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Abstract

Galectins are the member of soluble proteins that bind with B—galactoside containing glycans. These proteins
have been considered to be associated in various important events such as different types of cancers. It has
been found that galectins could contribute to neoplastic transformation or regulate cell growth, cell apoptosis,
and immune cells, causing tumor invasion, progression, metastasis and angiogenesis. Somehow, galectins are
also found to exert a protective effect on cancer in a tissue-dependent way. These glycans binding proteins have
been shown to be involved in the regulation of different tumor suppressor genes and oncogenes with their
possible roles in human cancers. Objective of the current review is to summarize the role of galectin-1, -3 -7,
and -9 in tumorigenesis of gynecological cancers. Galectin protein may be a potential therapeutic target in
gynecological malignancies due to reported radio- and chemo- sensitivities, immunotherapeutic,
anti-angiogenic and anti-proliferative activities. This review considers the evidence for the future research that
how galectins may be important in the progression and treatment of gynecological cancers along with its potent

use as a novel prognostic marker.
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Introduction

Galectins are the S - type of lectins highly
expressing in macrophage of immune system. These
proteins are well known to bind with p-galactoside
glycoprotein residues with the carbohydrate recogni-
tion domain (CRD). There are 15 different subtypes in
this family that have been identified in a wide variety
of human cells and tissues.

Elevated level of several galectin members in
cancer patients modifies immune surveillance thereby
contributing to tumor metastasis and progression .
Various crystal structures of galectins have been
elucidated, representing that these proteins hold at
least a single preserved domain of approximately 130
amino acids selected as the CRD that is subjected for
their carbohydrate-binding functions 2. Different
galectins share a conserved CRD, which could be
unique or repeated 3. Based on the structures of
galecins, they have been divided into three
subgroups: the prototype sub-family (galectin-1, -2, -5,
-7, -10, -11, -13, -14 and -15) which has unique CRD,

the tandem-repeat sub-family (galectin-4, -6, -8, -9 and
-12) which contains double non-identical CRDs with
short peptide sequence and the chimera-type
(galectin-3) which is comprised of an unusual proline,
extended N-terminal tail, tyrosine and abundant
glycine domain connected with CRD 4.

Galectins are present inside the cytosol, closed to
the cellular membrane, or in the extracellular space,
showing that they are probably released via non-
classical secretory pathways, which needs to be
elaborated in the future. The galectin proteins located
within the cytoplasm and nucleus sections have
several intracellular properties like transition of
signaling pathways, controlling of RNA splicing,
intracellular regulation of apoptotic signaling,
endocytic machinery and trafficking > Galectins are
prone to homodimerize and oligomerize, which is a
vital feature of them that increases the glycan binding
valency and interaction of galectins with multiple
glycoconjugates ¢ 7.
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A. Three types of galectin structure
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Fig. 1 (A) Galectin family and structure (B) The intracellular functions of galectins. (a) The tandem-repeat sub-family, which contains two non-identical
CRDs with short peptide sequence, (b) the prototype subfamily, which has single CRD and (c) the chimera-type, which was composed of an unusual proline, extended

N-terminal tail, tyrosine and abundant glycine domain connected to the CRD.

Multiple studies have reported that the
concentration of the galectins and their subgroups
were significantly increased in several human cancers
such as: gastric, colorectal, lung, prostate, bladder,
head-neck cancers and melanoma®2. The frequently
reported galectin subtypes so far in gynecological
cancers are galectin-1, -3, -7 and -9. Galectin-1 is a
homodimeric protein composed of 14.5 kDa subunits
13 that binds cells outside to matrix and other cells,
thus promoting cell proliferation and motility 4. It has
been revealed that this protein is involved in
multivalent components that cluster cell surface
glycoproteins'>, angiogenesis’®, and cross-link
receptors!’; promote T cell apoptosis 18, inhibit various
aspects of T cell effector functions 1° and form lattices
in larger aggregates 2. Galectin-3 is expressed by
macrophages, activated T cells, fibroblasts, epithelial
and tumor cells, and eosinophils, mediating anti-
apoptotic signaling 2!. The functions of galectin-3 are
associated with diverse types of acute and chronic
inflammatory responses (microbial infection, asthma,
liver injury and fibrosis) 2, oxidative stress, heart
failure 2, angiogenesis * and cancer metastasis 2. In
addition, galectin-7 is a 15-kDa proto-type protein,
whose expression is mostly restricted to squamous
epithelial, epidermal and stratified epithelial cells 2627
This protein contributes to either neoplastic transfor-
mation or tumor progression via regulation of cell
development, cell migration, angiogenesis, apoptosis

and radiation response or a preventive outcome in
cancer 2. Galectin-9 belongs to the tandem-repeat
subfamily of galectins, which contain two different
CRD domains separated by a flexible linker 2. Several
researches have confirmed that galectin-9 might be
involved in the formation and metastasis of human
tumors such as breast cancer, and played a crucial role
in the development and prognosis of malignancies 30
(Fig. 1).

Recently, numerous effects have been made to
investigate the role of galectins in specific gynecolog-
ical malignancies including cervical, ovarian and
endometrial cancers. Thus, this article will focus on
three issues listed as below: (1) altered galectin-1, -3,
-7 and -9 expressions and the risk of gynecologic
cancers progression; (2) the capability of these
galectins as a promising target for treatment in
gynecological malignancies; (3) galectins may be
important as the novel potential prognostic marker
for gynecological cancers.

The role of galectin-1 in gynecological
cancers

Cervical cancer

Expression and role of galectin-1 in cervical cancer

Several experimental model systems have been
conducted to explore the expression and the role of
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galectin-1 in cervical cancer. For example, one group
suggested that galectin-1 expression was higher in
cervical cancer, and may thus favored different
biological behaviors 31. Furthermore, some immuno-
histochemical studies detected increased galectin-1
expression in intracellular tumor (nuclei and
cytoplasm) portion, peritumoral stromal portion 3% 33
and extracellular stromal portion 3" 3, or in fibrocytes
and fibroblasts in the stroma % of cervical cancer.
Conversely, these studies had shown negative or
absent expression of galecin-1 in normal cervical
tissue samples. Additional evidence revealed that
knock-down of galectin-1 with siRNA could limit the
proliferative and invasive capability of cervical cancer
cells in vitro. Moreover, immunohistochemistry (IHC)
further illustrated that up-regulation of galectin-1 was
linked with lymph node metastasis and increased
intensity of tumor invasion in cervical cancer.
Consistently, Kohrenhagen et al. showed that positive
galectin-1 immunohistochemical staining intensity in
cervical stromal cells was higher according to the
pathological grade, in particular, significant number
of these cells with highly expressed galectin-1 were
most frequently noticed in high grade squamous
intraepithelial lesions (HGSIL, 17/20) and invasive
squamous cell carcinoma (ISCC, 19/20) 3.
Nonetheless, epithelial cells were found with negative
galectin-1 expression. On the contrary, in low grade
squamous intraepithelial lesions (LGSIL), the galectin-
1 expression had low intensity (10/20) and majority of
the normal cervical tissues (12/20) had no galectin-1
expression. Thus, it was revealed that the expression
of galectin-l was markedly increased in ISCC
compared with normal cervical tissues and LGSIL.
When four of distinct histopathologic level of cervical
samples were compared with the positive staining of
high galectin-1, the results displayed that the number
of positive samples were gradually increased
according to the pathological grade i.e. from normal
cervical tissues to LGSIL, HGSIL and ISCC (normal
cervical tissue <LGSIL <HGSIL <ISCC), indicating
that overexpression of galectin-1 in cervical cancer
was associated with the progression of cervical
neoplasia.

