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Galectin-7 is elevated in endometrioid (type I)
endometrial cancer and promotes cell migration
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Abstract. Endometrial cancer (EC) is the most commonly
diagnosed gynecological malignancy in Australian women.
Notably, its incidence and mortality rate is increasing. Despite
this, there are limited treatment options for EC. Galectin-7
regulates tumorigenesis in numerous epithelial cancer types,
but the role of galectin-7 has not been investigated in EC. It
was hypothesized that galectin-7 expression would be altered
in EC and contribute to the development of EC. Galectin-7
levels in EC and benign endometrium were quantified
by reverse transcription-quantitative polymerase chain
reaction (RT-qPCR) and ELISA. The effect of recombinant
galectin-7 (1 ug/ml) on cell adhesion, proliferation, apoptosis
(xCELLigence and flow cytometry), migration (wound healing
assay) and gene expression (RT-qPCR) was investigated using
three human EC cell lines (Ishikawa, HECIA and AN3CA).
Galectin-7 gene and protein expression was significantly
elevated in Grade 3 EC, compared with benign tissues.
Galectin-7 was almost undetectable in Ishikawa and AN3CA
cells, but highly expressed by HEC1A cells. Recombinant
galectin-7 had no significant effect on cell proliferation
or apoptosis in any cell line, but significantly reduced cell
adhesion in Ishikawa (at 4 and 6 h) and AN3CA (at 2, 3,4 and
6 h). Galectin-7 significantly promoted Ishikawa migration
and significantly elevated collagen type IV a 1 chain and
intercellular adhesion molecule 1 (ICAM1) gene expression
during wound healing. The present study demonstrated that
galectin-7 production increased in EC with increasing cancer
grade; therefore, galectin-7 may promote the metastasis of EC
by reducing cell-cell adhesion and enhancing cell migration.
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Introduction

Endometrial cancer (EC) is the most common gynecological
cancer diagnosed in Australian women (1). Notably, the inci-
dence and mortality rate of EC is increasing by an estimated
1-2% annually (2), which is partially due to the increasing
life expectancy and obesity levels (3). Despite this, there are
limited treatment options for EC, particularly for the recurrent
or metastatic disease (2).

EC can be divided into two histologic types: Type 1; and
Type 2. Type 1 carcinoma types account for ~85% of EC
cases (4) and are primarily endometrioid in histology, of a lower
grade and confined to the uterus at diagnosis (2). Type 1 tumor
types are characteristically estrogen-mediated and associated
with K-ras and phosphatase and tensin homolog (PTEN) loss
or mutation (2). Type 2 non-estrogen carcinoma types are
primarily non-endometrioid in histology, higher-grade adeno-
carcinomas and contain tumor protein P53 (p53) mutations (2);
however, there is significant heterogeneity and overlap between
these two types of EC and the characteristics of each type are
not always limited to the one type of EC (2).

Type 1 EC is frequently preceded by endometrial hyper-
plasia, whereby the endometrial glands undergo excess
proliferation, resulting in an increase in the glandular:stroma
ratio (4). Hyperplasia is primarily associated with unopposed
estrogen stimulation, or it may be due to specific genetic altera-
tions (4). Staging of type 1 EC is according to guidelines from
the International Federation of Gynecology and Obstetrics (5),
with tumor grade (Grade 1-3) based on histological similarity
to normal endometrium, metastatic behavior and the extent
of invasion into the uterine corpus and surrounding perito-
neum (4).

Galectins are animal lectins that bind to surface glyco-
proteins, in particular (3-galactoside (6). Galectins regulate
numerous cell functions critical for cancer progression,
including elevated cell proliferation, cell adhesion and migra-
tion, apoptosis and immune suppression (7). Furthermore, the
cell-cell and cell-matrix interactions exhibited by galectins and
their high affinity for specific oligosaccharides make galectins
promising markers and/or therapeutic targets for cancer (8).
The expression and function of galectins in EC prognosis and
progression have not been well investigated to date, although
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galectin-3 production in epithelial cancer cells is significantly
associated with poor prognosis and reduced survival rates
5 years after diagnosis (9).

