Wang et al. Journal of Ovarian Research (2018) 11:29
https://doi.org/10.1186/s13048-018-0397-9

Journal of Ovarian Research

RESEARCH Open Access

Adipokine RBP4 drives ovarian cancer cell

migration

Yanyan Wang'?, Yilin Wang' and Zhenyu Zhang'

@ CrossMark

Abstract

as well as expressions of oncogenic factors.

Background: Obesity has been linked to several types of cancers including ovarian cancer. Retinol binding protein
4 (RBP4) is an adipokine that drives the development of hyperinsulinemia and type Il diabetes in obesity patients
and animals. Previously, we have identified RBP4 as a serum marker for ovarian cancer. Here we further explored
the consequence of RBP4 upregulation in ovarian cancer cells and its molecular mechanism.

Results: Our results show that RBP4 is overexpressed in ovarian cancer cells to the same extent as in adipose
tissues. The overexpression of RBP4 in ovarian cancer cells promotes cancer cell migration and proliferation. At
molecular level, cancer progression factors MMP2 and MMP9 are induced in response to RBP4 overexpression. We
further investigated which signaling pathways are utilized by RBP4 to activate ovarian cancer cell migration. We
found RhoA/Rockl pathway is turned on and CyclinD1 is upregulated in RBP4 overexpressed cells. Inhibition of
RhoA/Rockl pathway reduces the RBP4-induced MMP2 and MMP9 expression. The RBP4 action is depend on its
associated ligand vitamin A/retinol acid (RA) and possibly involves similar pathways as for conferring insulin
resistance. Moreover, we show that knockdown of RBP4 significantly reduce cancer cell migration and proliferation

Conclusions: Our results indicated that RBP4 can drive ovarian cancer cell migration and proliferation via RhoA/
Rockl and ERK pathway. It suggests that RBP4 act as a oncogene in ovarian cancer cells. Thus, RBP4 could be a
molecular bridge between obesity and cancers and a potential target for treating obese cancer patients.
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Background

Obesity is a well-established cancer risk factor and its
occurrence is strongly associated with several types of
cancers, including breast, colon, endometrial, ovarian,
gastric, pancreatic and liver cancers [1, 2]. However, the
molecular mechanisms that link obesity and cancers re-
main largely elusive. Identifying metabolites and secreted
factors that connect increased fat mass to tumorigenesis
is one of the central questions.

Retinol binding protein 4 (RBP4) is secreted by liver
and adipose tissues [3, 4]. RBP4 acts as the major trans-
porter for vitamin A/retinol acid (RA) in serum [3].
Under normal physical conditions, RA bound RBP4 cir-
culates together with transthyretin (TTR) as a holo-
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RBP-TTR complex [5]. Upon arrival, RA can either enter
the targeted cell by passive diffusion or active transpor-
tation by Stimulated by RA 6 (STRA6) [6-10].

Besides its transportation function, RBP4 has recently
been recognized as an adipokine [4]. Cumulative evi-
dences showed that overexpression of RBP4 from adipose
tissues promote hyperinsulinemia and type II diabetes
[11-15]. Several pathways have been identified mediate
RBP4 signaling [16]. RA and its oxidative products can ac-
tivate retinoic acid receptors and retinoid X receptors and
promote glucose production in liver [17]. RBP4 with RA
can activate STRA6, which will then recruit and activate
Janus kinase and the transcription factors STAT3 or
STATS5 [18]. RBP4, independent of RA and STRA6, could
promote pro-inflammatory responses possibly through
pathways involving c-Jun N-terminal protein kinase
(JNK)1, JNK?2, or Toll-like receptor [19].

Ovarian cancer is the most lethal type of gynecological
cancer in the world [20]. Ovarian cancers have a high
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occurrence rate in obesity peoples and obesity has been
shown to promote ovarian cancer metastatic [21]. Re-
cently, we found that RBP4 level is highly upregulated in
ovarian cancer serum samples [22]. Overexpression of
RBP4 had also been reported in liver, bone, and colon
cancer cells [23-27]. However, the consequence of RBP4
overexpression on cancers and the mechanism of action
of RBP4 in cancers are not clear.

