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Ascites promotes cell migration through the repression of  
miR-125b in ovarian cancer
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ABSTRACT

Interactions between ovarian cancer cells and the surrounding tumor 
microenvironment are not well characterized. Here, we investigated the molecular 
mechanisms by which malignant ascites promote the metastasis of ovarian cancer. It 
was found that ovarian cancer ascites promoted ovarian cancer cell migration which 
was attenuated by either heat inactivation or antibody blockade of TGF-β. High level 
(at ng/ml level) of TGF-β was detected in the ascites. In addition, ascites repressed 
the expression of miRNA-125b in a TGF-β-dependent manner. Mimic of miR-125b 
blocked ascites-induced cell migration. Furthermore, Gab2 (a target gene of miR-125b) 
was elevated by ascites in a TGF-β-dependent manner. And forced expression of Gab2 
reversed the inhibition of migration induced by miR-125b mimic. Most importantly, the 
expression of miR-125b and Gab2 mRNA was negatively correlated in ovarian cancer 
specimens. Taken together, our finding suggested that TGF-β in ascites promoted 
cancer cell migration through repression of miR-125b in ovarian cancer. This might 
provide a novel therapeutic target for ovarian cancer in the future.

INTRODUCTION

Ovarian cancer is the third common malignancy in 
female reproductive system. Despite enormous progress 
in cancer biology, ovarian cancer is one of the leading 
causes of cancer death among women worldwide due to 
the advanced stage of disease at diagnosis. Ovarian cancer 
is a highly metastatic cancer characterized by widespread 
intraperitoneal dissemination. It is well accepted that cancer 
metastasis is the major causes of the failure of cancer 
treatment. The clarification of molecular mechanisms 
regulating this process is vital for the development of an 
efficient therapy for ovarian cancer especially considering 
the early-stage detection is still a conundrum.

Cancer metastasis is a multi-step process and 
regulated by a complex interaction between cancer cells and 
their microenvironment. Due to the lack of an anatomical 

barrier, ovarian cancer can spread directly throughout the 
peritoneal cavity mainly by intra-abdominal and lymphatic 
dissemination, and metastasize to peritoneum and omentum 
[1]. Because of the same reason, ovarian cancer is prone to 
be regulated by the signaling from peritoneal cavity, such as 
ascites. It is well recognized that the presence of ascites is 
a poor prognostic indicator for survival in ovarian cancer. 
Five-year survival rate dramatically dropped from 45% to 5% 
when ascites appeared among women with stage III or IV 
epithelial ovarian carcinoma [2]. Even in women with stage I 
disease, ascites has been found to be a poor prognostic factor 
[3]. Although ascites is associated with cancer progression 
[4], the mechanisms by which ascites regulates the metastasis 
in ovarian cancer cells is not fully understood.

MicroRNAs (miRNAs) are approximately ~22 
nucleotide (nt) RNA molecules that modulate gene 
expression by translational repression and/or degradation 
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of mRNA, and are actively involved in the progress of 
metastasis and invasion in cancer [5]. Deregulation of 
miR-125b has been associated with metastasis and the 
poor prognosis [6, 7]. through targeting specific genes 
such as MTA1 (metastasis-associated gene 1) [8], Lin28B 
(Lin-28 homolog B) [6] and Gab2 (Grb2-associated 
binding protein 2) [9] in various cancers. In current study, 
we investigated whether ascites regulate ovarian cancer 
cell migration through miR-125b and which component in 
ascites plays this effect on ovarian cancer cells.