Galectin-7 is a 15 kDa prototype galectin expressed specifi-
cally by stratified epithelial cells (8). Similar to all galectins,
galectin-7 is secreted (10) without a typical secretion signal
peptide sequence, and it is released from cells via a route that
requires intact carbohydrate-binding activity (11). Galectin-7
generally localizes to areas of cell-cell contact (6), and has
a well-characterized role in wound healing. Additionally, it
accelerates the re-epithelialization of corneal wounds more
efficiently than the majority of known growth factors (12,13).
In the uterus, galectin-7 promotes wound repair following
menstruation (14) and elevated endometrial epithelial
galectin-7 is associated with miscarriage, possibly due to its
role as an anti-adhesion molecule during implantation (15).

The role of galectin-7 in cancer may be tissue specific.
Altered galectin-7 expression has been determined in a
number of cancer types, including cervical, breast and
ovarian cancer (7,8). The role of galectin-7 in cancer can be
pro- or anti-tumor: In breast cancer, galectin-7 is pro-tumor,
enhancing spontaneous metastatic capability and protecting
cancer cells from apoptosis (16). Galectin-7 is a negative
prognostic marker for ovarian cancer (17) and renal clear-cell
carcinoma (18). Conversely, galectin-7 may exhibit anti-tumor
properties in other types of cancer; for example, it is absent in
prostate cancer cells (19), reduced in gastric cancer (20) and
causes prostate and DLD-1 colon cancer cells to have greater
sensitivity to apoptosis (19,21).

The role of galectin-7 in EC has not been investigated.
We hypothesized that galectin-7 expression would be altered
in human EC, similar to other epithelial malignancy types,
and contribute to the development of EC. The aim of the
present study was to determine the expression of galectin-7 in
type 1 human endometrioid EC across Grades 1-3 and normal
endometrium. The effect of elevated galectin-7 on Ishikawa,
HECIA and AN3CA (endometrial epithelial cancer cell lines)
cell proliferation, apoptosis, migration and gene expression
was determined.

Materials and methods

Patient samples. The present study was approved by the
Monash Health Human Research and Ethics Committee
(approval no. 06014C) and the Victorian Cancer Biobank
(Project no. 13018). Written and informed consent was
obtained from each patient.

The Victorian Cancer Biobank (Melbourne, Victoria,
Australia) provided RNA (for qPCR) from EC (n=7-8/grade)
or benign post-menopausal endometrium (n=7) whole tissue,
and endometrial biopsies (for protein extraction) from EC
(n=9/grade) or benign endometrium (n=9). The mean and
median age for all patients was: mean 58.4 + 1.9 years; median
59 years. Patient age distribution is provided in Table I.
Samples were collected in Melbourne, Victoria, Australia
between 2007 and 2014.

Proliferative phase pre-menopausal endometrium
(n=4; Table I) was collected by curettage from females between
day 7 and 13 of their menstrual cycle that were scheduled for
tubal ligation, as a non-tumor control group. Biopsies were
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examined by a blinded experienced gynaecological patholo-
gist (Melbourne Pathology, Collingwood, Victoria, Australia;
Anatpath, Gardenvale, Victoria, Australia) to confirm that
they exhibited no evidence of possible endometrial dysfunc-
tion. Females had no steroid treatment or other medication for
at least 2 months prior to tissue collection.

Cell culture. All cell cultures were conducted in a humidified
incubator maintained at 37°C in an atmosphere containing
5% CO,. Grade (G)-1 EC derived Ishikawa cells were provided
by Dr M. Nishida (Tsukuba University, Tsukuba, Japan) in 2014
and cultured in phenol red-free Dulbecco's modified Eagle's
medium (DMEM; Gibco, Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) with 10% fetal calf serum (FCS; Gibco,
Thermo Fisher Scientific, Inc.). G2 derived HECI1A [authenti-
cated by Monash Health Translation Precinct (MHTP) Medical
Genomics Facility (Clayton, Victoria, Australia) in 2016] were
purchased from the American Type Culture Collection (ATCC;
Manassas, VA, USA) in 2012 and cultured in McCoy's medium
(Gibco, Thermo Fisher Scientific, Inc.) with 10% FCS. G3
derived AN3CA (authenticated by MHTP Medical Genomics
Facility in 2012) were purchased from ATCC in 2012 and
cultured in DMEM medium (containing phenol red; Gibco,
Thermo Fisher Scientific, Inc.) with 10% FCS.