We here investigated whether RBP4 is a tumorgenic
factor that connects obesity and ovarian cancer. Our
data showed that RBP4 was up-regulated in ovarian can-
cer cells and overexpression of RBP4 promoted cancer
cell migration. The MMP-2 and MMP-9, key factors in
cancer metastasis, were induced by RBP4 overexpres-
sion. We further identified RhoA/Rockl pathway as me-
diators for RBP4 action. RhoA and Rockl were
overexpressed in response to RBP4 and inhibition of
RhoA/Rockl reduced MMP-2 and MMP-9 expression.
The RBP4 action was dependent on its associated ligand
RA. Moreover, knockdown of RBP4 greatly reduced can-
cer migration. Our data not only established RBP4 as a
direct linkage between obesity and ovarian cancer, but
also suggested RBP4 was a possible target for cancer
treatment, especially in those associated with obesities.

Methods

Study samples

This study was approved by the Medical Ethical Com-
mittee of Beijing Chaoyang Hospital (Beijing, China).
The written informed consents were obtained from all
the participants enrolled in the study. Specimens were
sampled from patients undergoing surgery for ovarian
carcinoma or benign ovarian tissues at the Beijing
Chaoyang Hospital.

All procedures were approved by the Animal Care and
Use Committee of Beijing Chaoyang Hospital (Beijing,
China). All experiment methods were performed in ac-
cordance with the relevant guidelines and regulations. In
brief, healthy specific-pathogen-free (SPF) male SD rats
were purchased from the Vital River. All rats were pre-
served under standard housing laboratory conditions.
After one week of adaptation to the diet and the new en-
vironment, female SD rats were divided into two diet
groups: the normal control (NC) group fed ad libitum a
standard rodent chow, the high-fat (HF) group fed ad
libitum a high-fat chow. After six weeks to induce obes-
ity, the ovarian tissues were obtained after euthanasia.

Reagents
Antibodies against RBP4 (#ab109193), actin (#ab8226),
RhoA  (#ab187027), p-RhoA (#ab41435), ROCK1

(#ab45171), Erk (#ab54230), p-Erk (#ab51100), Cyclin D1
(#ab134175), MMP2 (#ab37150), MMP9 (#ab38898) were
obtained from Abcam, USA. ROCKI1 inhibitor Y27632
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was purchased from Sigma, USA. All primers for qPCR
were ordered from Invitrogen (Shanghai, China).

Human ovarian cancer cell line A2780 was obtained
from Prof. Haiteng Deng laboratory [28, 29]. SKOV3
was preserved in our lab [30]. Cells were maintained in
DMEM medium in incubator with 5% CO, at 37 °C.

Cell transfection

To upregulate the expression of RBP4, the human RBP4
full length ¢cDNA was amplified and inserted into the
pCMV-Flag vector, and a scramble sequence was
inserted into the pCMV-flag vector as the control vector.
To knock down the expression of RBP4, a RBP4 siRNA
was designed and obtained from Jima Inc. (Shanghai,
China). For transfection, the cells were seeded into 6-
well plates. When cell confluency reached 50%, RBP4
siRNA or RBP4-pCMV-Flag was transfected into the
cells using lipo2000 according to the manufacturer’s
instructions.

Western blotting

Cells were lysed in RIPA buffer with protease and phos-
phatase inhibitor cocktail. Equal amount of protein sam-
ples was loaded onto 12% SDS-PAGE and was then
transferred to PVDF membranes. After blocking with 5%
BSA for 1 h at room temperature, the membranes were
incubated with primary antibodies at 4 °C overnight.
Then, the membranes were incubated with horseradish
peroxidase-conjugated secondary antibody (from Zhong-
shanjingiao, China) for 1 h at room temperature. The pro-
tein bands were visualized by ChemiDoc XRS+ (BioRad,
USA). Data analysis was done using Quantity one.

