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Abstract: Background: It has been reported that Galectin-1 (Gal-1) indicates bad prognosis of patients with ovar-
ian cancer, and Gal-1 overexpression promotes metastasis of ovarian cancer cells. Nevertheless, the underlying
mechanisms of the Gal-1-mediated enhancement of metastasis are still unclear. Furthermore, little is known about
whether Gal-1 affects epithelial-mesenchymal transition (EMT) in ovarian cancer. Methods: The human SKOV3-ip
and SKOV3 cell lines were transfected with Gal-1 siRNAs and LV-Gal-1 lentivirus, respectively. Cell migration and cell
invasion abilities were examined by transwell assays. Protein or mRNA levels of Gal-1, p-JNK1/2, t-JNK1/2, p-p38,
t-p38 and EMT markers were detected via immunohistochemistry, qRT-PCR and western blot in SKOV3-ip as well
as SKOV3 cells. A xenograft tumour model was used in vivo to ascertain whether upregulation of Gal-1 in ovarian
cancer cells can enhance metastasis in vivo. Results: In a total of 107 human ovarian cancer tissues, higher Gal-1
expression strongly associated with higher histological grade, more lymph node metastases and more advanced
FIGO stage, while lower E-cadherin expression strongly associated with higher histological grade, more lymph node
metastases and more advanced FIGO stage. In vitro assays revealed that Gal-1 promoted migration and invasion of
ovarian cancer cells, as well as EMT. Additionally, the results showed that Gal-1 enhanced EMT, migration and inva-
sion by activating the MAPK JNK/p38 signalling pathway. Moreover, in vivo bioluminescence imaging revealed that
Gal-1 modulated ovarian cancer metastasis in nude mice. Immunochemistry of xenograft tumour tissues confirmed
that Gal-1 may modulate metastasis and EMT via the MAPK JNK/p38 signalling pathway. Additionally, treatment
of Gal-1 mice with the MAPK JNK/p38 signalling pathway antagonists SB203580 or SP600125 reduced cancer
metastasis. Conclusion: Gal-1 enhances metastasis and EMT of ovarian cancer cells via promoting the activation
of the MAPK JNK/p38 signalling pathway, suggesting the possibility that Gal-1 is a molecular target to prevent and
cure ovarian cancer metastasis.
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pathway

Introduction gets have not been discovered, and the patient
prognosis of ovarian cancer is still poor. For this
reason, it is of vital importance to search for
biomarkers related to early screening, diagno-

sis and prognosis.

Ovarian cancer is a serious threat to the physi-
cal and mental health of women [1]. Mostly, ter-
minal ovarian cancer was diagnosed in patients,
so their prognosis remains poor [2, 3]. Although

increasing numbers of genes and signalling
pathways, some of which are potential thera-
peutic targets, have been shown to be strongly
correlated with the pathogenesis of ovarian
cancer, practical and effective therapeutic tar-

Most tumour-related deaths in patients suffer-
ing from solid tumours are not due to the pri-
mary tumour but rather to metastasis or inva-
sion. Most patients with ovarian cancer are
diagnosed at terminal stages, and this cancer
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type features high invasiveness [2]. The pro-
cess of metastasis involves the dissemination
of primary tumour cells to other places via com-
plicated, multi-stage biological activities. Va-
rious reports have discovered that epithelial-
mesenchymal transition (EMT) has a vital effect
on the metastasis and invasion of tumour cells,
manifested as the upregulation of mesenchy-
mal markers, like vimentin, as well as the down-
regulation of epithelial-related genes, like E-
cadherin [4]. EMT takes place in carcinoma pro-
gression, and the tumour cells become more
aggressive [5]. Meanwhile, after EMT, tumour
cells gain more metastatic and invasion poten-
tial, similar to embryonic mesenchymal cells,
with an increased ability to invade adjacent
stroma to form new tumour foci [5, 6].

Galectin-1 (Gal-1), which is encoded by the hu-
man LGALS1 gene, is part of the family of car-
bohydrate-binding proteins [7]. In the cell, Gal-1
takes part in sugar-dependent interactions with
other proteins [8]. Out of the cell, autocrine
sugar-dependent and paracrine interactions
with B-galactoside-containing glycoconjugates
can activate Gal-1 [9, 10]. Studies have shown
that overexpression of Gal-1 correlates with
cancer malignancy in various human malignant
tumours [11-13], like ovarian cancer [14] and
gastric cancer [15]. Moreover, our previous
studies demonstrated that overexpression of
Gal-1 associated with bad prognosis of epithe-
lial ovarian cancer patients, and Gal-1 could
enhance tumour progression as well as chem-
oresistance of ovarian cancer cells [16].