RNA preparation and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). Total RNA was isolated
from cancer cell lines using TriReagent (Sigma-Aldrich;
Merck KGaA, Damstadt, Germany). Contaminating genomic
DNA was digested using the DNAfree kit (Ambion; Thermo
Fisher Scientific, Inc.), according to the manufacturer's proto-
cols. To test the RNA yield, purity and concentration, 2 ul was
analyzed using a NanoDrop spectrophotometer (Thermo Fisher
Scientific, Inc.) at an absorbance ratio of A260/280 nm. cDNA
was synthesized from total RNA (250 ng) using Superscript
IIT First-Strand Synthesis system (Invitrogen; Thermo Fisher
Scientific, Inc.).

RT-qPCR analyses of cancer cell lines and cancerous,
benign and proliferative endometrial tissue were performed on
the ABI 7500HT fast block Real-Time qPCR system (Applied
Biosystems; Thermo Fisher Scientific, Inc.) in triplicate (final
reaction volume, 10 ul) in 384-well Micro-Optical plates
(Applied Biosystems; Thermo Fisher Scientific, Inc.). For each
sample, 25 ng cDNA was added to a PCR mix made with
the 2X Fast-Start SYBR-Green master mix containing ROX
passive reference dye (Applied Biosystems; Thermo Fisher
Scientific, Inc.) and 10 nM primers. The primer sequence
details are listed in Table II. A template-free negative
control in the presence of primers and RNase-free water, and
RNase-free water only (for negative controls) were added for
each run. The qPCR protocol was as follows: 95°C for 10 min;
40 cycles of 95°C for 15 sec; followed by 60°C for 1 min.
Relative expression levels were calculated by the comparative
cycle quantification method (AACq) (22) as outlined in the
manufacturer's protocols, with 18s ribosomal RNA serving as
the endogenous control for normalization.

Protein extraction. Endometrial tissue (benign and cancer) was
mechanically homogenized using the QIAGEN TissueLyser LT
machine (Qiagen, Chadstone, Victoria, Australia) in ice-cold
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Table I. Age of patients with endometrial cancer.
Age (n) Proliferative Benign Grade 1 Grade 2 Grade 3
RNA - N/A (7) 509+4.2 (7)* 63.8+5.1 (8)*° 70.1+4.4 (7)°
Protein 41.7+19 (4)p 41.3+1.9 (9 57.6+4.3 (9) 60.6+3.4 (9) 73.5+2.3 9)

Data shows age in years and sample size (n). A significant difference in age is indicated by the superscript letter: A different letter indicates the
groups are statistically different. Ages were not compared between the RNA and protein sample sets. N/A, not available.

Table II. Primer sequences.

Primer Forward sequence (5'-3") Reverse sequence (5'-3")
Coldal AAAGGGAGATCAAGGGATAG TCACCTTTTTCTCCAGGTAG
ICAM1 GCCGGCCAGCTTATACACAA TGGCCACGTCCAGTTTCC
TGFp1 AACCCACAACGAAATCTATG CTTTTAACTTGAGCCTCAGC
ITGa2 TTAGGTTACTCTGTGGCTGCAAT AGGAGCACCAGCAACAAAGTG
18s GATCCATTGGAGGGCAAGTCT CCAAGATCCAACTACGAGCTT

Col4al, collagen type IV a 1 chain; ICAMI, intercellular adhesion molecule 1; TGFP1, transforming growth factor $1; ITGa2, integrin

subunit a2.

universal lysis buffer [SO mM Trizma Base (Sigma-Aldrich;
Merck KGaA) pH 7.4, 150 mM NaCl, 2 mM EDTA, 2 mM
EGTA, 25 mM NaF, 0.2% Triton X-100 (Sigma-Aldrich;
Merck KGaA) and 0.3% Nonidet P-40 (Sigma-Aldrich; Merck
KGaA)] containing Protease Inhibitor Mixture Set IIT (1:500;
EMD Millipore, Billerica, MA, USA) and stored at -80°C. The
protein concentration was assayed by a commercial kit (Pierce
BCA Protein assay kit; Thermo Fisher Scientific, Inc.).