Quantitative reverse transcription- polymerase chain
reaction (qRT-PCR)

Total RNA was isolated from the cells using trizol
method. RNA was reverse transcribed using the Prime-
Script RT Master Mix (B-Belife, China) according to the
manufacturer’s instructions. The PCR amplifications
were performed using SYBR Premix Ex Taq II (B-Belife,
China). The expression level of each sample was intern-
ally normalized against that of the glyceraldehyde 3-
phosphate dehydrogenase (GAPDH). The relative quan-
titative value was calculated using 27**“* method. Each
experiment was performed in triplicate. The primers
used in real-time PCR were as follow: RBP4 F: AGGA-
GAACTTCGACAAGGCTC; RBP4 R: GAGAACTCCG
CGACGATGTT; GAPDH F: GGAGCGAGATCCCTC-
CAAAAT; GAPDH R: GGCTGTTGTCATACTTCT-
CATGG; RHOA F: AGCCTGTGGAAAGACATGCTT;
RHOA R: TCAAACACTGTGGGCACATAC; Rockl F:
AACATGCTGCTGGATAAATCTGG; Rockl R: TGT
ATCACATCGTACCATGCCT; cyclinD1(CCND1) F: GC
TGCGAAGTGGAAACCATC; cyclinDI(CCND1) R:
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CCTCCTTCTGCACACATTTGAA; ERK1 F: CTACA
CGCAGTTGCAGTACAT; ERK1 R: CAGCAGGATC
TGGATCTCCC; MMP2 F: TACAGGATCATTGGCTA-
CACACGC, MMP2 R: GGTCACATCGCTCCAGACT;
MMP9 F: TGTACCGCTATGGTTACACTCG; MMP9
R: GGCAGGGACAGTTGCTTCT.

Immunohistochemistry

The expression of RBP4 was assessed using immunohis-
tological staining as described previously [20]. Briefly,
tissue samples were fixed and cut to 5 ym thick. RBP4
antibody was applied on the sections for 30 min and in-
cubated overnight at 4 °C then shaking at room
temperature for 30 min. Antibody binding was amplified
using biotin and streptavidin HRP for 10 min each and
the complex was visualized using DAB. ALL sections
were assessed microscopically for positive DAB staining.
The immunostained sections were examined under mi-
croscopy and the expression level of RBP4 was scored
on the basis of the intensity of staining.
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In vitro migration assay

A 24-well Transwell chamber (Corning, #3422, USA)
was used to examine the invasive ability of the ovar-
ian cancer cells. Cells were suspended in DMEM
medium and were added into the upper Transwell
chamber. The lower Transwell chamber was filled
with DMEM medium supplemented with 10% FBS.
After incubation of 16 h at 37 °C, the non-migrated
cells were removed with a sterile cotton swab, and
the migrated cells were stained with 0.1% crystal vio-
let for 20 min at room temperature. The numbers of
cells were calculated under a light microscope in five
random fields.

Proliferation assay

Cell proliferation was determined by MTT assay. Cells
were seeded at 1000 cells/well in a 96-well plate. After
incubation for indicated time, MTT was added into the
plate incubated for 4 h. The optical density (OD) was
measured 490 nm at designated time.
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Cell cycle analysis

Cell cycle distribution was analyzed by PI staining
and flow cytometry. The 1x10° cells / well were
seeded in 6-well plates. The cells were then harvested,
fixed with 70% ice cold ethanol, and stored at 4 °C
until analysis. After fixation, the cells were washed
twice with cold phosphate-buffered saline (PBS) and
centrifuged, following which the supernatants were re-
moved. The pellet was resuspended and stained with
PBS containing 50 pg/ml PI and 100 pg/ml RNaseA
for 20 min in the dark. The cell cycle data were ana-
lyzed using Modifit software.