Previous researches have demonstrated that
Gal-1 enhances carcinoma invasion by trigger-
ing the activation of the MAPK JNK/p38 signal-
ling pathway [17, 18]. MAPKs include a class of
serine/threonine kinases, which can be trig-
gered by growth or stress factors, thus playing
a vital part in signal transduction inside the
cell. Upon stimulation, ERK, SAPK/JNK, or p38,
which belong to MAPK protein subgroups, can
be activated. It has been previously reported
that MAPKs play vital roles in various biological
activities related to malignant tumours, such as
ovarian cancer [3, 19, 20]. At present, convinc-
ing evidence shows that the MAPK JNK/p38
signalling pathway closely correlates with EMT
in several cancers, such as ovarian cancer [21,
22].
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In the current research, we explored whether
Gal-1 promotes EMT in ovarian cancer via trig-
gering activation of the MAPK JNK/p38 signal-
ling pathway. In our previous research, Gal-1
expression levels were higher in human ovarian
cancer tissues than in normal ovarian tissues,
and higher expression of Gal-1 was correlated
with bad prognosis [16]. In the current research,
we detected the relationship of Gal-1 as well as
E-cadherin expression in human EOC tissues
with clinicopathological characteristics of EOC
patients. Based on the clinical results, in vitro
as well as in vivo experiments were performed
to detect whether the overexpression or silenc-
ing of Gal-1 in ovarian cancer cells affects cell
migration, invasion and EMT and to analyse the
underlying mechanisms. Our results reveal that
Gal-1 promotes metastasis and enhances EMT
in ovarian cancer by triggering activation of the
MAPK JNK/p38 signalling pathway.

Materials and methods
Clinical samples and cell lines

A total of 107 human ovarian cancer tissues
were obtained from patients who had surgery
in the Obstetrics and Gynecology Hospital of
Fudan University from 2016 to 2017, and
patients’ clinical data were obtained after-
wards. The classification of clinical staging and
histological grading of ovarian cancer were
determined according to the FIGO 2014 sys-
tem. Approval from the research ethics commit-
tee was obtained prior to the study. In addition,
written informed consent from the patients
were obtained before experiment for the use of
their samples.

Human ovarian cancer cell lines (A2780/cp,
A2780, SKOV3, SKOV3-ip and Hey cells) were
obtained from ATCC. Cells were cultured based
on the instructions provided. The above-listed
cells were cultured in a humidified incubator
with 5% CO,.

Reagents and antibodies

The reagents SB203580 and SP600125 were
obtained from Beyotime Biotechnology (Jiang-
su, China). Anisomycin was obtained from MCE
MedChemExpress (NJ, USA). Anti-Galectin-1
antibody (Santa Cruz Biotechnology, Santa
Cruz, CA, USA); anti-E-cadherin, anti-N-cadher-
in, anti-vimentin, anti-t-p38, anti-p-p38, anti-t-
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JNK1/2, and anti-p-JNK1/2 antibodies (Cell
Signalling Technology, Danvers, MA, USA); and
anti-GAPDH antibody (Cell Signalling Techno-
logy, Danvers, MA, USA) were used in this study.

Immunohistochemistry

Immunohistochemical (IHC) assay of ovarian
cancer tissues was done according to the pub-
lished protocol [1]. Five-micrometre sections of
paraffin-embedded human ovarian cancer tis-
sues were prepared for staining. After dewax-
ing, the sections were rehydrated, and antigen
retrieval and endogenous peroxidase blocking
were performed. The slides were incubated
with primary antibodies overnight at 4°C. Af-
terwards, the slides were incubated with HRP-
conjugated secondary antibodies for one hour
at 37°C. Then, the slides were stained with a
DAB staining kit (Guge Biotech, Wuhan, China)
and haematoxylin (Guge Biotech, Wuhan, Chi-
na). The staining density of the slides was ju-
dged as shown below: negative staining means
negative or weak staining (less than 20% of
cells showed light-brown staining); positive st-
aining means moderate or strong staining
(more than 20% cells showed brown or dark-
brown staining).