Therapeutic potential of galectin-1 in cervical cancer

In our previous study, we revealed that the level
of galectin-1 in stage IB-IIA cervical cancer specimens
was significantly decreased after mneoadjuvant
intra-arterial chemotherapy (uterine artery injection of
cisplatin 60mg/m? + 5-flurouracil 750 mg/m? +
mitomycin C 8 mg/m?) therapy, using western blot
results 33. When compared to galectin-1 knock-down
cells transfected with scrambled RNA or galectin-1
siRNA, Hela cells with overexpression of galectin-1

transfected with green fluorescent protein (GFP)
vector and galectin-1 cDNA had significantly higher
surviving fractions after being treated with 0, 2, 4, 6 or
8 Gy of irradiation 48 h 3¢. In addition, the clonogenic
viability of HelLa cells was increased by high
expression of galectin-1, while its knock-down did not
change clonogenic viability in C33A (weak galectin-1
expression) cells. The result showed that
overexpression of galectin-1 could inhibit radiation
mediated cell death in these cells. Furthermore, the
evidence speculated that neither galectin-1
knock-down decreased the clonogenic viability of
HelLa cells with H-Ras knock-down nor
overexpression increased viability of C33A cells with
H-Ras knock-down. However, clonogenic viability of
HelLa cells was significantly lowered with galectin-1
knock-down or transfection with constitutively active
H-Ras at greater dose, protecting HeLa cells from
radiation-mediated cell death. Galectin-1 knock-down
with galectin-1 shRNA also inhibited the impact of
phosphorylated Raf-1 and signal regulated kinase
function following irradiation, whereas in C33A cells,
these effects were increased by the galectin-1
overexpression. The study has also exhibited that
galectin-1 knock-down in HeLa cells following 4 and
24 h irradiation led to severe DNA damage and
overexpression decreased the damage in C33A cells.
After 4-h irradiation, down-regulation of galectin-1
promoted the expression of y-H2AX (DNA damage
marker) than in scrambled RNA transfected cells, and
overexpression of galectin-1 decreased the y-H2AX
expression in C33A cells. Thus, the study indicated
that galectin-1 mediated the radio-resistance in
cervical cancer through H-Ras dependent pathways
and was involved in DNA damage repair, therefore
aiming on galectin-l may be regarded as a
radio-sensitizing therapy for cervical cancer.

Tumor infiltrating lymphocytes (y0TILs) was
broadly applied in clinical research due to the
adoptive immunotherapy function, inhibiting early
stages of tumor development and limiting the
progression of cancer ¥. Li et al. demonstrated that
galectin-1 significantly enhanced the cytotoxicity of
yOTILs in both SiHa and Hela cell lines incubated
with the inhibitors of galectin-1 (either lactose or
galectin-1 antibody), compared with the control
(medium only) and isotype IgG of anti-galectin-1 3.
The co-treatment of yOTILs and galectin-1 antibody in
cervical cancer xenografted severe combined
immunodeficient mice could apparently decrease
tumor growth in comparison with control (without
treatment) after intra-tumoral injection every 3 days
and 10 times in total. Intriguingly, galectin-1 antibody
used alone also inhibited tumor proliferation in vivo
after 30-days implantation of SiHa cells. In addition,
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combined administration of these two agents was
more efficient than one of them as monotherapy.
Hence, galectin-1 antibody can act as a reliable
immunotherapy for cervical cancer patients.

In our recently published study, we observed
that cervical cancer tissue both in tumor cell and
stromal cell consistently showed high galectin-1
expression before treating with cisplatin-based
chemotherapy, whereas the expression was decreased
after chemotherapy %. It was determined that chemo-
therapy down-regulated the expression of galectin-1
in both cells (stromal and tumor) of cervical cancer
patients, suggesting that galectin-1 protein was
responsible for the cisplatin-based chemo-sensitivity.
In addition, galectin-1 expression in stromal cells was
significantly lower in the chemotherapy responding
group than that in non-responding group, which
highlighted that overexpression of galectin-1 in
stromal cells was more resistant to cisplatin-based
neoadjuvant therapy. Thus, galectin-1 expression may
act as a potential predictive biomarker to
cisplatin-based neoadjuvant therapy response in
cervical cancer patients.

Role of galectin-1 in the prognosis of cervical cancer

It had been anticipated that changes in the levels
of galectin-1 might determine the prognosis of
cervical cancer. Compared with the clinicopatho-
logical findings, Kim et al. exhibited that galectin-1
was not associated with progression free survival
(PFS) in patients with cervical cancer 32. The 5-year
PFS for patients with low galectin-1 expression was
84%, whereas for high galectin-1 expression was
73.2%. In another study, the receiver operating
characteristics curve analysis indicated a better
predictive ability of galectin-l expression in
specimens of cervical squamous cell carcinoma (SCC,
stage I-1I, after radiation therapy) for local recurrence
(LR) and cancer specific survival (CSS) than stromal
expression 3. However, the expression of galectin-1 in
the cancer cells and in the stroma cells did not predict
distant metastasis. The univariate study displayed
that galectin-1 expression in SCC was associated with
both LR and CSS. The 10-year LR rates were 7.5% (no
expression), 18.7% (weak expression) and 34.5%
(moderate to strong expression) in tumor cells with
galectin-1 expression, respectively. The correspon-
ding 10-year CSS rates were 90%, 81.3% and 67.8%
respectively, while corresponding distant metastasis
rates were 11.3%, 10.7% and 15.8% respectively. But
stromal galectin-1 expression in cervical cancer was
not dramatically associated with LR, CSS, or distant
metastasis. Subsequently, Punt et al. 3 revealed
similar results with Kaplan Meier survival curve and
found that strong expression of galectin-1 in tumor

cells was significantly correlated with poor
disease-free and disease-specific survival in patients
with squamous cervical cancer.