RESULTS

TGF-β involved in ascites-induced ovarian 
cancer cell migration

In the study, human ovary carcinoma-derived 
epithelial cell lines TOV-112D and SKOV-3 were used to 
test the effect of ascites on cell migration. It was shown 
by transwell assay that treatment with ascites for 10 hours 
significantly promoted cell migration in TOV-112D cell 

line (Figure 1A). However, heat treatment of ascites almost 
completely abrogated ascites-induced cell migration (Figure 
1A). Since TGF-β is a potent stimulator of cell migration in 
different cancers [10, 11], we hypothesized that it might be 
TGF-β in ascites to stimulate cell migration. Firstly, TGF-β 
at ng/ml level was detected in all ascites sample we tested 
(Figure 1B). Most importantly, pretreatment with anti-
TGF-β antibody dramatically abolished stimulatory effect 
of ascites on cell migration (Figure 1C). The same results 
were observed in SKOV-3 cell (data not show). The results 
indicated that TGF-β might contribute ascites-induced cell 
migration in ovarian cancer.

Repression of miR-125b mediated ascites 
induced cell migration

MiRNAs are emerging as important regulators of 
gene expression by inhibiting their translation [12, 13]. 
In previous study, we found that down-regulation of miR-
125b promoted colorectal cancer cell migration [9]. To 
test whether the miR-125b involved in ascites-related 

Figure 1: Ascites promoted ovarian cancer cell migration in a TGF-β-dependent manner. (A) Cells were seeded on transwell 
and migrated cells were stained and quantified after treatment with the ascites or inactivated ascites (heated at 100°C for 10 min) for 10 
hours. (B) The level of activated TGF-β in seven different ascites specimens (#1-#7) was measured with ELISA kit. Neg, negative control. 
(C) Same as (A), after 10-hour treatment with TGF-β, ascites or ascites conbined with anti-TGF-β antibody, migrated cells were quantified. 
The data showed the means ± SD from three independent experiments. *p < 0.05 vs corresponding control.
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migration, we measured the level of miR-125b. It was 
found that incubation with ascites, same as TGF-β (5μg/
mL), repressed the level of miR-125b in ovarian caner cell 
(Figure 2A). Inactivated ascites with heat did not show 
any effect on miR-125b (Figure 2A). Forced expression 
of miR-125b blocked ascites-induced cell migration 
compared with scramble RNA control group (Figure 2B). 
Pretreatment with anti-TGFβ antibody not only restored 
repression of miR-125b (Figure 2A) but also abolished cell 
migration induced by ascites in TOV-112D cells (Figure 
2B). Taken together, the findings indicated that repression 
of miR-125b mediated ascites-induced cell migration.

Gab2 mediated ascites induced cell migration

In previous study, we have identified Gab2 as miR-
125b target gene that functions to mediate cell migration 
in colorectal cancer [9]. Therefore we tested whether Gab2 
mediates ascites-induced cell migration in ovarian cancer 
cells. Firstly, ascites significantly enhanced the expression 
of Gab2 at mRNA level which was blocked by inactivation 
with heat and anti-TGF-β antibody (Figure 3A). The 

change of Gab2 protein was consistent with that of mRNA 
(Figure 3B). Specific siRNAs against Gab2 were applied to 
reduce the expression of Gab2 at both mRNA and protein 
levels (data not shown). Knockdown of Gab2 significantly 
blocked ascites-induced cell migration (Figure 3C). In 
addition, overexpression of Gab2 completely reversed the 
repression of cell migration induced by miR-125b (Figure 
3D). Therefore, these findings indicated that miR-125b 
targeted Gab2 and mediated cell migration induced by 
ascites.

Correlation of miR-125b and Gab2 in human 
ovarian cancer

To confirm the findings in vivo, the expression of 
miR-125b and Gab2 in 29 paired human ovary cancer 
specimens was measured by real time PCR. As shown in 
(Figure 4A and 4B), miR-125b was downregulated while 
Gab2 was upregulated in metastasis group compared with 
primary group. Importantly, the level of miR-125b was 
negatively correlated with the level of Gab2 in metastatic 
samples (Figure 4C). It strongly indicated that ascites 

Figure 2: MiR-125b mediated ascites- and TGF-beta-induced ovarian cancer cell migration. (A) After the treatment with 
TGF-β, ascites, inactivated ascites and ascites conbined with anti-TGF-beta antibody for 6 hours, cells were collected and tested for miR-
125b expression by real-time PCR. (B) Thirty-six hours after transfection with miR-125b or scramble RNA, the cells were seeded into 
transwell and incubated with or without ascites for 10 hours. Migrated cells were quantified. (C) Cells on transwell were treated with ascites 
for 10 hours combined with or without anti-TGF-β antibody. Migrated cells were quantified. The data showed the means ± SD from three 
independent experiments. p < 0.05, **p < 0.01, ***p < 0.001 vs corresponding control.
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might stimulate metastasis through miR-125b/Gab2 in 
human ovarian cancer.