Lentiviral production and transduction

The lentiviral vector carrying the Gal-1 gene
(LV-Gal-1) and the negative control lentiviral
vector were obtained from Genepharma (Sh-
anghai, China). The lentiviral vectors were tr-
ansfected into SKOV3 cells with 5 pug/ml poly-
brene (Genepharma, Shanghai, China). To ob-
tain stably transfected cells, puromycin (Sigma-
Aldrich) was added into the culture medium.

Transfection of siRNA

Gal-1 siRNAs (Genechem, Shanghai, China) we-
re used to downregulate Gal-1 expression. The
two siRNA sequences are shown below: Gal-1
siRNA-1 (5’-UUGCUGUUGCACACGAUGGUGUUG-
G-3’); Gal-1 siRNA-2 (5-GCUGCCAGAUGGAUA-
CGAAUUTGGA-3’). SKOV3-ip cells were trans-
fected with Gal-1 siRNAs with Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA). Four to
six hours post transfection, the cell culture
medium was changed. After 48 hours of trans-
fection, SKOV3-ip cells were used for further
examination.
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qRT-PCR

Total RNA was extracted by RNA Lysis Buffer
(TaKaRa, Dalian, China). cDNA was obtained by
reverse transcription using the RT Reagent Kit
(TaKaRa, Dalian, China). Real-time PCR was
carried out with the SYBR Green Real-Time PCR
Master Mix (TaKaRa, Dalian, China). GAPDH
was used as an internal reference. Primers
used in this study are as follows: Gal-1 (forward)
CTCCTGACGCTAAGAGCTTCG and (reverse) CC-
AGGCTGGAAGGGAAAGAC; MMP7 (forward) TT-
CCTCCACTCCATTTAGCA and (reverse) ACATTT-
ATTGACATCTACCC); uPA (forward) TGATTACCC-
AAAGAAGGAGG and (reverse) GCAAGGCAATG-
TCGTTGT); Snail (forward) TCGGAAGCCTAACT-
ACAGCGA and (reverse) AGATGAGCATTGGCA-
GCGAG; Slug (forward) AAGCATTTCAACGCCTC-
CAAA and (reverse) GGATCTCTGGTTGTGGTAT-
GACA; FN (Fibronectin) (forward) CCATCGCAA-
ACCGCTGCCAT and (reverse) CCATCGCAAACC-
GCTGCCAT; E-cadherin (forward) GCGTCCTGG-
CAGAGTGAATTTT and (reverse) GGCCTTTTGA-
CTGTAATCACAAA); N-cadherin (forward) ATCC-
TACTGGACGGTTCG and (reverse) TTGGCTAAT-
GGCACTTGA); and GAPDH (forward) TGACTTC-
AACAGCGACACCCA) and (reverse) CACCCTGT-
TGCTGTAGCCAAA.

Immunofluorescence assay

Cultured SKOV3-ip and SKOV3 cells were fixed
with 4% polymerized formaldehyde for 15 min.
5% BSA was used for blocking for 1 hour, then
cells were incubated with primary antibody
diluted at 1:50 in 5% BSA overnight at 4°C.
After washing with PBS, cells were incubated
with secondary antibody diluted at 1:500 in 5%
BSA for 2 hour at room temperature. The cells
were washed with PBS and incubated with DAPI
for 10 min at room temperature. Images were
obtained using a confocal microscope.

Migration and invasion assays

For invasion assays, before seeding cells, 60 pl
of Matrigel (BD Biosciences, San Diego, CA,
USA) was placed on the upper surface of the
24-well transwell chamber (Corning, New York,
USA). Cells (10%) in 100 ul of RPMI 1640 medi-
um were seeded in the upper chamber, and the
lower chamber was filled with 600 ul of medium
with 20% FBS. Twenty-four hours after incuba-
tion, cells remaining on the upper surface were
removed using a cotton swab, while the invad-
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ed cells were fixed, stained and photographed.
Five random fields of cells were selected and
counted for further calculation. For tumour cell
migration assays, the transwell chamber was
not pretreated with Matrigel, while the other
procedures were the same as in the tumour cell
invasion assays.

Western blot

Cells were lysed with RIPA buffer (Beyotime,
Shanghai, China) to obtain total protein. Then,
30-50 pg of protein was separated in 10%
SDS/PAGE gels and transferred to PVDF mem-
branes, which were blocked with 5% fat-free
milk. The membranes were then incubated
overnight at 4°C with a primary antibody and
incubated at room temperature for one hour
with a secondary antibody conjugated with
horseradish peroxidase. In the end, the protein
bands were examined with chemiluminescence
assay.