Galectin-7 ELISA. The concentration of galectin-7 in EC
biopsies and EC cell line (Ishikawa, HEC1A and AN3CA)
cell lysate and conditioned media was assayed using a
Human Galectin-7 ELISA kit (cat. no. ELH-Galectin7-001;
RayBiotech, Inc., Norcross, GA, USA), according to the
manufacturer's protocols (15,23). For the cell lines, cells were
cultured in serum-free media for 48 h prior to cell lysate being
collected for the ELISA. Briefly, 30 ug (Grade 3 EC only) or
50 ug protein (all other lysates) was incubated at room temper-
ature on a rotating shaker for 2 h prior to binding was detected
according to the manufacturer's protocols. Absorbance was
measured at 450 nm (ClarioStar®; BMG LabTech GmbH,
Ortenberg, Germany). The minimum detection limit of the kit
according to the manufacturer was 41.5 pg/ml galectin-7.

xCELLigence real time cell adhesion and proliferation assay.
Experiments were carried out using the RTCA DP xCELLIi-
genceinstrument (ACEA Biosciences Inc,/nvitro Technologies,
Noble Park, Victoria, Australia). Cells (Ishikawa, AN3CA and
HECI1A) were seeded in E-plate 96 (ACEA Biosciences) at
10,000 cells/well in the corresponding medium supplemented
with 5% FCS and the plate was monitored every 1 min for 5 h,
then every 15 min for a total of 72 h (24). E-plates were used
a maximum of 3 times, with the wells trypsinized and washed

with PBS between each use, as previously described (25).
Data was calculated using RTCA software 1.2, supplied
with the instrument (ACEA Biosciences, San Diego, CA,
USA; https://www.aceabio.com/products/xcelligence-rtca/)
and exported for statistical analysis. Recombinant galectin-7
(R&D Systems, Inc., Minneapolis, MN, USA) was added at
a concentration of 1 pg/ml, and 0.1% bovine serum albumin
(BSA; final concentration 0.0005%; Sigma-Aldrich; Merck
KGaA) was included as a vehicle control.

Flow cytometry. As there was no effect of galectin-7on HECI1A
cell index (by xCELLigence assay above) only Ishikawa and
AN3CA cell cycle was assessed by Flow Cytometry. Ishikawa
and AN3CA cells were seeded at 50,000 cells/well in a
48-well plate and grown to 50% confluence. Cells were treated
with recombinant galectin-7 or vehicle control as described
previously (lug/ml galectin-7 or 0.1% BSA); for 24 h (AN3CA)
or 48 h (Ishikawa) at 37°C. Cells were trypsinized, pelleted
and fixed in 70% ethanol at -20°C degrees for up to one week
prior to analysis. Cells were stained with FxCycle PI/RNase
staining solution (cat. no. F10797; Molecular Probes; Thermo
Fisher Scientific, Inc.) and analyzed with a BDFACSCanto 11
flow cytometer (BD Biosciences, North Ryde, New South
Wales, Australia). Cell cycle and apoptosis analyses, and
model fitting, were performed with FlowJo (Version X; FlowJo
LLC, Ashland, OR, USA).

Wound healing migration assay. Ishikawa cells were chosen
from experiments above as being a representative EC cell
line with low galectin-7 production and used to investigate
the effect of elevated galectin-7 on cell migration. Ishikawa
cells were seeded at 50,000 cells/well in a 48-well plate and
grown to 100% confluence. Cells were wounded using a
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vacuum suction through a 200 ul pipette tip. On the day of
wounding, at designated time O (0 h), the cell wounds were
imaged (x40 magnification) with a Motic AE31 inverted
light microscope (Motic Asia, Kowloon, Hong Kong) and
camera (Moticam 2500; Motic Asia) using Motic Images
plus2.0 software (Motic Microscopy; https:/www.motic.
com/As_Support_Download/). Wounded cells were treated
with 1 ug/ml galectin-7 or vehicle control (0.1% BSA) for
48 h at 37°C. To assess differences in wound repair, the area
of each wound was manually outlined and quantitated using
Image J (v10.2; National Institutes of Health, Bethesda, MD,
USA) software, at 0, 24 and 48 h. These time points were
selected due to a clear wound boundary being distinguishable,
as the wound was not fully repaired. Data was expressed as
the percentage repair at 24 and 48 h, vs. the O h time point.
For each experiment, wounds were performed and assessed in
quadruplicate and repeated in 4 separate experiments.

To investigate gene expression during wound repair,
Ishikawa cells were seeded at 10,000 cells/well in a 96-well
plate and grown to 100% confluence. Cells were wounded
and treated as aforementioned for 24 h prior to RNA being
extracted as aforementioned.