Ovarian cancer

Expression and role of galectin-1 in ovarian cancer

Overexpression of galectin-1 was predominantly
noted in peritumoral stroma samples and cytoplasm
of epithelial ovarian cancer (EOC) cells, whereas it
was not detected in all the analyzed normal ovarian
tissues 404, In histological subtypes, cytoplasmic
galectin-1 staining in cancer cells was significantly
higher in serous, clear cells and endometrioid types,
whereas low galectin-1 staining was present in
mucinous type 4. Moreover, the staining intensity
illustrated that expression of galectin-1 in the
peritumoral stroma was significantly associated with
advanced-stage EOC, serous histology and a residual
tumor 21 cm after primary debulking surgery.
Furthermore, down-regulation of galectin-1 with
galectin-1 siRNA significantly inhibited cell prolifera-
tion, migration and invasion in EOC cell lines. In
contrast, recombinant galectin-1 or up-regulation of
galectin-1 with lentivirus mediated galectin-1 cDNA
transfection significantly increased migration and
invasion potential in EOC cells compared with the
GEFP control. The correlation of fibroblast and cancer
cells studied in western blot analysis reported that
decrease of galectin-1 expression in fibroblasts with
siRNA reduced MMP-2 expression than in controls,
demonstrating that galectin-1 secreted by human
fibroblast cells might affect the invasive capacity of
cells. Although Zhang et al. did not find any
significant difference of MMP-2 expression in
SKOV3ipl treated with galectin-1 siRNA, the
down-regulation of galectin-1 in SKOV3ip1l reduced
H-Ras, p-Raf-1, extracellular signal-regulated kinase
(p-ERK), MMP-9 and c-Jun expression, while high
expression of galectin-1 increased the expression of
the above proteins 4. Interestingly, it was suggested
that galectin-1 may interact with H-Ras and activate
ERK pathway, thus promoting malignancy of EOC by
enhancing cell invasion and proliferation.

Toll like receptors (TLR) were found in various
tumor types which were associated with carcino-
genesis, cancer progression and metastasis 4. It had
been observed that the level of galectin-1 was
increased by TLR activating specific ligand in ovarian
cancer SKOV-3 cells, suggesting that PI3K-dependent
galectin-1 production was the leading pathway of
ovarian cancer metastasis after TLR stimulation 4.
Moreover, the wound healing capacity of TLR4-
knockdown SKOV-3 cells was attenuated by
recombinant galectin-1 treatment. Down-regulation of
galectin-1 with siRNA in lipopolysaccharide (LPS,
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TLR4 ligand) stimulated SKOV-3 cells by increasing
the activity of MMP-2 and MMP-9 and up-regulating
the mesenchymal markers. The invasion property of
galectin-1 knock-down SKOV-3 ovarian cancer cells
was significantly suppressed after stimulation with
LPS, suggesting that TLR4 mediated PI3K activation
stimulated the invasive and migratory capacity of
ovarian cancer cells through galectin-1 production.

Therapeutic potential of galectin-1 in ovarian cancer

A few studies had documented the potential use
of galectin-1 in treatment of ovarian cancer. Zhang et
al. described the significant effect of galectin-1 on the
cisplatin-resistance in A2780/CP EOC cells 4. In their
study, galectin-1 was down-regulated in A2780/CP
cells lines with galectin-1 siRNAs and then treated
with or without cisplatin in both transfected cells and
control siRNA. As a result, cisplatin inhibited cell
growth and induced apoptosis in the cell lines, and
transfected cells with galectin-1 siRNAs showed
higher sensitivity to cisplatin compared with
transfected control siRNA. Likewise, Hey (low
galectin-1 expression) cells transfected with galectin-1
displayed decreased sensitivity to cisplatin compared
to GFP transfectants. Furthermore, A2780/CP cells
added with galectin-1 siRNA showed a decreased
H-Ras, p-Raf-1, p-ERK, p21 and Bcl-2 expression
evaluated by western blot analysis, whereas
overexpression of galectin-1 increased the expression
of above proteins. Therefore, it implied that galectin-1
can be a potential therapeutic option contributing in
cisplatin-resistance EOC cells.

OTX008 (calixarene compound) was a small
particular molecule of galectin-1 inhibitor, which had
been aimed for antineoplastic activity via suppression
of cancer cell invasion, proliferation, and tumor
angiogenesis 4. Zucchetti et al. 4 found that OTX008
inhibited the in vivo growth of ovarian cancer cell lines
(A2780-1A9). Additionally, OTX008 potentiated the
activity of the tyrosine kinase inhibitor sunitinib on
A2780-1A9 in vivo and in vitro, while the combination
of these two agents showed an additive antiprolifer-
ative activity, indicating that the compound targeting
galectin-1 might contribute to better ovarian cancer
treatment.

Role of galectin-1 in the prognosis of ovarian cancer

Galectin-1 overexpression was primarily found
to be associated with increased recurrent rate in
3-year and shorter PFS [40, 41] than those in the weak
expressing EOC patients (22.5 vs 48 months). Schulz
et al. ¥ revealed galectin-1 expression in the nuclei of
ovarian cancer cells displayed no any correlation to
overall survival (OS). However, galectin-1 expression
in the cytoplasm of ovarian cancer cells was

profoundly associated with decreased OS compared
to negative galectin-1 expression patients. In addition,
their results showed that elevated expression of
galectin-1 in the stromal cells was significantly related
with worse outcomes compared with low galectin-1
patients. Multivariate analysis also showed that
stromal galectin-1 expression was an independent
prognostic factor for ovarian cancer patients.

Chen et al. #2 detected considerable changes in
serum galectin-1 expression among EOC patients
with non-metastatic compared with metastatic
disease (69 ng/ml vs 370 ng/ml). The staining of
galectin-1 in cancer associated stromal cells
significantly correlated with pathologic variables and
International Federation of Gynecology and
Obstetrics (FIGO) stages of the EOC patients.
Increased galectin-1 expression in cancer stromal cells
was found in lymph node metastasis and invasive
carcinoma comparing with the non-invasive one.
Intriguingly, 3-year recurrent rate was elevated in the
patients with high galectin-1 expression compared to
that in the low galectin-1 expressing patients. Thus,
the combined results suggested that galectin-1 could
be a novel prognostic and progressive biomarker in
EOC patients.

Endometrial cancer

Expression and role of galectin-1 in endometrial
carcinoma

Van den Brule et al. ¥ found that galectin-1
staining in cytoplasm of cells demonstrated a
remarkable change of galectin-1 expression in normal
endometrium compared to that in endometrial cancer
(normal 1.09 + 0.54 vs tumor 1.85 + 0.59). Although
galectin-1 expression was notably increased in cancer
cells than adjacent normal endometrium, analysis of
galectin-1 expression with clinicopathologic charact-
eristics of the cancers could not yield any association
among galectin-1 expression and FIGO staging,
histological type or grade, lymph node status, severity
of invasion, or occurrence of steroid receptors. In
contrast, Mylonas et al. ¥ detected that galectin-1
immunoreaction was increased from G1 to G3 stage
(World Health Organization grading system) of 70
endometrioid adenocarcinomas patients. In FIGO
staging, galectin-1 binding was up-regulated in FIGO
stage III/IV compared to FIGO stage I/1Il, but their
results were not statistically significant. However,
they found that galectin-1 binding was associated
with lymphangiosis. Thus, further studies were
urgently needed to elucidate the role of galectin-1 in
the pathogenesis and malignant transformation of
endometrial cancer, and to evaluate the therapeutic
and prognostic value of it in endometrial cancer.
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The role of galectin-3 in gynecological
cancers

Cervical cancer

Expression and role of galectin-3 in cervical
carcinogenesis

Real-time quantitative PCR found that
expression of galectin-3 in cervical tumor cells was
markedly down-regulated in contrast to healthy
cervical tissues #. Subsequent immunohistochemical
staining revealed a strong immunoreactivity in all the
normal (10/10) cervical squamous epithelia, usually
with cytoplasmic and some with nucleus and plasma
membrane staining pattern. On the other hand, 80%
(32/40) of ISCCs, 70% (14/20) of HGSILs, and 40%
(8/20) of LGSILs revealed a low or negative galectin-3
expression in cytoplasm and membranous staining.
Moreover, expression of galectin-3 in ISCCs was
remarkably lower than that in healthy cervical
controls and LGSILs. When four histopathologic
grades (normal, LGSIL, HGSIL and ISCC) of samples
were considered according to the occurrence of
positive staining, galectin-3 expression was progress-
ively declined according to the progression from
LGSIL to HGSIL and ISCC. The study suggested that
the decreased expression of galectin-3 was associated
with the progression of cervical neoplasia. However,
Li et al. % found that galectin-3 expression in cervical
cancer was significantly higher than that in normal
cervix, cervicitis and cervical intraepithelial neoplasia,
while expression in cervical intraepithelial neoplasia
was significantly higher than that in normal cervix
and cervicitis. In addition, the expression of galectin-3
was related with histological grade, deep myometrial
invasion and lymph node metastasis in cervical cancer
patients.