Tumour xenograft and bioluminescence imag-
ing

A total of 16 female nude mice (6 weeks old)
were fed in a standard environment. SKOV3
cells stably transfected with firefly luciferase
and LV-Gal-1/LV-GFP were generated, and 5 x
108 cells were injected intraperitoneally into
nude mice. For all 16 nude mice, 4 were inject-
ed with SKOV3-LUC-GFP cells, and the other 12
were injected with SKOV3-LUC-Gal-1 cells. Mice
injected with SKOV3-LUC-Gal-1 cells were divid-
ed into three groups at random (4 mice per
group): (a) vehicle control, (b) intraperitoneal
(i.p.) treatment with p38 inhibitor (SB203580),
and (c) i.p. treatment with JNK inhibitor (SP-
600125). Three weeks later, an i.p. injection of
luciferin (Promega) was given to the mice, and
luciferase activity detected in an In-Vivo Xtreme
Il imaging system (Bruker, Germany). Afterwa-
rds, the nude mice were decapitated and the
whole xenografted tumours were surgically
removed and fixed in formalin for immunohisto-
chemistry staining (IHC).

Statistical analyses

SPSS 16.0 (IBM, USA) was used for the statisti-
cal analyses. Continuous data was expressed
as the mean + SD, and analysed by independ-
ent t-test between two groups. Among multiple
groups, one-way ANOVA was applied, and Tur-
key test was applied as a post hoc test. The cat-
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egorical data were compared via the Chi-sg-
uared or Fisher’s exact tests as appropriate. Ap
value < 0.05 was regarded as statistically sig-
nificant.

Results

High expression of Gal-1 is closely correlated
with EMT and metastasis in human ovarian
cancer tissues

To explore the relationship between Gal-1 ex-
pression and EMT in ovarian cancer, immuno-
histochemistry assays were carried out to de-
tect the expression levels of Gal-1 and E-cad-
herin in 107 cases of epithelial ovarian can-
cer tissues (Figure 1). Table 1 demonstrates
the clinicopathological characteristics of these
patients and the relationship between these
features and Gal-1 as well as E-cadherin ex-
pression. Higher Gal-1 expression was close-
ly associated with higher histological grade,
more lymph node metastases and more ad-
vanced FIGO stage, while lower E-cadherin ex-
pression was closely associated with higher
histological grade, more lymph node metasta-
ses and more advanced FIGO stage. More-
over, the Spearman rank correlation analysis
demonstrated a negative correlation between
the expression of Gal-1 and E-cadherin in ovar-
ian cancer (Table 2). In conclusion, these clini-
cal data suggest that high expression of Gal-1
closely correlated with EMT and metastasis in
human ovarian cancer tissues.

Gal-1 enhances the migration as well as inva-
sion of ovarian cancer cells

To explore whether Gal-1 can promote the me-
tastasis of ovarian cancer, gRT-PCR was used
to examine Gal-1 expression in five ovarian can-
cer cell lines: A2780/cp, A2780, SKOV3, SKO-
V3-ip and Hey cells (Figure 2A). Among these
cells, SKOV3-ip cells had the highest expres-
sion of Gal-1, while SKOV3 cells showed the
lowest level of Gal-1 expression (Figure 2A). As
Galectins can exert different, often contradic-
tory functions in cancer depending of their
intracellular/extracellular localization, immuno-
fluorescence assay was performed to deter-
mine whether Gal-1 was expressed in cytosolic
and/or nuclear compartments in SKOV3-ip and
SKOV3 cells. Results showed that Gal-1 was
located in cytosolic compartments of both cells
(Figure 2B).
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Gal-1 E-cadherin

Figure 1. Representative images of immunohistochemically Gal-1 and E-cad-
herin staining in human ovarian cancer tissues. Typical image of positive cyto-
solic Gal-1 staining (A) and typical image of negative E-cadherin staining (B) of
a same sample. Typical image of negative Gal-1 staining (C) and typical image
of positive E-cadherin staining (D) of a same sample. Negative control of Gal-1

(E) and E-cadherin (F) staining.