Statistics. All statistical analyses were performed on raw data
using GraphPad Prism 6 (GraphPad Software, Inc., La Jolla,
CA, USA). Paired Student's t-tests, and one- and two-way
analysis of variance were used as appropriate. All data is
presented as mean =+ standard error of the mean and as %
change from control only for graphical presentation to account
for variability in wound size at time 0. P<0.05 was considered
to indicate a statistically significant difference.

Results

Galectin-7 mRNA and protein levels are elevated in Type |
endometrioid cancer with increasing tumor grade. Galectin-7
mRNA (Fig. 1A) and protein (Fig. 1B) were quantitated using
RT-qPCR and ELISA, respectively. Galectin-7 mRNA levels
were low in all samples tested, but increased with cancer
grade, and was significantly increased in Grade 3, compared
with benign tissue (Fig. 1A; F; ,5 3.181; P<0.05). Galectin-7
protein was almost undetectable in proliferative phase and
benign endometrium tissues (Fig. 1B), but increased with
increasing cancer grade, and was significantly increased in
Grade 3 tissues, compared with benign and Grade 2 tissues
(Fig. 1B; F, 55 3.401; P<0.05).

In EC cell lines, galectin-7 protein was almost undetectable
in AN3CA cells (0.375+0.09 pg/ug), expressed at low levels
in Ishikawa cells (2.365+0.39 pg/ug) and highly expressed in
HECIA cells (72.24+32.37 pg/ug) (Fig. 1C).

Galectin-7 decreases Ishikawa cell adhesion and enhances
cell migration. To determine the functional effect of galectin-7
on adhesion, proliferation and apoptosis, Ishikawa (Fig. 2A-C),
AN3CA (Fig. 2D-F) and HEC1A (Fig. 2G and H) cells were
treated with recombinant galectin-7 (1 pg/ml) and assayed
by xCELLigence (adhesion, proliferation) or flow cytometry
(proliferation, apoptosis). Galectin-7 treatment reduced the
cell index (a measure of cell attachment) during the period
of cell-plate adhesion (up to 6 h) of Ishikawa (4-6 h; Fig. 2A)
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Figure 1. Galectin-7 production increases with increasing EC grade.
(A) Galectin-7 mRNA production by benign post-menopausal endome-
trium and EC from Grades 1, 2 and 3. (B) Galectin-7 protein production by
proliferative phase endometrium, benign post-menopausal endometrium and
EC from Grades 1, 2 and 3. (C) Galectin-7 protein production by EC cell
lines after 48 h of culture in serum-free media. Significant difference was
calculated by one-way analysis of variance; 'P<0.05. EC, endometrial cancer;
prolif, proliferative phase.

and AN3CA cells (2-6 h; Fig. 2D) compared with the control.
Cell index was also reduced during the period of prolifera-
tion (12-72 h) in Ishikawa cells (36-72 h; Fig. 2B) and AN3CA
cells (18-72 h; Fig. 2E) (P<0.05; n=4/group). Conversely,
galectin-7 had no significant effect on HEC1A cell index at
any time-point (Fig. 2G and H; n=4/group). To determine
whether the reduced cell index reflected reduced proliferation
or increased apoptosis, flow cytometry was performed on
Ishikawa and AN3CA cells treated with galectin-7; however,
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no significant effect of galectin-7 was determined on cell
cycle or apoptosis in either cell line (Fig. 2C and F), indicating
that the lower cell index seen in Ishikawa and AN3CA cells
throughout the assay was due to reduced cell adhesion.

To migrate or invade, cells must first de-attach, then
re-attach. To investigate whether the reduced cell adhesion
observed in the xCELLigence assay would affect cell migra-
tion, wound-healing assays were performed on Ishikawa
cells (Fig. 3A). Galectin-7 treatment (1 ug/ml) significantly
enhanced Ishikawa wound closure after 24 and 48 h compared
with the control (Fig. 3B; P<0.05; n=4/group).