Page 4 of 10

Statistical analysis

All the continuous variables were expressed as average
+ standard deviation (SD). Student’s t-test was used for
the difference analysis. A P value of more than 0.01 was
considered as statistical significance. Graphpad 5.0 soft-
ware was used for all the statistical analyses.

Results

Expression of RBP4 in ovarian cancer tissues and obesity
tissues

We first detected the RBP4 expression levels in ovarian
cancer tissues. Western blot results showed that the RBP4
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Wang et al. Journal of Ovarian Research (2018) 11:29

protein was upregulated by nearly 4-fold in ovarian cancer
tissues comparing to the benign ovarian tissues (Fig. la-b).
The higher expression of RBP4 was further verified by qRT-
PCR experiment (Fig. 1c) and immunostaining (Fig. 1d). The
mRNA level of RBP4, as revealed by qRT-PCR, was twofold
higher in ovarian cancer tissues comparing to the benign
ovarian tissues (Fig. 1c). The RBP4 level in cancer tissues,
shown in brown, was significantly increased comparing to
the benign ovarian tissues, which only exhibited weak stain-
ing (Fig. 1d). As a control, we created obese rat model by fed
with a high-fat group rats and measured the expression level
of RBP4 in ovarian tissues. Similarly as in previous report [4],
the RBP4 level was elevated in ovarian tissues from the high
fat (HF) group compared to the normal control (NC) group
(Fig. 1e-h). The extent of RBP4 overexpression was compar-
able in ovarian cancer cells and in adipose tissues.

RBP4 promotes migration and proliferation of ovarian
cancer cells

We used ovarian cancer cell line A2780 and SKOV3 to test
the effects of RBP4 expression on ovarian cancer. Firstly, we
confirmed the effect of RBP4 overexpression and knocked
down in A2780 and SKOV3 cells (Fig. 2a). Then the trans-
well migration assays showed that RBP4 overexpression can
greatly enhance cancer cell migration in both cell lines (Fig.
2b). In contrast, cancer cells were less mobile when RBP4
was knocked down with siRNA (Fig. 2b). We then carried
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out proliferation assay to explore the effect of RBP4 expres-
sion on cell proliferation in A2780 and SKOV3 cells. The re-
sults showed that ovarian cancer cells with RBP4
overexpression grows faster than control cells, while the
RBP4 knockdown inhibited cell proliferation (Fig. 2c). Fi-
nally, we analyzed the cell cycle distribution with respect to
RBP4 expression. More cells were in S and G2/M phase
when RBP4 overexpressed (Fig. 2d). Collectively, these
results indicated that RBP4 promotes migration and prolif-
eration of ovarian cancer cells.

RBP4 induces migration-related genes expression in
ovarian cancer cells

We have shown that RBP4 overexpression can greatly
stimulate ovarian cancer cell migration. Then, we tested
the expression level of MMP2 and MMPY, which are es-
sential for cancer metastasis [31]. Both protein and
mRNA levels of MMP2 and MMP9 were elevated when
RBP4 overexpressed in SKOV3 and A2780 cells (Fig. 3).
The observation further confirmed the effect of RBP4
expression on cancer cell migration.

RBP4 activates RhoA/Rock1 pathways and cyclin D1

To explore how RBP4 exerts its effect on cancer cells,
we tested the expression level of several key players in
tumorigenesis related signaling. RBP4 overexpression
stimulated the expression of both RhoA and Rockl. In
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RBP4 overexpression groups, the RhoA and Rock1 levels
were elevated at both mRNA and protein level (Fig. 4a,
b). Moreover, the p-RhoA level was also increased,
revealed by western blotting. Similarly, the Cyclin D1 ex-
pression was promoted at both mRNA and protein level.
Previously, overexpressed phospho-ERK triggerd ovarian
cancer cell migration [32, 33]. Although the ERK expres-
sion level remained unchanged upon RBP4 overexpres-
sion, the phosphorylated ERK had been elevated by
RBP4 overexpression (Fig. 4c, d). Interestingly, suppres-
sion of RBP4 expression significantly reduced the level
of RhoA/Rockl as well as Cyclin D1 comparing to con-
trol group (Fig. 4).