Then, we detected the effect of Gal-1 on cell
motility and transmigration of SKOV3-ip and
SKOV3 cells via transwell migration as well as
invasion assays. Because SKOV3-ip cells had
the highest expression of Gal-1, siRNAs were
applied to silence Gal-1 expression in SKOV3-ip
cells. Gal-1 siRNAs significantly reduced the
mRNA and protein expression of Gal-1 (> 70%;
Figure 2C), and cell migration as well as inva-
sion abilities were dramatically decreased in
Gal-1 siRNA-transfected SKOV3-ip cells after
comparing to negative control cells (Figure 3A).
Additionally, a lentiviral vector (LV-Gal-1) was
used to upregulate Gal-1 expression in SKOV3
cells (Figure 2D). Upregulation of Gal-1 notably
enhanced cell migration as well as invasion
ability after comparing to control (GFP) in SK-
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0OV3 cells (Figure 3C). Mo-
reover, in order to deter-
mine whether the observ-
ed phenotype in ovarian
cancer cells was mediated
by intracellular or secreted
gal-1, a blocking experim-
ent was performed. As sh-
owed in Figure 3B, Gal-1
antibody did not affect cell
migration and invasion, wh-
ich suggested that intra-
cellular Gal-1 mediated the
observed phenotype. These
above data indicate that
intracellular Gal-1 may play
a vital part in increasing
the migration as well as
invasion abilities of ovarian
cancer cells.

Gal-1 promotes EMT in
ovarian cancer cells

Accumulating evidence has
shown that EMT of primary
carcinomas can initiate me-
tastasis [23], and EMT pl-
ays a key part in cancer
invasion as well as metas-
tasis [24]. To explore the
influence of Gal-1 on EMT in
human ovarian cancer ce-
lls, we detected EMT-rela-
ted mRNA and protein lev-
els via gRT-PCR and west-
ern blot in Gal-1 siRNA-tr-
ansfected SKOV3-ip cells and SKOV3-Gal-1
cells. In Gal-1 siRNA-transfected SKOV3-ip ce-
lls, we observed notably increased mRNA levels
of E-cadherin but significantly decreased levels
of MMP7, uPA, fibronectin (FN), N-cadherin,
Snail and Slug (Figure 4A). At the protein level,
E-cadherin was increased, while N-cadherin
and vimentin were significantly decreased
(Figure 4C). In contrast, SKOV3-Gal-1 cells
showed decreased mRNA levels of E-cadherin
but increased mRNA levels of MMP7, uPA,
fibronectin (FN), N-cadherin, Snail and Slug
(Figure 4B). Simultaneously, the E-cadherin
protein level decreased in SKOV3-Gal-1 cells,
while N-cadherin and vimentin increased in
SKOV3-Gal-1 cells (Figure 4D). These data
strongly indicate that Gal-1 initiates EMT in
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Table 1. Relationship between Gal-1 and E-cadherin immunos-
taining and the clinicopathological features of 107 patients
with ovarian cancer cases assessed using the chi-square test

SKOV3-Gal-1 cells. In Gal-1 siRNA-
transfected SKOV3-ip cells, the
levels of p-JNK/t-JNK and p-p38/t-

p38 were dramatically reduced

Gal-1 E-cadherin

Parameters N pvalue  + - pualue (Figure 5A), but these levels were
A significantly promoted in SKOV3-
ge brears) Gal-1 cells (Figure 5B). The above

<60 34 26 0936 30 30 0.647 a g ) .
5 60 27 20 o4 93 results sugggst fchat Gal-1 can trig-
_ ger the activation of the MAPK
Tumor Size INK/p38 signalling pathway. To
<5cm 25 18 0847 26 17 0.09 test whether the MAPK JNK/p38
25cm 36 28 28 36 pathway correlates with the regu-
Histological subtype latory effect of Gal-1 on EMT in
Serous 38 27 0.903 36 29 0.426 ovarian cancer cells, we tested
HGSC 33 24 32 25 the relationship between Gal-1-
LGSC 5 3 4 4 induced EMT and the MAPK JNK/
Other 23 19 18 24 p38 signalling pathway with the
Histological grade MAPK p38 antagomst SB203580,
Low 16 28 0002 38 9 <0.001 MAPK JNK antagonist SP600125
] ’ ’ and MAPK JNK/p38 pathway ago-
High 42 18 16 44 nist anisomycin. In Gal-1 siRNA-
FIGO stage transfected SKOV3-ip cells, aniso-
I+l 23 30 0.005 34 19 0.005 mycin significantly decreased E-
n+v 38 16 20 34 cadherin expression and upregu-
Lymph Nodes Metastasis lated N-cadherin and vimentin
NO 23 29 0.009 35 17 <0.001 expression (Figure 5C). Moreover,
YES 38 17 19 36 in SKOV3-Gal-1 cells, both SB-

HGSC: High-grade serous carcinoma; LGSC: Low-grade serous carcinoma.