Galectin-7 increases collagen type IV o 1 chain (COL4Al)
and intercellular adhesion molecule 1 (ICAMI) expression.
To investigate the mechanism by which galectin-7 reduced
cell adhesion and enhanced migration, the effect of galectin-7
treatment on the expression of a variety of factors involved
with cell adhesion and migration was assessed by RT-qPCR
(Fig. 4). Galectin-7 treatment (1 pg/ml) for 24 h significantly
elevated Ishikawa expression of COL4al (Fig. 4A; P<0.05;
n=4/group) and ICAMI1 (Fig. 4B; P<0.05; n=4/group), although

transforming growth factor 1 (TGFf1) and integrin subunit a2
(ITGa2) levels did not change significantly (Fig. 4C and D).
No effect of galectin-7 treatment was determined on the
expression of galectin-7, or the epithelial-mesenchymal
transition-associated genes epithelial-cadherin, TWIST1 or
TWIST2 (data not shown).

Discussion

To the best of our knowledge, this is the first study to identify
and characterize a role for galectin-7 in EC. It was demon-
strated that tissue galectin-7 levels increased with increasing
EC grade. In vitro, the experiments indicated that increasing
galectin-7 would promote EC cell tumorigenesis by reducing
EC adhesion and enhancing EC cell migration. It was also
determined that galectin-7 had no significant effect on prolif-
eration or apoptosis.

Galectin-7 has tissue specific pro- or anti-tumorigenic
actions. It was demonstrated that in EC, galectin-7 may be
pro-tumorigenic, via its actions to promote cell migration.
This has also been observed in breast (16), ovarian (26) and
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cervical adenocarcinoma cells (27). Conversely, unlike the
pro-apoptotic function of galectin-7 in colon and prostate
cancer (19,21) in the present study, it was determined that
galectin-7 had no effect on apoptosis in EC cell lines. In breast
cancer cells, galectin-7 is protective against apoptosis (16), a
function that was not directly investigated in the present study.
Why galectin-7 has differential roles in cancer is not well
understood; however, the sub-cellular (nuclear, cytoplasmic or
secreted) localization of galectin-7 may be important in deter-
mining its functional roles (8). The sub-cellular compartment
that galectin-7 localizes to in EC remains to be determined. It
is hypothesized that in vivo, elevated galectin-7 may promote
invasiveness of EC within the uterus and also serve a role in
the development of metastatic lesions.

Although galectin-7 production was significantly
increased in Grade 3 EC (Fig. 1A and B), the levels were
highly variable between women, indicating that Grade 3 EC
should be separated into two cohorts: High; and moderate
galectin-7 production. We previously demonstrated two
cohorts of interleukin 11 production in Grade 3 EC (28).
Galectin-7 production was also highly variable between
the 3 EC cell lines tested (Fig. 1C), possibly reflecting the
levels of galectin-7 in the original cancer from which these
cell lines were generated. Given the high levels of galectin-7

produced by HECI1A cells, it is unsurprising that exogenous
galectin-7 had no functional effect in these cells. It would be
beneficial to investigate the effect of galectin-7 knockdown
on HECI1A cells. The data indicates that EC with elevated
galectin-7 production will exhibit decreased cell-cell adhe-
sion and increased migration, potentially resulting in EC with
greater tumorigenic potential. The association between EC
metastasis and galectin-7 production should be investigated:
Notably, the HEC1A cell line is also the most appropriate for
generating metastatic EC in vivo (29).

Galectin-7 RNA and protein expression was elevated in
EC, compared with benign endometrium in the present study;
however, the mechanism resulting in elevated galectin-7 in
EC is not known. Galectin-7 is well known as a p53 inducible
protein. In other cancer types, including breast and ovarian,
galectin-7 expression is elevated due to a mutation in the p53
gene (17,30). In breast cancer, this mutant p53 elevates galectin-7
via nuclear factor-xB and tumor necrosis factor a, without
inducing apoptosis (30). In EC, p53 is mutated in ~90% of type II
serous carcinoma types, but only 11% of all type I endometrioid
carcinoma types, although this rises to 20-30% for grade 3 cancer
types (31). In the present study, elevated galectin-7 in type I
endometrioid carcinoma (which is not characteristically associ-
ated with p53 mutations) was determined, indicating that p53
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mutation may not be the only mechanism to elevate galectin-7 in
EC. The most common mutation in type I endometrioid cancer
types is PTEN (31); however, there is no information regarding
PTEN regulation of galectin-7 in any tissue. Altered methylation
of galectin-7 is also associated with altered galectin-7 production
in gastric cancer (20) and lymphoma (32). Although altered meth-
ylation is a feature of EC (31), there is no information regarding
methylation of galectin-7 in EC. The role of estrogen should
also be considered, due to Type I EC being characteristically
estrogen-mediated; however, there is no information regarding
whether estrogen regulates galectin-7 production. Further studies
are required to determine the mechanism resulting in altered
galectin-7 production in EC.