Punt et al. 3 displayed a positive expression of
galectin-3 both in tumor cells and stromal cells of SCC
in 84% samples (n =160). Additionally, galectin-3
expression in strong tumor cells was documented
mutually at the invasive border and center of the
tumor fields which were exclusive with galectin-1 or
galectin-9 expression. Therefore, the study noted that
galectin-3 expression was reduced when another type
of galectin was present. Furthermore, low expression
of galectin-3 was related with elevated invasion depth
whereas high galectin-3 expression was associated
with decreased tumor invasion. Galectin-3 expression
was also correlated with the presence of human
papilloma virus (HPV) type 16 and 18. However,
either in the tumor epithelium or stroma, the tumor
mass and the incidence of lymph node metastasis or
vaso-invasion was not markedly distinct between
trials with absence or presence of galectin-3

expression.

A study by Liu et al. 5! showed that galectin-3
interacted with vascular endothelial growth factor
(VEGEF) receptors and reinforced the signal transduc-
tion, inducing cervical cancer cell invasion. When
galectin-3 expression was down-regulated in SiHa cell
lines of cervical cancer by specific siRNA, VEGF-C
mostly decreased its capability to raise SiHa cell
invasion. Indeed, VEGF-C (100 ng/mL) treatment
immensely augmented expression of galectin-3 from
12-48 h, which was suppressed by NF-kB inhibitors.
In addition, inactivating of NF-kB subunit p65
expression with specific siRNA led to the decreased
expression of galectin-3 affected by VEGF-C,
illustrating that NF-kB was the important mediator
for this pathway. Immunoprecipitation assay showed
that VEGF-C stimulation increased interaction
between galectin-3 and phosphorylated VEGF-R3 at
resting state. SiHa cells treated with various doses of
exogenous galectin-3 (2, 5, 10 pg/mL) for 10 min
raised VEGF-R3 phosphorylation. Taken together,
VEGF-C increased galectin-3 protein expression via
NEF-kB pathway, which interacted with and activated
VEGF-R3 progressing to higher invasiveness of
cervical cancer SiHa cells.

Role of galectin-3 in the prognosis of cervical cancer

Several studies had analyzed that high
expression of galectin-3 was associated with poor
prognosis in cervical cancer patients 052, During the
5-78 months follow-up period, Li et al. 5 exhibited
that galectin-3 overexpression was significantly
associated with decreased survival rate compared to
those with low expression. Galectin-3 positive
expression in cervical cancer patients with very low or
negative levels of pl6 (onco-protein, used as a HPV
marker), was also found to be correlated with poor
prognosis in OS analyses 2. Additionally, the
comprehensive case control investigation of galectin-3
gene polymorphisms (rs4644, rs4652 and rs11125)
demonstrated a positive prognostic correlation in
Chinese cervical cancer patients %. Polymerase chain
reaction-restriction fragment length polymorphism
detected significantly increased distribution of the
CC+CA genotype of rs4652 and AT+TT genotype of
rs11125 in the cervical cancer group compared with
healthy control. Moreover, further study revealed that
single-nucleotide polymorphisms in the galectin-3
gene were related to tumor diameter, FIGO stage,
differentiation grade, lymph node metastasis and
pathologic type. The 5-year survival rate of CC
patients with an AA genotype of rs11125 in galectin-3
was markedly higher than those presented with an
AT+TT genotype (71.05% vs 42%), whereas, 5-year
survival rate of patients carrying a CC+CA genotype
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of rs11125 was significantly lower than that of AA
genotype carrier (88.89% vs 54.63%). Consistently,
recurrence rate in CC+CA genotype of rs4652 was
higher compared with an AA genotype. Multivariate
cox analysis illustrated that the CC+CA genotype of
154652, the AT+TT genotype of rs11125, and treatment
modality were independent factors for disease-free
survival (DFS) and OS. This evidence suggested that
the C allele of rs4652 and the T allele of rs1125 in the
galectin-3 gene may be risk factors, probably affecting
the prognosis of cervical cancer patients.

Ovarian cancer

Expression and role of galectin-3 in ovarian cancer

Galectin-3 expression was primarily located in
nucleus, cytoplasm of ovarian cancer cells but not in
normal or healthy ovarian tissues 5+%. Higher
galectin-3 expression was more common in clear cell
carcinomas %, serous cystadenomas, serous border-
line ovarian tumors and mucinous tumors compared
to endometrioid and transitional cell tumors. In
addition, higher galectin-3 expression was associated
with Ki-67 and advanced stages (FIGO stage III and
IV) of clear cell carcinomas . Moreover, galectin-3
had various roles in tumorigenesis and progression of
ovarian cancer. Lu et al. © exhibited that
down-regulation of galectin-3 reduced migratory and
invasive capability of SKOV-3 EOC cells (high
galectin-3 expressing) in comparison with the control
group, whereas OVCAR3 (low galectin-3 expressing)
cells with increased galectin-3 expression revealed
higher migratory and invasive capability. Decrease of
galectin-3 in SKOV-3 cells reduced the level of
components involved in the phosphorylated NF-kB
pathway (IkB, IKK and p65), which explained that
galectin-3 acted as an up-regulating molecule of
NF-kB pathway in ovarian cancer cells. The
over-expression of galectin-3 in OVCAR-3 cells
through immunofluorescence technique presented the
higher p65 nuclear translocation compared to the
normal control type, signifying that the
phosphorylation activity of p65 was enhanced with
high galectin-3 expression.