Table 2. Relationship between Gal-1 and E-
cadherin expressions in 107 human primary
ovarian cancer tissues
Gal-1
+ -

R p value

E-cadherin
+ 19 35
- 42 11

-0.441  <0.001

ovarian cancer cells. In summary, the above-
mentioned results demonstrate that Gal-1
plays a vital part in the EMT-MET plasticity of
ovarian cancer cells.

Gal-1 promotes EMT via the MAPK JNK/p38
signalling pathway in ovarian cancer cells

Previous studies suggested that the activated
MAPK JNK/p38 pathway could induce EMT in
malignant tumours [25]. Consequently, we ex-
plored whether the MAPK JNK/p38 pathway
participated in the regulation of EMT by Gal-1
in Gal-1 siRNA-transfected SKOV3-ip cells and
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203580 and SP600125 signifi-
cantly reduced N-cadherin and
vimentin expression and upregu-
lated E-cadherin expression (Figure 5D). Ad-
ditionally, in Gal-1 siRNA-transfected SKOV3-ip
cells, anisomycin significantly enhanced cell
migration and invasion abilities (Figure 6A and
6B). In control siRNA-transfected SKOV3-ip
cells, anisomycin did not affect cell migration or
invasion abilities, possibly because the basal
phosphorylation levels of MAPK JNK/p38 were
already relatively high. At the same time, in
SKOV3-Gal-1 cells, both SB203580 and SP-
600125 significantly decreased migration and
invasion abilities (Figure 6C and 6D). In SKO-
V3-GFP cells, SB203580 or SP600125 did not
have the same effects, possibly because the
basal phosphorylation levels of MAPK JNK/p38
were relatively low. In summary, the above data
demonstrate that Gal-1 may promote the
metastasis of ovarian cancer cells and regu-
lates EMT via the MAPK JNK/p38 pathway.

Upregulation of Gal-1 promotes the metastasis
of EOC in a nude mouse model

To verify the relationship between Gal-1 expres-
sion and tumour cell metastasis, a xenograft

Am J Transl Res 2019;11(6):3862-3878
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Figure 2. Expression and location of Gal-1 in different ovarian cancer cells. A. Gal-1 expression in the A2780/cp,
A2780, SKOV3, SKOV3-ip and HEY cell lines was detected by gRT-PCR. B. Cytosolic expression of Gal-1 via immu-
nofluorescence assay in SKOV3-ip and SKOV3 cells. C. Silencing of Gal-1 in SKOV3-ip cells decreased Gal-1 expres-
sion, which was detected by qRT-PCR and western blot. D. Overexpression of Gal-1 in SKOV3 cells increased Gal-1
expression, which was detected by gRT-PCR and western blot. **, P < 0.01.

tumour model was tested. Before cell injection,
we found no significant difference in the lumi-
nescence intensity of SKOV3-LUC-GFP and
SKOV3-LUC-Gal-1 cells (Figure 7A). Twenty-one
days after injection, primary and metastatic
tumours were examined on the basis of the
luminescence of luciferase. Photon counts
increased in the primary and metastatic sites
in the SKOV3 Gal-1 group (Figure 7B). Three
mice injected with SKOV3-Gal-1 cells devel-
oped metastases (multiple small metastatic
nodules) under the diaphragm and on the sur-
face of the liver, but no mice injected with
SKOV3-GFP cells had metastatic tumours (Fi-
gure 7C). Moreover, we measured numbers of
tumor implants and tumor weights. As showed
in Figure 7E, there was significant difference
between GFP group and Gal-1 group. These
data suggest that the upregulation of Gal-1 can
promote the metastasis of SKOV3 cells in vivo.

Next, we investigated the protein levels of Gal-
1, E-cadherin, N-cadherin, vimentin, p-p38 and
p-JNK in xenografted tumour slices. We found
that the SKOV3-Gal-1 group with high Gal-1
expression had high levels of vimentin, N-
cadherin, p-p38, and p-JNK and low levels of
E-cadherin. On the contrast, xenografted tu-
mour tissues from the SKOV3-GFP group with
low Gal-1 expression exhibited strong E-cad-
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herin expression and weak vimentin, N-cad-
herin, p-p38, and p-JNK expression (Figure 7D).