DISCUSSION

Malignant ovarian ascites is rich in proteolytic 
enzymes, including MMP-2, MMP-9, and uPA [14, 15], 
biologically active lipid factors, such as lysophosphatidic 
acid (LPA) [16], a variety of cytokines, growth factors, 
and also hormones [17]. The presence of proteolytic 
enzymes in ascites and the correlation between ascites 
and poor prognosis suggest that this complex fluid may 
play an active role, rather than a passive role, in ovarian 
metastasis. In deed, malignant ascites is known to 
protect human ovarian cancer cells from TRAIL-induced 
apoptosis through αvβ5 integrin-mediated focal adhesion 
kinase/Akt activation and ERK1/2-Elk-1 signaling [17, 
18]. In addition, LPA in ascites has been shown to promote 
migration [19] and invasion of epithelial ovarian cancer 
cells [20, 21]. However, in current study, LPA does not 

seem to contribute to ascites-induced cell migration 
because LPA is relatively heat resistant [22]. We found 
that high TGF-β expression at ng/ml level was detected in 
all malignant ascites samples tested, which is consistent 
with previous report [23]. All samples were tested after 
acidification and the detected values concerned total 
TGF-β including active and latent form. Of note, no 
TGF-β in active form was detectable in any of the samples 
without acidification. Thus it is reasonable that the effect 
of TGF-β in ascites lies on the ability of cancer cell to 
locally activate latent TGF-β.

In the last decade, miRNAs have emerged as 
critical regulators in various cancers, including ovarian 
cancer [24]. The role of miR-125b in tumorigenesis is 
controversial since miR-125b can act as oncogene or 
tumor suppressor, depending on tumor types. In ovarian 
cancer, miR-125b has been shown to be downregulated 
and acts as a tumor suppressor [24, 25]. Consistently 
miR-125b suppressed the oncogenicity of ovarian cancer 
cells in nude mice. Furthermore, ectopic expression of 

Figure 3: Gab2 mediates miR-125b-related cell migration in ovarian cancer cell. After treatment for 10 hours, the expression 
of Gab2 (A) mRNA and (B) protein in cells was measured with real time PCR and western blot respectively. Cells were transfected with 
(C) siRNA against Gab2, or (D) miR-125b (mimic-125b) with or without Gab2-expressing plasmid (pENTER-Gab2). Thirty-six hours after 
transfection, the cells were seeded into transwell and treated with or without ascites for another 10 hours. Migrated cells were quantified. 
The data showed the means ± SD from three independent experiments. p < 0.05, **p < 0.01, ***p < 0.001 vs corresponding control.
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miR-125b in ovarian cancer cells induced cell cycle arrest 
and led to reduction in proliferation and clonal formation 
through the repression of a proto-oncogene, BCL3 [25]. 
In addition, PPARγ can induce growth suppression of 
ovarian cancer by transcriptional upregulation of miR-
125b and thereby inhibits proto-oncogene BCL3 [26]. 
Furthermore, miR-125b inhibited invasion and migration 
of ovarian cancer cells through posttranscriptional down-
regulation of EIF4EBP1 expression [27]. In present 
study, we found that the expression of miR-125b was 
downregulated in metastasis sites compared with primary 
tumor. This observation is consistent with previous finding 
that the level of miR-125b in tumor tissue went down 
with the progression of ovarian cancer [28]. However, 
serum level of miRNA-125b was significantly higher in 
epithelial ovarian cancer patients compared to health or 
benign controls, and especially was higher in early stages 

I and II. Notably, the higher level of miR-125b in serum 
was significantly correlated with better progression-free 
survival rate [28, 29].