Kang et al. % displayed that galectin-3
over-expression increased ovarian cancer cells
invasion, migration and proliferation, while silencing
of galectin-3 with specific siRNA reversed these
biological phenomenons. Similarly, ovarian cancer
growth rate was higher in galectin-3 overexpressing
A2780 ovarian cancer xenografted nude mice.
Additionally, galectin-3 was reported to maintain
ovarian cancer stem cell properties by activating the
Notchl intracellular domain. Down-regulation of
galectin-3 was noted to decrease the epithelial
mesenchymal transition (stemness phenotype)

regulators and stemness factors in SKOV-3 and
OVCAR-429 ovarian cancer cells. Conversely,
over-expression of galectin-3 significantly enhanced
the expression of Notch target genes such as Hes 1
and Hey 1 and cleaved form of Notchl intracellular
domain in nuclear fractions. Furthermore, the level of
galectin was significantly decreased with silencing of
galectin-3 gene, suggesting that galectin-3 modulated
stemness factors via Notch signaling pathway and
increased the cleavage and the nuclear translocation
of NICD1 in ovarian cancer cells. Moreover, increased
expression of galectin-3 was detected in advanced
stages, compared to stage I or II in ovarian cancer
patients, suggesting that galectin-3 supported
stemness of these cells. Eliaz et al. %2 also found that
galectin-3 expression was enhanced in stage IV than
in stage I ovarian cancer, confirming the theory that
galectin-3 might promote ovarian malignancy. In
stage IV ovarian cancer, high expression of galectin-3
was co-existed with acute inflammation, cancer
metastasis, and increased C-reactive protein, which
became normal after tumor was controlled with
chemotherapy. Compared to the control case, Hossein
et al. ¥ found that administration of recombinant
human galectin-3 resulted in 41% increase in cell
proliferation, 33.6% increase in substrate-dependent
adhesion and 36% decrease in caspase-3 activity of
SKOV-3 ovarian cells.

Therapeutic potential of galectin-3 in ovarian cancer

Cai et al. * identified significant associations
between serum galectin-3 level and paclitaxel
resistance phenotype in patients with ovarian cancer.
Then, this study elucidated that exogenous galectin-3
might induce paclitaxel resistance in SKOV-3 and
ES-2 cells through toll-like receptor 4 signaling
activation accompanied by inhibition of toll-like
receptor 4- and caveolin-1 interaction, revealing a
novel insight into paclitaxel resistance induction.
Co-treatment with galectin-3 siRNA and paclitaxel
showed an enhanced cytotoxic effect compared with
treatment with paclitaxel alone in SKOV3 cells, which
suggested that galectin-3 expression may be involved
in regulating the response to paclitaxel-based
chemotherapy and galectin-3 siRNA could increase
the sensitivity to paclitaxel treatment in EOC cells 5.
Likewise, over-expression of galectin-3 markedly
inhibited the cisplatin and paclitaxel-induced cell
death and paclitaxel-promoted apoptosis in A2780
cells, whereas down-regulation of galectin-3 increased
paclitaxel-induced apoptosis in SKOV-3 cells 2.

0.1% PectaSol-C modified citrus pectin (a specific
galectin-3 competitive inhibitor) combined with
non-effective dose of paclitaxel (100 nM) exerted a
synergistic effect on reducing cell viability and
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subsequent increasing caspase-3 activity in SKOV-3
cells. Moreover, there was a significant decrease in
substrate-dependent adhesion in combination group,
suggesting that inhibition of galectin-3 could be a
useful therapeutic tool for combination therapy of
ovarian cancer %. Mirandola et al. % produced a
truncated, dominant-negative form of Galectin-3,
namely Galetic-3C, which was further applied in
ovarian cancer cell lines and primary cells established
from ovarian cancer patients. The study demonstrated
that Galectin-3C significantly reduced the growth,
motility, invasion, and angiogenic potential of
cultured ovarian cancer cell lines and primary cells,
which indicated that Galectin-3C was a promising
new compound for the treatment of ovarian cancer.

Lu et al. ¢! found that through the knockdown of
galectin-3 by small interfering RNA, the apoptosis of
ovarian cancer cells and the sensitivities to carboplatin
were significantly increased. However, the apoptosis
of cancer cells and sensitivity to carboplatin were
decreased via up-regulation of galectin-3 caused by
plasmid transfection, which acted through the nuclear
factor-kappa B pathway. This result indicated that
low galectin-3 level improved the chemo-sensitivity to
carboplatin in EOC. The expression of galectin-3 in
clear cell carcinoma of ovary might contribute to its
lower cell proliferation and lead to cisplatin resistance
5. After knocking down galectin-3 in three cell lines
from human clear cell carcinoma of ovary: RMG-I, KK
and HAC-2 cell lines, cisplatin-induced apoptosis was
increased. Combined results indicated that galectin-3
could be a novel potential therapeutic target in
various ovarian cancers and might affect the
chemo-sensitivity to common chemotherapeutic
drugs.

Role of galectin-3 in the prognosis of ovarian cancer

Using log-rank test, Brustmann et al. % found
that galectin-3 immuno-expression was not correlated
to survival of serous ovarian cancer. However, Kim et
al. % found that high cytoplasmic galectin-3 immuno-
expression was associated with shorter PFS in patients
with ovarian serous carcinomas, which indicated that
cytoplasmic galectin-3 immunostaining might be an
adjunct in the identification of high-risk ovarian
serous cancers. With regard to clear cell carcinoma of
ovary, galectin-3 expressions were not related with
OS and DFS both in univariate and multivariate
analyses of 144 patients .

In the study reported by Anastasi et al. %,
galectin-3 was combined with multi-detector contrast
enhanced computed tomography to predict
recurrence of EOC disease. The results showed a
significant correlation between high serum galectin-3
levels and disease recurrence, especially with the

presence of local recurrence, carcinomatosis, lympha-
denopathies and distant metastasis. However,
galectin-3 overexpression in the cytoplasm and
peritumoral stroma was not associated with poor
outcome of ovarian cancer patients. Patients with high
level of galectin-3 staining other than in nuclei
showed significantly decreased OS compared to
patients with nuclear staining. Therefore, nuclear
galectin-3 expression may be considered as a positive
prognostic factor in ovarian cancer patients 4.

Endometrial cancer

Expression and role of galectin-3 in endometrial
cancer

Galectin-3 expression in endometrial cancer was
reduced compared with normal or benign
menopausal endometrium (normal, 2.0 £0.5 vs tumor
1.40 £0.68) 4. ¢5. Decreased expression of galectin-3
may be involved in the pathogenesis of endometrial
carcinomas from normal endometrium to carcinoma
66, Galectin-3 expression in the cancer cells was
reported mostly in the cytoplasm, nucleus and
membrane ¢ 7. Al-Maghrabi et al. explored the
galectin-3 immunohistochemical phenotype and its
association with clinicopathological factors in the
carcinoma of endometrium and found that galectin-3
immunoreactivity was significantly associated with
tumor grade, stage and differentiation. Membranous
and cytoplasmic galectin-3 staining were significantly
associated with grade I and stage II, while cases with
loss of staining were more frequent in grade II, Il and
poorly differentiated tumors, supporting the tumor
suppression role of galectin-3 in endometrial
carcinoma % ¢7. Ege et al. [66] documented that in the
cases with lymph node metastasis, 64% (7/11) of them
were low and 36% (4/11) cases were high for
galectin-3 expression in stroma, whereas in patients
without lymph node metastasis, 18% (7/39) were
negative and 82% (32/39) were positive for galectin-3
expression in stroma, suggesting that decreased level
of stromal galectin-3 expression might be an index of
lymph node metastasis in endometrial cancer.