Additionally, we found that treatment of Gal-1
mice with SB203580 or SP600125 reduced
cancer metastasis (Figure 7E), further suggest-
ing that Gal-1 promoted the metastasis of
ovarian cancer cells via the MAPK JNK/p38
pathway.

Discussion

The development and progression of ovarian
cancer is a complex, multi-stage process ac-
companied by various genetic changes, the
overexpression of oncogenes, the downregula-
tion of tumour suppressor genes, and the ac-
quisition of metastatic capability [26]. A major-
ity of deaths caused by ovarian cancer are due
to tumour metastasis, tumour recurrence, and
delayed diagnosis of advanced stage disease
[27]. Nevertheless, sensitive diagnostic mark-
ers, effective drug targets and potent treat-
ment strategies are still lacking, which results
in the high mortality of ovarian cancer patients.

Galectins are soluble proteins that are widely
expressed in a lot of cell types and mediate
their functions both inside and outside the
cells. Up to now, a total of 11 galectins have

Am J Transl Res 2019;11(6):3862-3878
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Figure 3. Gal-1 promotes cell migration and invasion in different ovarian cancer cells in vitro. A. Silencing of Gal-1 via siRNAs in SKOV3-ip cells decreased migration
to and invasion of the bottom of transwell filters. B. SKOV3-ip cells transfected with control siRNA were treated with or without anti-galectin-1 antibodies (Gal-1 ab; 2
ug/ml). After 48 h, migration and invasion assay were performed. There was no significant difference between two groups. C. Overexpression of Gal-1 via lentivirus
in SKOV3 cells increased migration to and invasion of the bottom of transwell filters. Ns, none significant; **, P < 0.01.
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detected by western blot.

expression closely associ-
ated with higher histologi-
cal grade, more lymph no-
de metastases and advan-
ced FIGO stage. The results
of the in vitro experiments
coincide with the results
for cancer tissue, as the
lower metastatic SKOV3
cells had lower expression
of Gal-1, while the more
highly metastatic SKOV3-ip

been found in humans, acting both intracellu-
larly and extracellularly. Among them, Galectin-
1, Galectin-3 and Galectin-9 have drawn the
most attention of investigators, focusing on
cell biology and immunology [28]. These galec-
tins have diverse effects on tumours, includ-
ing activating oncogenic signal pathways [29-
31], regulating tumour cell growth or apoptosis
[32], modulating cell migration and suppress-
ing immune responses [33].
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cells had higher expression of Gal-1. Next, we
changed Gal-1 expression in SKOV3 and SK-
OV3-ip cells. Upregulation of Gal-1 in ovarian
cancer cells led to EMT and enhanced migra-
tion and invasion, while downregulation of Gal-
1 had the opposite effects. Furthermore, we re-
vealed crosstalk between Gal-1 and the MAPK
JNK/p38 signalling pathway. In addition, upreg-
ulation of Gal-1 enhanced migration and inva-
sion of human ovarian cancer cells in the nude
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Figure 6. Effects of the MAPK JNK/p38 signalling pathway on cell migration and invasion regulated by Gal-1. A and
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P < 0.001.

mouse model. Based on these data, we con-
clude that Gal-1 enhances metastasis and EMT
in ovarian cancer by regulating the MAPK JNK/
p38 signalling pathway (Figure 8).

Gal-1 is a part of the galectin family of proteins
with conserved carbohydrate-recognition do-
mains [34]. Galectin-1 is upregulated in many
cancers like colon [35], breast [36], lung, ovar-
ian [37] and prostate cancer [38]. In most
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instances, high expression of Gal-1 expression
is related to tumour metastasis. Gal-1 takes
part in many cancer-causing processes like
transformation [39], metastasis [39, 40], cell
proliferation [41] and cell migration [35]. It has
also been reported that Gal-1 participates in
tumour angiogenesis [42]. The current research
reveals a new role of Gal-1 in ovarian can-
cer metastasis via EMT induction by activating
the MAPK JNK/p38 signalling pathway. Ectopic
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Figure 7. Gal-1 in SKOV3 cells accelerates tumour cell metastasis in mouse tumour xenografts in vivo. A. The initial
bioluminescence images of SKOV3-LUC-GFP and SKOV3-LUC-Gal-1 cell lines. B. The bioluminescence images of xe-
nografted tumours were taken 21 days after injection. C. Anatomic images showing metastases on the liver surface
and sub-mesentery in mice with SKOV3-LUC-Gal-1 cell xenograft tumours. D. Representative IHC staining of Gal-1,
p-JNK, p-p38, E-cadherin, N-cadherin and vimentin in the xenografted tumour tissues of nude mice. E. Number of
tumour implants and tumour weight in the four groups. *, P < 0.05, **, P < 0.01, ***, P < 0.001.