RBP4 action is partially dependent on RhoA1/rock
pathway

Rockl inhibitor Y-27632 had been shown to effectively in-
hibit Rockl and its associated pathways [34]. To test if
RBP4 induced cancer cell migration is RhoA/Rockl
dependent, we added Y-27632 to our RBP4 overexpression
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cells. Y-27632 can effectively reduce the MMP-2/
MMP9 expression level even when RBP4 overex-
pressed. However, the level of MMP2/MMP9 with Y-
27632 was still higher than control group. The results
indicated that the RBP4 action was partially depend-
ing on Rockl pathway (Fig. 5a and b).

RBP4 action is dependent on RA

RBP4 is a major RA transport protein [3]. We tested
whether the RBP4 effect on ovarian cancer cells is RA
dependent. In the absence of RA, the RBP4 overexpres-
sion had moderate stimulation on RhoA/Rockl and Cyc-
lin D1 expression (Fig. 6a, b). When RA was added, the
RBP4 effect was stimulated. As a control, RA had little
effect when RBP4 is suppressed. RA was partially
transported through membrane transporter STRA6
and RBP4-RA complex had been shown to activate
STRAG6 and its associated signaling pathways [6-10].
We tested the expression level of STRA6 in ovarian
cancer cells with qRT-PCR. The STRA6 mRNA level
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stayed the same in either RBP4 overexpression or
knockdown cells (Fig. 6c).

Discussion

Obese patients are associated with high cancer risk, poor
prognosis and reduced response to anti-cancer therapies
[1, 2]. Obesity is intrinsically linked with metabolic syn-
drome that can indirectly promote cancers as metabolic
reprogramming is a hallmark of cancer. Especially for
ovarian cancer, obesity has been shown to promote can-
cer metastasis [21]. Besides that obesity can indirectly
affect cancer metastasis through increasing lipogenesis,
enhancing vascularity, and decreasing infiltration [21].
Here, we established a direct molecular linkage between
adipokine RBP4 and ovarian cancer. RBP4 is a well-
established obesity factors that is overexpressed by adi-
pose tissues [4]. We proved that high level of RBP4 can
stimulate migration and proliferation of ovarian cancer
cells. The overexpression of RBP4 stimulated the expres-
sion of matrix metalloproteinase MMP-2 and MMP-9,
which degraded extracellular matrix and enabled cancer
cells migration. Moreover, RBP4 highly expressed in
ovarian cancer cells and high level of RBP4 had been
documented in ovarian patient’s serum samples [22]. We
thus proposed that high level of RBP4, either from adi-
pose tissues or cancer tissues, can promote cancer

metastasis and obesity signaling, vice versa. Although
currently lack of clinical data, it would be interesting to
survey if ovarian cancer patients have a high rate of
obesity and insulin resistance.

RBP4 and its associated RA have been shown to trig-
ger several downstream pathways to confer insulin re-
sistance [16—19]. The pathways could also be shared in
promoting cancer metastasis. The effect of RBP4 on
tumor metastasis is RA dependent. RA has broad meta-
bolic roles including stimulating lipogenesis [35], which
has been shown to promote ovarian cancer metastasis
[21]. It has been documented that RBP4 bound RA, but
not apo RBP4 can induce signaling of STRA6 [18]. The
STRAG6 expression and its signaling has been proposed
drive oncogenic transformation of cancer cells [34].
STRA6 expressed in the ovarian cancer cell lines, al-
though its level was not affected by RBP4. STRA6 could
mediate, at least part of the RBP4 effect. Circulating
RBP4-RA was associated with their partner protein TTR
[5], which inhibited the RBP4-RA triggered STRA6 sig-
naling [7]. To our knowledge, there is no correlation of
expression level of TTR with ovarian cancer. It is
quite likely that when RBP4 overexpressed, the TTR
was not enough to block STRA6 signaling even
STRA6 level remained unchanged. On the other
hand, RBP4 itself without RA can still promote
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metastasis, although to a lesser degree. It has been
shown RBP4, independent of RA and STRAS6, can in-
duce pro-inflammation reaction [19].