In contrast, using immunohistochemistry to
detect the expression of galectin-3 in 101 curettage
specimens, Brustmann et al. % found that nuclear
galectin-3 immunostaining in endometrial tissues was
significantly increased from normal endometrium,
simple hyperplasia, complex hyperplasia and atypical
hyperplasia to endometrioid adenocarcinoma.
Galectin-3 expression increased with tumor grade in
endometrioid adenocarcinoma. In addition, galectin-3
nuclear expression in endometrial tissues in serous
papillary carcinoma and clear cell carcinoma were
significantly higher than that in endometrioid adeno-
carcinoma. Although enhanced nuclear galectin-3
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expression was noted in carcinomas, immunostaining
of galectin-3 in stromal cells decreased in the latter. In
a recent study, Lambropoulou et al. ¢ exhibited that a
high galectin-3 expression was correlated with age
>57, non-endometrioid histological type and elevated
levels of cysteine-rich intestinal protein 1, which was
involved in cancer cell growth and differentiation 70.
After silencing of galectin-3 expression in endometrial
cancer cell RL95-2 by RNA interference technology
using galectin-3 specific small RNA, S-phase cells, the
cells adhesive ability to fibronectin, and integrin p1
expression were significantly reduced, but G1 phase
cells were increased, suggesting that galectin-3 might
promote cell proliferation and adhesion in
endometrial cancer 7.

Role of galectin-3 in prognosis of endometrial cancer

In a Kaplan-Meier study, the mean survival time
in endometrial cancer patients was decreased with the
increasing expression of galectin-3 ¢. The log-rank
test for galectin-3 expression revealed that the
survival time variation between negative and positive
galectin-3 expression as well as between low and high
galectin-3 expression was statistically significant.
Additionally, mortality was 0% in patients with mild
expression of galectin-3 and was significantly
increased (88.9%) in patients with high galectin-3
expression. Five-year survival for patients with low or
moderate expression of both galectin-3 and cysteine-
rich intestinal protein 1 was 100%, while either of the
two proteins with higher expression was 33.3%, and
both proteins with higher expression was 16.6%. It
was suggested that galectin-3 was related with poor
prognosis and shorter survival rate in endometrial
cancer patients.

The role of galectin-7 in gynecological
cancers

Cervical cancer

Expression and role of galectin-7 in cervical cancer

The positive immunostaining rate for galectin-7
was gradually decreased from normal cervical tissue
to intraepithelial neoplasia and to cervical squamous
carcinoma. Galectin-7 was significant negative
associated with lymph node metastasis and staging of
cervical squamous carcinoma. Multivariate analysis
with the Cox's proportional hazards model indicated
that galectin-7 had significant protective effect on
cervical squamous carcinoma patients. Subsequent in
vitro studies in SiHa and C33A human cervical
squamous carcinoma cell lines revealed that knocking
down galectin-7 significantly promoted migration
and tumor cell viability. These evidences suggested
that galectin-7 played important protective roles in

cervical squamous carcinoma 72 73.

However, Park et al. 74 demonstrated that
galectin-7-transfected HeLa cells exhibited increased
invasion and up-regulated MMP-9 expression. Upon
transfection HeLa cells with galectin-7, p38 MAPK
was activated, and SB203580, a chemical inhibitor of
P38 MAPK, reversed the effects of galectin-7. Hence, it
suggested that galectin-7 induced the transformation
of HelLa cells to more invasive cells via elevating
MMP-9 expression, which may be related to p38
MAPK signaling pathway.

Therapeutic potential of galectin-7 in cervical cancer

In SiHa and C33A human cervical squamous
carcinoma cell lines, Zhu et al. 72 revealed that
knocking down galectin-7 enhanced tumor cell
viability against paclitaxel-induced apoptotic stress,
likely through increasing the MMP-9 expression and
activating the phosphatidylinositol 3-kinase/Akt
signaling pathway, respectively. It was provided that
galectin-7 expression could increase the chemo-
sensitivity to paclitaxel in cervical cancer cells.

The proteomic analysis showed that increased
galectin-7 expression was significantly associated
with increased sensitivity to concurrent chemo-
radiotherapy (CCRT) in cervical cancer 2. Subsequent
western blot and tissue microarray with immunohist-
ochemistry staining revealed that galectin-7
expression was considerably higher in the CCRT-
highly sensitive group compared with that in the
CCRT-lowly sensitive group. This provided the
information that galectin-7 expression may be used as
a predictive factor of increased response to CCRT in
cervical cancer patients. In addition, pretreatment
levels of galectin-7 predicted radiation response in
patients with cervical squamous cell carcinoma 72.
Elevated galectin-7 expression was associated with
improved outcomes after radiation therapy for
cervical cancer patients.

Role of galectin-7 in the prognosis of cervical cancer

Elevated galectin-7 expression was related with
improved clinical outcomes after radiation therapy for
cervical cancer 7. In the study of 161 SCC (FIGO stage
IB-IIB) patients treated with definitive radiation
therapy, Tsai et al. 7 revealed that positive galectin-7
expressions were correlated with advanced disease
(53 patients, 37% had stage IIA or IIB) than patients
with negative galectin-7 expressions. However,
five-year OS rate was markedly improved in high
galectin-7 expression patients compared with
galectin-7 negative expression patients (64% vs 36%).
Similarly, distant metastasis free survival (DMFS) and
disease-specific survival (DSS) rate for patients with
positive galectin-7 tumors were higher than in
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negative galectin-7 tumors, which was 73% vs 55%,
and 65% vs 36%, respectively. In multivariate
analysis, adjusting for age, stage, and tumor diameter,
galectin-7 expression remained a significant predictor
of OS (hazard ratio =0.34, P =0.001), DMFS (hazard
ratio =043, P =0.03), and DSS (hazard ratio =0.34, P
=0.001).

Although none of these four proteins (S100A9,
galectin-7, NMP-238 and HSP-70) could be utilized as
an independent predictive factor for the relapse of
cervical cancer after CCRT, a recurrence prediction
model was generated by combining increased S100A9
and galectin-7 expressions, and decreased NMP-238
and HSP-70 expressions as a full predictive factor 72.
In their following experiments, Zhu et al. 7% found that
cervical squamous carcinoma patients with negative
staining of galectin-7 or SI00A9 showed significantly
lower 5-year OS rate than those with positive staining.
Multivariate analysis with the Cox's proportional
hazards model indicated that both galectin-7 and
S100A9 had significant protective effects on cervical
squamous carcinoma patients. Higareda-Almaraz et
al. 7 also found that galectin-7 expression presented a
significantly better survival rate of patients diagnosed
with cervical cancer. Tumors with combined high
galectin-7 and low galectin-1 expressions presented
significantly better prognoses.

Ovarian cancer

Expression and role of galectin-7 in ovarian cancer

Galectin-7 was not detected in normal ovarian
tissues, while positive cytoplasmic staining of
galectin-7 was detected in epithelial cells in all EOC
histological subtypes 4. After evaluating galectin-7
immuno-staining in the cytoplasm and nucleus of
cancer cells as well as the peritumoral stroma in 156
ovarian cancer specimens, Schulz et al. ¥ found that
galectin-7 was only present in the cytoplasm of tumor
cells. However, in Kim’s study 77, immunohistoc-
hemical analysis revealed that galectin-7 expression
was primarily detected in nuclei and occasionally in
the nucleus and cytoplasm of tumor cells in 63
formalin-fixed, paraffin-embedded EOC tissues. High
galectin-7 expression was associated with greater age,
advanced grade tumors and metastatic samples %.
The median age was approximately nine years older
in patients with the high galectin-7 expression than
low expression. In addition, the residual tumor
volume was larger in the high-expression group
compared to the low-expression group.