5B203580

SP600125

Figure 8. Schematic diagram of the relationships among Gal-1, MAPK JNK/p38
signalling pathway and EMT. Gal-1 can activate the MAPK JNK/p38 signalling
pathway, which increases the expression of Slug and Snail, thus promoting cell
migration and invasion by increasing the expression of N-cadherin and decreas-

ing the expression of E-cadherin.

upregulation of Gal-1 in ovarian cancer cells
promotes EMT and simultaneously enhances
migration as well as invasion in vitro and in
vivo.

EMT has been reported to have an important
influence on the dissemination of malignant
cells during ovarian cancer progression [43].
Therefore, exploring the underlying mecha-
nisms of EMT may contribution considerably to
the discovery of new treatments for ovarian
cancer. Previous paper demonstrated that the
overexpression of Gal-1 leads to greater H-Ras-
GTP membrane association, more Raf-1 recruit-
ment sites, MEK-ERK pathway activation and
increased cell transformation [9]. The Ras-ERK
signalling pathway leads to EMT and is neces-
sary for the maintenance of the mesenchymal
state of carcinoma cells. This signalling path-
way works together with other signalling path-
ways to increase the expression of EMT-related
genes, such as mesenchymal genes and tran-
scriptional repressors of epithelial genes. In
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addition, Gal-1 triggers NF-
KB activation in kidney ca-
ncer, leading to CXCR4 ex-
pression [44]. Moreover,
the SDF-1/CXCR4 axis in-
duces EMT in glioblasto-
ma [45]. Our study sugge-
sted that the upregulation
of Gal-1 in ovarian cancer
cells led to the upregula-
tion of EMT-related mRNAs
and proteins. Moreover, de-
activation of MAPK JNK
and MAPK p38 reversed
the EMT induced by Gal-1
overexpression, indicating
that Gal-1 led to EMT via
activating the MAPK JNK/
p38 signalling pathway. Th-
erefore, we conclude that
the MAPK JNK/p38 signal-
ling pathway is very impor-
tant in the progression of
ovarian cancer mediated by
Gal-1.

Several upstream signalling pathways like the
MAPK, PI3K/AKT and TGF-B pathways, can reg-
ulate EMT [46-48]. Accumulating evidence has
indicated that EMT is correlated to chemore-
sisitance and that suppressing EMT reverses
chemoresistance [49, 50]. The MAPK JNK/p38
signalling pathway plays vital roles in tumour
invasion and metastasis [51]. Moreover, many
studies have indicated that the MAPK JNK/p38
signalling pathway induces EMT [52], which has
an influence on tumour metastasis. Also, re-
ports demonstrate that the MAPK JNK/p38
pathway affects the expression of EMT-related
proteins, including E-cadherin as well as vimen-
tin [21]. These previous reports suggest that
activation of the MAPK JNK/p38 signalling
pathway may lead to Gal-1-induced EMT in ovar-
ian cancer. Currently, results indicate that the
upregulation of Gal-1 leads to EMT activation of
the MAPK JNK/p38 signalling pathway. Fur-
thermore, despite a small cohort, clinical re-
sults of human ovarian cancer patients also
indicate that overexpression of Gal-1 is strongly
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associated with metastasis and EMT. In addi-
tion, Hsu et al. [53] describes that Gal-1 pro-
motes lung cancer tumour metastasis throu-
gh Notchl/Jagged signalling pathway. In the
future, we can also explore whether Gal-1 can
activate the Notch/Jagged pathway, and whe-
ther an inhibitor of Notch/Jagged pathway
can reverse the Gal-1 induced ovarian cancer
metastasis.

In brief, we have identified a novel biological
effect of Gal-1 in ovarian cancer and revealed
that the upregulation of Gal-1 triggers activa-
tion of the MAPK p38/JNK signalling pathway,
leading to enhanced ovarian cancer migration
and invasion via EMT. Consequently, our re-
search indicates that targeting Gal-1 in ovarian
cancer may serve as a promising treatment.
Moreover, Gal-1 may function as a molecular
biomarker in predicting metastasis and progno-
sis in ovarian cancer.
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