Adding to the existing knowledge, we showed that
RhoA/Rockl pathway was turned on in response to
RBP4 overexpression. RhoA/Rockl pathway played pivot
roles in cell morphogenesis, adhesion, and motility and
was often activated in malignant cancers [36]. Previous
reports had shown that inhibition of RhoA/Rockl sup-
pressed MMP-2 and MMP-9 action [37-39]. Consist-
ently, we observed that inhibiting RhoA/Rockl pathway
with Rockl inhibitor Y-27632 can reduce RBP4 induced
MMP-2 and MMP-9 overexpression, indicating that the
migration effect of RBP4 was mediated by RhoA/Rockl
pathway. However, how RBP4 activated RhoA/Rockl
pathway was less clear. Considering RBP4 was mainly a
secretive protein, novel membrane receptors was pos-
sibly involved in promoting RBP4 signaling. Further
studies were in demand to fully elucidating the RBP4
signaling pathways that related to cancers.

We observed that knockdown of RBP4 can greatly
suppress ovarian cancer cell migration and proliferation.

Considering RBP4 as a circulating protein, targeting
RBP4 could be a relative easy option for ovarian cancer
treatment, especially those associated with obesities.

Conclusion

In conclusion, this study described the function of RBP4
in driving ovarian cancer cell migration and proliferation.
Moreover, the underlying molecular mechanism of RBP4
was activation of RhoA/Rockl pathway and CyclinD1
expression. Therefore, RBP4 could be a molecular bridge
between obesity and cancers and a potential target for
treating obese cancer patients.

Abbreviations
RA: Vitamin A/retinol acid; RBP4: Retinol binding protein 4; STRA6: Stimulated
by RA 6; TTR: Transthyretin

Acknowledgements
We thank Dr.Cui from Chinese Academy of Science for data analysis.

Funding
This work was supported by National Natural Science Foundation of China
(81571455).



Wang et al. Journal of Ovarian Research (2018) 11:29

Availability of data and materials
None.

Authors’ contributions

Yanyan Wang performed experiments, and wrote the manuscript; Yilin Wang
contributed to data analysis. ZZ designed and supervised the project. All
authors read and approved the final manuscript.

Ethics approval and consent to participate
This study was approved by the ethical committees of Beijing Chaoyang
Hospital, Capital Medical University, China.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Department of Gynaecology and Obstetrics, Beijing Chaoyang Hospital,
Capital Medical University, No. 8 South Road, workers’ Stadium, Chaoyang
District, Beijing 100020, China. The First Affiliated Hospital of Jinzhou
Medical University, No.2, people’s street, Jinzhou 121001, China.

Received: 30 November 2017 Accepted: 12 March 2018
Published online: 11 April 2018

References

1. O'Flanagan CH, Bowers LW, Hursting SD. A weighty problem: metabolic
perturbations and the obesity-cancer link. Horm Mol Biol Clin Invest. 2015;
23:47-57.

2. lyengar NM, Hudis CA, Dannenberg AJ. Obesity and cancer: local and
systemic mechanisms. Annu Rev Med. 2015;66:297-309.

3. Blaner WS, Retinol-binding protein: the serum transport protein for vitamin
a. Endocr Rev. 1989;10:308-16.

4. Yang Q, Graham TE, Mody N, Preitner F, Peroni OD, Zabolotny JM, et al.
Serum retinol binding protein 4 contributes to insulin resistance in obesity
and type 2 diabetes. Nature. 2005,436:356-62.