Galectin-7 expression in human EOC cell lines
was induced by mutant p53 4. Down-regulation of
galectin-7 using siRNA resulted in the inhibition of
cell proliferation in ovarian cancer cell lines %. In
addition to involvement in cell proliferation, galectin-

7 increased the invasive behavior of ovarian cancer
cells by inducing MMP-9 and increasing cell motility.
Invasive effects of ovarian cancer cells were enhanced
by both intracellular and extracellular galectin-7 43.
EOC cells can also secrete galectin-7. Intracellular
galectin-7 expression in ovarian cancer cells resulted
from an autocrine transcriptional mechanism and
endocytosis of extracellular galectin-7, suggesting that
extracellular galectin-7 played a central role in
controlling intracellular galectin-7 in EOC cells 4.

Role of galectin-7 in the prognosis of ovarian cancer

High galectin-7 expression was associated with
high mortality and poor OS outcome in patients with
EOC, especially ovarian serous cystadenocarcinoma
4, Kim et al. 77 showed that median OS in low
galectin-7 expressing patients was 72 months, while in
patients with high galectin-7 expression was only 56
months. Using either wunivariate analysis or
multivariate analysis, they concluded that galectin-7
expression could be used as an independent
prognostic factor for poor OS in ovarian cancer
patients. Schulz et al. 4 also confirmed cytoplasmic
galectin-7 expression as a negative prognostic factor
for ovarian cancer. They observed a significantly
reduced OS for cases with high galectin-7 expression
and a better survival for galectin-7 negative cases,
when compared to cases with low expression of
galectin-7.

The role of galectin-9 in gynecological
cancers

Cervical cancer

Expression and role of galectin-9 in cervical cancer

Galectin-9 immunostaining was evidently
detected in normal epithelium and endocervical
glands, but significantly faint in cervical intraepithe-
lial neoplasia and SCC 78. Moreover, the galectin-9
expression in high-grade squamous intraepithelial
lesions was significant lower than those in low-grade
squamous intraepithelial lesions, indicating that
reduced galectin-9 expression was associated with
malignant transformation. Furthermore, galectin-9
expression in well-differentiated SCC was significa-
ntly higher compared to those in poorly differentiated
SCC, implying the possible involvement of galectin-9
in the differentiation of SCC. However, galectin-9
expression was not different among the FIGO stage 8.
Punt et al. also found that galectin-9 was only
expressed by tumor cells in 11% cases of SCC tissues
3. Indeed, galectin-9 expression was significantly
correlated with the presence of HPV type 16 or 18.
Tumor size and the presence of vaso-invasion or
lymph node metastasis were not significantly
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different between samples with or without expression
of galectin-9 either in the tumor epithelium or stroma.
But expression of galectin-9 in tumor cells showed a
trend toward improved survival.

Ovarian cancer

Expression and role of galectin-9 in ovarian cancer

Low galectin-9 expression was detected in
ovarian stromal cells of normal ovarian tissues, while
galectin-9 staining was mostly found in the cytoplasm
of ovarian cancer cells, rather than at nuclei or the
peritumoral stroma 7°. Cases with high galectin-9
expression presented a significant association with
low tumor stage, early FIGO stage, and younger age.
Kaplan-Meier analysis showed that moderate
galectin-9 expression had a decreased PFS and OS
compared to galectin-9 negative cases. Intriguingly,
patients with high galectin-9 expression displayed the
best PFS and OS. Thus, it was recommended that
galectin-9 expression determined the outcome of
ovarian cancer patients in two opposing ways.

Conclusion

Galectins regulate various crucial mechanisms
that are essential for maintaining cell homeostasis. In
conclusion, galectins -1, -3, -7 and -9 have been
awarded a key role in tumorigenesis and progression
in human gynecological cancers (summarized in
Table 1). Furthermore, multiple studies have
demonstrated that deregulation of these proteins at
cellular levels could inhibit cancer proliferation and
invasion with diverse mechanisms. Additionally, it is
recommended that some certain chemotherapy
resistances are induced by these lectins. Moreover,
circulating galectins concentration could be potential
prognostic factors for various gynecological cancers.
Therefore, targeting these 4 galectins might become a
potent therapeutic strategy for treatment in
gynecological malignancies. Novel compounds or
inhibitors targeting galectins could be designed to
exert anticancer properties on gynecologic cancers in
the future. However, due to the fact that there are
some conflicting evidence of these galectins existing
in cervical, ovarian and endometrial cancers, further
researches should be carried out to investigate the
detailed function of it in gynecologic carcinomas.

Table 1. The expression and the role of Galectin-1, -3, -7 and -9 in tumor progression, treatment, and prognosis of gynecological cancers.

Cancer types | Expression and role Treatment and effect Prognostic significance
Mediated the radio-resistance in cervical
cancer through H-Ras dependent
Galectin 1: pathways 3. . . . .
High galectin-1 was detected in cytoplasm, nuclei Galectin-1 expression was not associated with the 5-year
, . i
and stroma of cervical cancer cells, while galectin-1 | High galectin-1 inhibited radiation progression free survival .
expression was negative or absent in normal mediated cell death and involved in DNA . - .
cervical tissue samples % damage repair Galectin-1 expression in squamous cervical cancer cells
’ ' was associated with both 10-year local recurrence and
. . . . . . . 10- ifi ival, 1 i
Increased galectin-1 expression was associated with | Galectin-1 antibody has potential role as d(i)sz:r?tr ;:::::;5:3 ic survival, but could not predict
lymph node metastasis and tumor invasion 31. reliable adoptive immunotherapy for ’
ical tients 38. . .

. - cervicalcancer patients Strong expression of galectin-1 by tumor cells was
Galectin-1 expression in stromal cells was gradually sionificantly correlated with poor disease-free and
increased according to the pathological grade i.e. Galectin-1 expression may act as a d.gm Y. £ ivali pt' ts with
from normal cervical tissues to LGSIL, HGSIL and potential predictive biomarker to 1seése specilic survivalin patients with squamous

. . R cervical cancer 3.
ISCC 34, cisplatin-based neoadjuvant
chemotherapy response in cervical cancer
patients %,
Galectin 3:
Galectin-3 was expressed in cervical tumor, usually
in cytoplasm, nucleus and plasma membrane 4.
Cervical High expression in ISCC and HGSIL compared with High expression of galectin-3 is associated with poor

cancer normal and LGSIL, suggesting that galectin-3
expression declined according to progression.

Associated with decreased tumor invasion and the
resence of human papilloma virus 3.

p pap. V. N/A

Expression increased by VEGF-c via NF-kB

pathway and activated disease with increased

invasiveness 1.

