 3G, J), protein expression analysis (Figs. 3H, K), and ELISA analysis of peritoneal 
fluid (Fig. 3I respectively).
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Moreover, cluster of differentiation 31 (CD31) immunodistribution analysis revealed a greater vascular density in 
WT endometriosis compared to Gal-3 -/- lesions (Figs. 3C, F). Histomorphometric analysis showed a significant 
higher vascular density in WT lesions (Fig. 3L).

Since endometriosis is an inflammatory disease, and macrophages are important inducers of angiogenesis, the 
presence of these cells was evaluated in developed lesions. F4/80 positive cells analysis revealed a higher amount 
of macrophages in WT lesions (Fig. 4A) compared to Gal-3 -/- lesions (Fig. 4B). This result was confirmed by 
histomorphometric analysis (Fig. 4C).

After these findings, the subpopulations of these cells were investigated. For this purpose, the distribution of inducible 
nitric oxide synthase (iNOS), a marker of M1 macrophages, and arginase-1, a marker of M2 macrophages, were 
evaluated. This analysis revealed a significantly higher presence of iNOS positive cells in the endometriotic lesions of 
Gal-3 -/- animals (Figs. 4E,F), while the number of arginase positive cells was higher in the WT lesions (Figs. 4G,I).

Since the lesions were lower in Gal-3 -/-, the use of a recombinant Gal3C was tested in the endometriosis model 
(Fig. 5A). All BALB/c mice used in this analysis presented viable cystic and well-vascularized lesions 28 days after 
endometrial tissue transplantation (Figs. 5B, C). The endometriotic implants were suppressed in X/7 animals 
treated with Gal3C (Figs. 5E, H) compared to the control group (Fig. 5D). In addition, lesions area and weight were 
significantly reduced in the Gal3C group (Figs. 5I, J). The histopathological analysis of the control group showed 
stroma and endometrial glands with a remarkable vascularization (Fig. 5F), while the treatment with Gal3C notably 
promoted the atrophy and regression of the lesions (Fig. 5G). 

The animals receiving Gal3C treatment did not exhibit signals of induced toxicity, based on food consumption, 
body weight, weight and size of the liver, glycemia, creatinine, urea, aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) plasma levels (Fig. 6).

VEGF and VEGFR-2 immunoreactivity were localized in the endometriotic lesions, notably in the glandular 
epithelium, stromal cellular cytoplasm, and the vascular endothelial cells. Furthermore, the expression of these 
angiogenic markers was reduced in the Gal3C treated group (Figs. 7B,E) compared to the control (Figs. 7A,D). 
These data were confirmed by histomorphometric evaluations (Fig. 7C) and quantitative real-time PCR of VEGF and 
kinase insert domain receptor (KDR) mRNA transcripts (Fig. 7F). CD31 immunostaining was also performed, and 
a decrease of vascular density was observed in the Gal3C treated group (Fig. 7H). These data were confirmed by 
histomorphometric evaluations (Fig. 7I).

Finally, there was a significant decrease of F4/80-positive cells and cyclooxygenase 2 (COX-2) and transforming 
growth factor-beta 1 (TGFβ1) expression in endometriotic lesions of the Gal3C treated group (Figs. 8B, E, G) 
compared to the control group (Figs. 8A, D, G). The histological scores of F4-80 and COX-2 immunostaining 
confirmed these data (Figs. 8C,F).
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Figures 1A-F.  Development of endometrial implants in WT and Gal-3 −/− BALB/c mice. Macroscopic view of endometriotic 
lesions developed in peritoneum of WT (A) and Gal-3 −/−mice (B) after 30 days of implant. C and D. Histological analyzes 
revealed that implants that developed in both mice lines presented a simple columnar epithelium associated to an extensive, 
very cellular and abundantly vascularized stroma, similar to the characteristics of a eutopic endometrium, allowing the 
histopathological confirmation that the implants formed endometriotic lesions (C is WT group and D is Gal-3 −/− mice group). E. 
The distribution of developed endometriotic lesions was significantly different between the two groups. F. Size of endometriotic 
lesions developed were significantly higher in WT compared with Gal-3 −/− mice.

Figures 2A-E.  Gal-3 expression and 
distribution in the eutopic endometrium 
and peritoneal endometriosis of WT and 
Gal-3 −/− mice. Gal-3 expression in eutopic 
endometrium of WT and Gal-3 −/− mice by 
Western Blot (A). Gal-3 immunodistribution 
in eutopic endometrial sections of WT 
and Gal-3 −/− mice (B and D, respectively) 
and peritoneal endometriosis of WT (C). 
Gal-3 distribution was not observed in 
tissues obtained from Gal-3 −/− mice, 
while the expression was positive in WT 
animal tissues, with a greater distribution in 
endometriotic lesions. Negative control of 
the immunohistochemical reaction (E).
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Figures 3A-L.  Angiogenic process analysis in WT and Gal-3 −/− mice. Immunodistribution of VEGF and VEGFR-2 in WT (A and B, respectively) 
and Gal-3−/− mice (D and E, respectively) endometriosis. Quantification of VEGF and VEGFR-2 immunodistribution (G and J, respectively). 
Analysis of VEGF and VEGFR-2 expression in WT and Gal-3 −/− mice endometriosis (H and K, respectively). VEGF concentrations were 
measured by ELISA in peritoneal fluid of WT and Gal-3 −/− (I). Immunodistribution of CD31 in WT (C) and Gal-3 −/− (F) endometriosis. A greater 
number of CD31 positive vessels were observed in WT endometriosis (L).