5. Raghu P, Sivakumar B. Interactions amongst plasma retinol-binding protein,
transthyretin and their ligands: implications in vitamin a homeostasis and
transthyretin amyloidosis. Biochim Biophys Acta. 2004;1703:1-9.

6. Noy N. Retinoid-binding proteins: mediators of retinoid action. The
Biochemical journal. 2000;348(Pt 3):481-95.

7. Berry DC, Croniger CM, Ghyselinck NB, Noy N. Transthyretin blocks retinol
uptake and cell signaling by the holo-retinol-binding protein receptor
STRA6. Mol Cell Biol. 2012,32:3851-9.

8. Terra R, Wang X, Hu Y, Charpentier T, Lamarre A, Zhong M, et al. To
investigate the necessity of STRA6 upregulation in T cells during T cell
immune responses. PLoS One. 2013;8:282808.

9. Berry DC, Jacobs H, Marwarha G, Gely-Pernot A, O'Byrne SM, DeSantis D, et
al. The STRAG receptor is essential for retinol-binding protein-induced
insulin resistance but not for maintaining vitamin a homeostasis in tissues
other than the eye. J Biol Chem. 2013;288:24528-39.

10.  Kawaguchi R, Yu J, Honda J, Hu J, Whitelegge J, Ping P, et al. A membrane
receptor for retinol binding protein mediates cellular uptake of vitamin a.
Science. 2007;315:820-5.

11. Graham TE, Yang Q, Bluher M, Hammarstedt A, Ciaraldi TP, Henry RR, et al.
Retinol-binding protein 4 and insulin resistance in lean, obese, and diabetic
subjects. N Engl J Med. 2006;354:2552-63.

12. Cho YM, Youn BS, Lee H, Lee N, Min SS, Kwak SH, et al. Plasma retinol-
binding protein-4 concentrations are elevated in human subjects with
impaired glucose tolerance and type 2 diabetes. Diabetes Care. 2006;29:
2457-61.

13. Lee DC, Lee JW, Im JA. Association of serum retinol binding protein 4 and
insulin resistance in apparently healthy adolescents. Metab Clin Exp. 2007;
56:327-31.

20.

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

34.

35.

Page 9 of 10

Gavi S, Stuart LM, Kelly P, Melendez MM, Mynarcik DC, Gelato MC, et al.
Retinol-binding protein 4 is associated with insulin resistance and body fat
distribution in nonobese subjects without type 2 diabetes. J Clin Endocrinol
Metab. 2007;92:1886-90.

Takebayashi K, Suetsugu M, Wakabayashi S, Aso Y, Inukai T. Retinol binding
protein-4 levels and clinical features of type 2 diabetes patients. J Clin
Endocrinol Metab. 2007,92:2712-9.

Fedders R, Muenzner M, Schupp M. Retinol binding protein 4 and its
membrane receptors: a metabolic perspective. Horm Mol Biol Clin Invest.
2015;22:27-37.

Chambon P. A decade of molecular biology of retinoic acid receptors.
FASEB journal: official publication of the Federation of American Societies
for Experimental Biology. 1996;10:940-54.

Berry DC, Jin H, Majumdar A, Noy N. Signaling by vitamin a and retinol-
binding protein regulates gene expression to inhibit insulin responses. Proc
Natl Acad Sci U S A. 2011,108:4340-5.

Norseen J, Hosooka T, Hammarstedt A, Yore MM, Kant S, Aryal P, et al.
Retinol-binding protein 4 inhibits insulin signaling in adipocytes by
inducing proinflammatory cytokines in macrophages through a c-Jun N-
terminal kinase- and toll-like receptor 4-dependent and retinol-independent
mechanism. Mol Cell Biol. 2012,32:2010-9.

Selvaggi SM. Tumors of the ovary, maldeveloped gonads, fallopian tube,
and broad ligament. Archives of pathology & laboratory medicine. 2000;124:
477.