Most interestingly, TGF-β is also involved in 
the formation of ascites. The accumulation of ascites is 
caused by an imbalance between fluid extravasation from 
the blood vessels and re-absorption by lymphatic vessels. 
Vascular Endothelial Growth Factor (VEGF) is crucial for 
the production of malignant ascites [30]. TGF-β blockade 
not only inhibited ascites production via inhibition of 
VEGF, but also improved ascites drainage in an orthotopic 
human ovarian carcinoma model [31]. Although TGF-β 
blockade decreased lymphangiogenesis, it maintained the 
normal lymphatic vessel morphology and valve structure 
resulting improved the drainage function of diaphragm 
lymphatic vessels [31]. In addition, TGF-β blockade has 
been shown to recruit pericyte and induce blood vessel 

Figure 4: Correlation of miR-125b and Gab2 in ovarian cancer specimens. The expression of miR-125b and Gab2 in paired 
primary and metastatic human ovarian cancer specimens was tested with real time PCR. The level of (A) miR-125b and (B) Gab2 were 
normalized with U6 or GAPDH respectively. (C) Pearson’s correlation analysis was conducted for Gab2/miR-125b. Black line represents 
linear regression line.
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“normalization” [32]. Thus, it is reasonable to consider the 
use of TGF-β blockade to inhibit cancer metastasis and 
also control ascites.

Actually, the interaction between TGF-β and miR-125 
has been showed in other cancers. Suppression of miR-125b 
mediated TGF-β-induced EMT in hepatocellular carcinoma 
(HCC) [33]. Moreover, miR-125b attenuated EMT-
associated chemoresistance, migration, and stemness of 
HCC both in vitro and in vivo [33]. These findings suggest a 
potential therapeutic treatment of miR-125b for liver cancer. 
On the other hand, miR-125b, miR-99a/100 and let-7 are 
encoded in two tricistrons on human chromosomes 11 and 
21 [34]. They are highly expressed in hematopoietic stem 
cells (HSCs). Notably, miR-125b, miR-99a/100 and let-7 
can switch the balance between TGF-β and Wnt signaling 
in order to regulate hematopoietic stem and progenitor 
cell homeostasis [34]. Thus, it is possible that miR-125b 
regulated by TGF-β in ascites might play an important role 
in the malignant behavior of ovarian cancer.

Taken together, our finding suggested that TGF-β 
in ascites promoted cell migration through repression of 
miR-125b in ovarian cancer. It not only reveals a novel 
molecular mechanism underlying promotion of metastasis 
by malignant ascites but also provides a potential target 
for development of new therapeutic approaches against 
ovarian cancer.

MATERIALS AND METHODS

Cell culture and treatment

Human ovarian epithelial cell lines TOV-112D and 
SKOV-3 were purchased from ATCC (Manassas, VA, 
USA). The cells were grown in Dulbecco’s modified 
Eagle’s medium/F12 (Hyclone) supplemented with 10% 
fetal bovine serum (Gibco).

MiR-125b mimic, inhibitor and negative control 
Oligos were obtained from GeneCopoeia (GuangZhou 
Ribobio Co. Ltd., China). SiRNA targeting Gab2(5’-GAG 
ACA GCG AAG AGA ACU ATT-3’) was purchased from 
Genepharma (Suzhou, China).

RNA isolation and real-time PCR

Total RNA was isolated from cell lines, patient 
samples with Trizol reagent (Invitrogen). After treatment 
with DNase I, RNA was reverse transcribed into cDNA 
with Thermo scientific maxima first strand cDNA 
synthesis kit for mRNA detection, or with Takara™ 
microRNA transcription kit for microRNA detection. 
Real time PCR was carried out on Bio-Rad S1000 PCR 
instrument and each sample was analyzed in triplicate. 
PCR data were normalized to GAPDH or U6 snRNA 
expression for mRNA and miRNA respectively.