To mimic the rising levels of galectin-7 determined in
EC, EC cell lines were treated with recombinant galectin-7
for the in vitro functional assays. The concentration used
(1 ug/ml) was determined from the manufacturer's protocols
and dose-response trials in previous studies (14,15), but it is
notable that extracellular galectin-7 remains to be identified
in EC. Galectin-7 could not be detected in the endometrial
epithelial EC cell line conditioned media (data not shown).
Whether galectin-7 is secreted by EC tissue has not been
investigated; however, exogenous galectin-7 is endocytozed
into breast and ovarian cancer cells within minutes of appli-
cation (33). Furthermore, extracellular galectin-7 upregulates
intracellular galectin-7 production in breast and ovarian
cancer cells (33),indicating that extracellular galectin-7 is able
to exert its action via intra- and extra-cellular mechanisms.
It was hypothesized that the recombinant galectin-7 utilized
in the present study would have extra- and intra-cellular
actions. We have previously demonstrated that endometrial
epithelial cell lines display functional responses to exog-
enous galectin-7 (14,15). Whether exogenous galectin-7
is endocytozed into EC cells is yet to be determined: An
increase in intracellular galectin-7 mRNA in Ishikawa cells
24 h after galectin-7 treatment was not identified (data not
shown); however, only one time-point was used and intracel-
lular protein was not measured.

Galectin-7 may promote tumorigenesis by altering the
adhesive state of EC cells and promoting migration. To the best
of our knowledge, the present study demonstrated for the first
time that galectin-7 enhanced the gene expression of COL4al
and ICAMI1, which are associated with cell adhesion and
migration. COL4al encodes the gene for the a chain of type IV
collagen, a flexible basement membrane protein that assists in
interactions with the basement membranes of nearby cells.
COL4al has not been previously associated with EC, except
for a previous study indicating it is induced by Kruppel-like
factor 9 in HECIA cells (34). Supporting a role for COL4al
in EC invasion and metastasis, knockdown of COL4al
impairs invasion of urothelial carcinoma of the bladder (35).
ICAMI is a cell surface glycoprotein, which binds to integrins
[cycle of differentiation 11 (CD11)/CD18] to promote cell-cell
adhesion. ICAMI is regulated by STAT1 in type II serous
papillary EC (36) and is elevated in endometriosis (37). Our
previous study using the endometrial epithelial ECC-1 cells
to model endometrial luminal epithelium during menstrual
repair demonstrated galectin-7 at 2.5 yg/ml enhanced ECC-1
wound closure via integrin binding and upregulation of
[-catenin, contactin and TGFp1. Notably, no significant effect
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of galectin-7 at 1 ug/ml on TGFp1 expression was determined
in Ishikawa cells in the present study, possibly due to the lower
concentration of galectin-7 used. Despite this, the function of
galectin-7 was identical between these two endometrial cell
lines.

Although the xCELLigence data indicated that galectin-7
reduced cell attachment, experiments were not performed
in the present study to confirm this; however, supporting an
anti-adhesive role for galectin-7, we have previously demon-
strated that exogenous galectin-7 impairs cell-cell adhesion
between primary human endometrial epithelial cells (isolated
from fertile females) and trophoblast cells (15). An effect of
galectin-7 on EC adhesion and migration should be confirmed
using primary EC cells.

In conclusion, elevated galectin-7 in EC may promote
tumorigenesis via decreased cell attachment and increased
migration. The role of galectin-7 in EC should be confirmed
using primary EC cells and in vivo mouse models. Future studies
should be directed towards determining the prognostic value
of galectin-7 levels in serum or uterine fluid from females with
EC. Serum galectin-7 concentration is a promising prospec-
tive biomarker for predicting subsequent miscarriage or the
development of preeclampsia in pregnancy (15,23). Galectin-7
may also have potential as a therapeutic target to treat EC,
and inhibitors are currently being developed (38) and could be
tested in mouse models of EC. Overall, the present study has
identified galectin-7 as a novel mediator of EC progression.
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