Positive galetin-3 protein expression was
significantly higher in CIN, including CIN grade I, IT
and III and in cervical cancer compared with
healthy normal cervix .

prognosis 3052

Overexpression of galectin-3 was significantly associated
with decreased survival rate compared to those with low
expressions 5. The 5-year survival rate of CC patients
with an AA genotype of rs11125 in galectin-3 was
markedly higher than those presented with an AT+TT
genotype (71.05% vs 42%), whereas, 5-year survival rate
of patients carrying a CC+CA genotype of rs11125 was
significantly lower than that of AA genotype carrier
(88.89% vs 54.63%) 52.

Galectin 7:

High expression documented in cytoplasm and
nuclei of cancer cells. Healthy cervical tissue
compared with CIN II (40.4%), CIN III (13.9%) and
SCC tissue showed a significant decrease in the high
staining proportion of galectin-7. Galectin-7
knock-down significantly promoted invasion

Galectin-7 increased the sensitivity to
concurrent chemo-radiotherapy in cervical | cervical cancer. Negative galectin-7 expression was
cancer and can act as a protective
therapeutic role 7273,

Galectin-7 high expression was correlated with better
clinical outcomes following radiation treatment for

related with decrease rate of DMFS, DSS and OS 7576,

SCC patients with negative galectin-7 staining had
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through increasing MMP-9 expression and
activating P13K/ Akt signaling pathway 7273,

Hela cells expressing galectin-7 were more invasive
than HeLa cells. Galectin-7 expression induced the
transformation of HeLa cells in cervical
adenocarcinoma to more invasive cells via MMP-9
in association with p38 signaling pathway 74.

profoundly decreased 5-year OS rate compared with
positive staining 73.

Galectin 9:

Galectin-9 was detected in normal epithelium and
endocervical glands but those in CIN and SCC were
significantly faint. Galectin-9 in WSCC was
significantly high compared to those in HSIL.
Galectin-9 in SCC was inversely correlated with the
grade of differentiation (WSCC >> MSCC >> PSCC)

78,

Galectin-9 was expressed by tumor cells in 11% of
samples. Tumor cell expression of galectin-9
showed a trend toward improved survival 31,

N/A

N/A

Galectin 1:

Galectin-1 was mostly noted in peritumoral stroma
and cytoplasm of ovarian cancer cells but not
displayed in normal ovarian tissues 40-43,

Elevated galectin-3 was significantly associated
with advanced stage EOC (stage III-IV > stage I-II)

a,

Galectin-1 may interact with H-Ras and activate
ERK pathway promoting malignancy of EOC by cell
invasion and proliferation 41.

TLR4 mediated PI3K activation stimulates the
invasive and migratory capacity of ovarian cancer
cells through galectin-1 production 4.

Galectin-1 transfected in Hey (low
galectin-1 expression) cells displayed
decreased sensitivity to Cisplatin
compared to GFP transfectants 41.
Galectin-1 can be a potential therapeutic
option contributing in cisplatn resistance
in EOC cells 1.

OTX008 or the compound aiming for
galectin-1 may contribute to better ovarian
cancer treatment 0.

Galectin-1 overexpression was primarily found with
increased Recurrent rate in 3-years 42 and shorter PFS 40 41
than that in the weak expressing EOC patients.

Galectin-1 expression in the cytoplasm was profoundly
associated with decreased OS compared to negative
galectin-1 expression patients 4.

Galectin 3:

Predominatly located in nuclei and cytoplasm of
ovarian cancer cells but absent in normal or healthy
tissues 3458,

Associated with Ki-67L1 and FIGO stage Il and IV

High galectin-3 up-regulated the release of
cytokines (IL-6 and IL-8) and inhibited the
cisplatin and paclitaxel-mediated cell
death 62 64,

High galectin-3 was correlated with poor PFS compared
with reduced galectin-3 expression 5 7.

Galectin-3 was significantly associated with disease

Ovarian compared to stage I and II of CCCs €. Increases sensitivity to paclitaxel recurrence, especially with the presence of local

cancer treatment and galectin-3C blocked recurrence, carcinomatosis, lymphoadenpathies and
Overexpression led to increase cells invasion, angiogenesis 5 36, 63, distant metastasis. High level of galectin-3 staining other
migration, proliferation and modulated stemness than in nuclei showed significantly decreased OS
factor, while down-regulation of galectin-3 with Low galectin-3 augmented the response of | compared to patients with nuclear staining 3.5,
specific siRNA reversed those biological ovarian cancer cells to carboplatin 61,
phenomenon [6061,62],
Galectin 7:
Highly expressed in the cytoplasm and nuclei. Galectin-7 expression indicated poor prognosis in ovarian
Stronger expression was revealed in serous type and cancer with high mortality and decreased overall survival
weakest in endometrioid type. It was associated outcomes. High galectin-7 expression was successively
with larger tumor volume and increased independent prognostic factors for poor OS in EOC
proliferation rate compared with low galectin-7 N/A patients 77.
expression 3.

Low galectin-7 markedly correlated with favorable OS

Galectin-7 was markedly higher with advanced and increased galectin-7 expression is conferred as an
grade, borderline and metastatic tumors of EOC in independent prognostic factor for OS in ovarian cancer -
contrast to benign tumors 77.
Galectin 9:
Galectin-9 staining was mostly found in the Kaplan-Meier analysis showed that moderate galectin-9
cytoplasm of ovarian cancer cells. Cases with high N/A expression had a decreased PFS and OS compared to
galectin-9 expression presented a significant galectin-9 negative cases. Intriguingly, patients with high
association with low tumor stage, early FIGO stage, galectin-9 expression displayed the best PFS and OS 7.
and younger age 7.
Galectin 1:
Galectin-1 expression was notably elevated in N/A N/A
cytoplasm of cancer cells than adjacent normal
endometrium 4.
Galectin 3:
Galectin-3 expression in endometrial cancer was
reduced compared with normal or benign

Endometrial menopausal endometrium 7.6,

cancer
Expression in endometrial cancer was reduced N/A Galectin-3 is related with poor prognosis and shorter

compared with normal or benign menopausal
endometrium. Mostly in the cytoplasm and/or
nucleus and membrane. Elevated galectin-3
immunostaining was documented more frequently
with increased age and grade I, whereas loss or
decreased expression was noted in grade II and III

survival rate in endometrioid cancer patients 6
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or poorly differentiated cancers 6667,

High expression of galectin-3 promotes cell
adhesion, cell growth cycle and cell proliferation in
cancer cell 71.

Galectin-3 expression increased from normal
endometrium (NE), simple hyperplasia (SH),
complex hyperplasia (CH) and Atypical hyperplasia
(AH) to the adenocarcinoma 68.

Galectin 7:
N/A N/A N/A
Galectin 9:
N/A N/A N/A

Abbreviations: LGSIL, low grade squamous intraepithelial lesion; HGSIL, high grade squamous intraepithelial lesion; CIN, cervical intraepithelial neoplasia; SCC, squamous cell
carcinoma; ISCC, invasive squamous cell carcinoma; WSCC, well-differentiated SCC; MSCC, moderately differentiated SCC; PSCC, poorly differentiated SCC; EOC, epithelial ovarian
cancer; FIGO, international federation of gynecology and obstetrics stage; DMFS, distant metastasis free survival; DSS; disease-specific survival; OS, overall survival; PFS, progression-free
survival.
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