Figures 4A-I.  Macrophage population 
analysis in WT and Gal-3 −/− mice. 
Immunodistribution of F4-80 positive cells 
in WT (A) and Gal-3 −/− (B) endometriosis. 
Quantification of F4-80 positive cells 
(C). Immunodistribution of iNOS and 
arginase positive cells in WT (D and G) 
and Gal-3 −/− (E and H) endometriosis. 
Quantification of iNOS and arginase 
positive cells (F and I, respectively).



*This material is being provided to health care professionals and it is not intended to be used in marketing to customers.  |   www.betterhealthpublishing.com  |  707.583.8619

GALECTIN-3, MODIFIED CITRUS PECTIN, & ENDOMETRIOSIS RESEARCH HIGHLIGHTS

Figures 5A-J.  Morphological characteristics of peritoneal endometriotic lesions in control and Gal3C treated groups. Schematic 
representation of endometriosis experimental mice model and Gal3C treatment (A). Macroscopic view of implants in the peritoneal cavity 
wall before treatment (B and C). Macroscopic view of lesions after treatments (D and E). In the control group (D), the endometriotic lesions 
were cystic, resembling human peritoneal endometriosis. In the Gal3C group (E), a marked decrease in the growth of the lesions was 
visualized. Histologically, the control group (F) observed the presence of endometrial glands (*) and stromal cells (#). The Gal3C group (G) 
showed tissue atrophy and regression of lesions (→). (H) Percentage of endometriotic lesions before and after treatment in the control and 
Gal3C groups. Measurements of the lesion area (I) and weight (J) demonstrated a statistically significant difference between the groups.

Figures 6A-H.  No toxicity was observed in the Gal3C treated group. No evidence of toxicity was noted between the treated Gal3C animals 
and the control based on body weight (A), liver weight (B) and size (C), glycemia (D), serum creatinine (E), serum urea (F), serum AST (G) and 
serum ALT (H).
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Figures 8A-F.  Gal3C decreases macrophage number and inflammatory markers in endometriotic mice. F4-80 immunoreactivity (A and B) 
revealed a higher number of macrophages in the stroma (#), primarily around the glandular epithelium of control lesions (*), and was significantly 
reduced in Gal3C treated lesions (→). C. Histomorphometry evaluations of F4-80. COX-2 immunoreactivity was detected predominantly in 
the glands (*) and surrounding the stroma (#) in the control group (D) and was reduced in Gal3C treated lesions (→) (E). F. Histomorphometry 
evaluations of COX-2. G. TGF-β mRNA transcripts in the control group were significantly higher than the Gal3C group.

Figures 7A-I.  Gal3C decreases 
angiogenesis markers in endometriotic 
mice. The immunoreactivity of VEGF and 
VEGFR-2 were detected predominantly 
in the glands (*) and surrounding the 
stroma (#) in the control group (A 
and D). The treated group (B and E) 
exhibited a significant decrease in 
immunoreactivity of VEGF and VEGFR-2 
(→). C. Histomorphometry evaluations of 
VEGF and VEGFR-2. F. VEGF and KDR 
mRNA transcripts in the control group 
were significantly higher than the Gal3C 
group. Immunodistribution of CD31 (→) 
in the control (G) and treated group (H). A 
significantly decreased number of CD31 
positive vessels were observed in treated 
group lesions (I).
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SUMMARY 
An overexpression of Gal-3 in the endometriotic tissue of wild-type animals correlates with the observation 
that Gal-3 knockout mice presented markedly lower frequency of endometriotic lesions development. Gal-3 
expressing animals were more than 11 times more prone to endometriosis.

Angiogenesis is a pivotal event in several pathologies, including endometriosis, and Gal-3 seems to be involved 
with the regulation of angiogenic factors. The vascular density and expression of pro-angiogenic components, 
such as VEGF and VEGFR-2, were increased in endometriotic lesions of wild-type animals when compared to 
Gal-3 deficient animals. These results suggest that high expression of Gal-3, observed in endometriotic lesions, 
contributes to the extensive vascular formation observed in this disease.

The endometriotic lesions’ microenvironment was also modified by the absence of Gal-3, contributing to 
decreased angiogenesis. The macrophage population in the site of endometriosis implants was markedly 
reduced in Gal-3 knockout mice.

The presence of iNOS positive cells, a marker of M1 macrophages, was higher in endometriotic lesions 
developed in knockout animals, whereas more arginase positive cells (an M2 marker) were found in wild-type 
animal lesions. These findings suggest that Gal-3 expression favors macrophage migration and M2 polarization 
in endometriotic lesions.

This study also characterized Gal-3 as a potential target for endometriosis treatment. Using recombinant 
Gal3C, it was shown that Gal-3 inhibition was able to reproduce the results observed in Gal-3 knockout 
mice, exhibiting the regression of lesions, and associated with the decrease of angiogenic markers VEGF 
and VEGFR2, vascular density, and macrophage population. Moreover, it was demonstrated that the Gal3C 
treated group had a decreased expression of TGFβ1, which correlates with the VEGF expression reduction and 
macrophage M1 polarization. It was also shown that Gal3C treatment decreased COX-2 expression, which 
reinforces the role of Gal-3 in angiogenesis and inflammatory modulation of endometriosis.

MCP is known to inhibit Gal-3 and exhibit pleiotropic health benefits.17 MCP might also play an important role in 
endometriosis treatment, inhibiting lesion development by reducing angiogenesis and the inflammatory process.
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