Primers for miR-125b and U6 were obtained from 
GeneCopoeia (GuangZhou Ribobio Co.Ltd, China), The 
antisense primer for miRNAs was bought from Takara 

(Dalian, China). Gab2 primers as follows: sense, 5’-
CGC TGC TAGAC AAC AGC CGA CTT CAC C-3’ and 
antisense, 5’-GCC CAC AAT CAT TTT CCC T -3’.

Western blot

Proteins were extracted from TOV-112D cells with 
RIPA buffer (0.01%EDTA, 0.1% Triton X-100 and 10% 
proteinase inhibitor cocktail). Protein concentrations 
were quantified using a protein assay kit (Bio-Rad). 100 
μg of lysates were separated on 10% SDS-PAGE gel 
and transferred to polyvinylidene difluoride membranes. 
The membranes were probed overnight at 4°C with 
primary antibody against human Gab2 (Cell Signaling 
Technology, 1:1000), β-Actin (Sigma, 1:10000), followed 
by incubation with peroxidase-conjugated secondary 
antibody (Cell Signaling Technology) for 1.5 hours. The 
signal was visualized with ECL (Millipore).

Migration assay

After starving in serum-free media for 12 hours, 
5 × 104 cells were seeded on the top chamber of transwell 
(6.5-µm pore; Corning, MA, USA) and incubated with 
ascites or TGF-β (5 μg/mL) and TGF-β antibody (final 
concentration 2 μg/mL) (Santa Cruz Biotechnology), while 
600 µL media containing 10% FBS was added to the bottom 
chamber. Ten hours later, the cells remaining in the upper 
chamber were removed with cotton swabs and the cells on 
the undersurface of transwell were fixed and stained with 
crystal violet solution. The number of migratory cells was 
calculated by counting five different fields under a phase-
contrast microscope of each transwell filter.

Transduction with interferential miR-125b 
chemical and Gab2 plasmid

Full-length of Gab2 sequence and scrambled pENTER 
vector were purchased from Vigene (Rockville, MD, USA) 
and used as previously reported [9]. The cells in 6-well plates 
were transfected with miR-125b mimic (100 nM) combined 
with pENTER-Gab2. The transfection agent Lipofectamine 
2000 (Invitrogen) was incubated with DNA or RNA in 
serum free media for 20 minutes before incubating 6 hours 
at 37°C, the supernatant was replaced with 2mL complete 
medium. Assessment of the effects of gene expression on the 
migration was performed 48 to 72 hours after transduction.

Clinic tissue specimen

Ascites samples from 5 patients and all the ovarian 
cancer primary and metastasis sites tissue were obtained 
from Cancer hospital, Chinese Academy of Medical 
Sciences, Beijing, China. No patients received chemotherapy 
or radiotherapy before resection. Ascites samples without 
anticoagulants were centrifuged at 4,000 rpm for 20 minutes 
to separate fluid and cellular component, and the fluid was 
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store at -70°C until usage. Ascites treated at 100°C for 10 
min as a inactivated ascites group.

After obtaining informed consent and performing 
surgery at Cancer Hospital, Chinese Academy of Medical 
Sciences (Beijing, China), samples of primary ovarian 
cancer were taken and submerged in RNA later™ 
(Ambion) for 24h and then stored at -70°C until use. The 
use of human tissues was approved by the Institutional 
Review Board of the Chinese Academy of Medical 
Sciences Cancer Institute.

Measurement of activated TGF-β

Level of TGF-β in ascites was measured with a 
Human TGF-β 1 Quantikine ELISA Kit (R&D systems). 
All samples were acidified with 1N HCl for 10 minutes 
and then active form of TGF-β was tested according to 
manufacture’s recommendation.

Statistical analysis

Statistical analyses were performed on data 
collected from at least three independent experiments. 
Data were presented as means±SD and analysis using 
GraphPad Prism 5 software. Comparison of >2 groups 
was made using ANVOA with Tukey test. Comparison of 
2 groups was made using Student’s t test for unpaired data. 
The differences were considered statistically significant 
when p value less than 0.05.
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