Liu Y, Metzinger MN, Lewellen KA, Cripps SN, Carey KD, Harper El, et al.
Obesity contributes to ovarian Cancer metastatic success through increased
lipogenesis, enhanced vascularity, and decreased infiltration of M1
macrophages. Cancer Res. 2015;75:5046-57.

Cheng Y, Liu C, Zhang N, Wang S, Zhang Z. Proteomics analysis for finding
serum markers of ovarian cancer. Biomed Res Int. 2014;2014:179040.

Wang DD, Zhao YM, Wang L, Ren G, Wang F, Xia ZG, et al. Preoperative
serum retinol-binding protein 4 is associated with the prognosis of patients
with hepatocellular carcinoma after curative resection. J Cancer Res Clin
Oncol. 2011;137:651-8.

Uehara H, Takahashi T, Izumi K. Induction of retinol-binding protein 4 and
placenta-specific 8 expression in human prostate cancer cells remaining in
bone following osteolytic tumor growth inhibition by osteoprotegerin. Int J
Oncol. 2013;43:365-74.

Jiao C, Cui L, Ma A, Li N, Si H. Elevated serum levels of retinol-binding
protein 4 are associated with breast Cancer risk: a case-control study. PLoS
One. 2016;11:e0167498.

Abola MV, Thompson CL, Chen Z, Chak A, Berger NA, Kirwan JP, et al.
Serum levels of retinol-binding protein 4 and risk of colon adenoma.
Endocr Relat Cancer. 2015;22:L1-4.

Noy N, Li L, Abola MV, Berger NA. Is retinol binding protein 4 a link
between adiposity and cancer? Horm Mol Biol Clin Invest. 2015;23:39-46.
Yu W, Qu H, Cao G, Liu C, Deng H, Zhang Z. MtHsp70-CLIC1-pulsed
dendritic cells enhance the immune response against ovarian cancer.
Biochem Biophys Res Commun. 2017;494:13-9.

Qu H, Chen Y, Cao G, Liu C, Xu J, Deng H, et al. Identification and validation
of differentially expressed proteins in epithelial ovarian cancers using
quantitative proteomics. Oncotarget. 2016;7:83187-99.

Bai H, Li H, Li W, Gui T, Yang J, Cao D, et al. The PI3K/AKT/mTOR pathway is
a potential predictor of distinct invasive and migratory capacities in human
ovarian cancer cell lines. Oncotarget. 2015,6:25520-32.

Gialeli C, Theocharis AD, Karamanos NK. Roles of matrix metalloproteinases
in cancer progression and their pharmacological targeting. FEBS J. 2011;278:
16-27.

Tanaka Y, Terai Y, Tanabe A, Sasaki H, Sekijima T, Fujiwara S, et al. Prognostic
effect of epidermal growth factor receptor gene mutations and the
aberrant phosphorylation of Akt and ERK in ovarian cancer. Cancer Biol
Ther. 2011;11:50-7.

Lok GT, Chan DW, Liu VW, Hui WW, Leung TH, Yao KM, et al. Aberrant
activation of ERK/FOXM1 signaling cascade triggers the cell migration/
invasion in ovarian cancer cells. PLoS One. 2011;6:223790.

Uehata M, Ishizaki T, Satoh H, Ono T, Kawahara T, Morishita T, et al. Calcium
sensitization of smooth muscle mediated by a rho-associated protein kinase
in hypertension. Nature. 1997,389:990-4.

Morikawa K, Hanada H, Hirota K, Nonaka M, lkeda C. All-trans retinoic acid
displays multiple effects on the growth, lipogenesis and adipokine gene
expression of AML-l preadipocyte cell line. Cell Biol Int. 2013;37:36-46.



Wang et al. Journal of Ovarian Research (2018) 11:29

36.

37.

38.

39.

Narumiya S, Tanji M, Ishizaki T. Rho signaling, ROCK and mDia1, in
transformation, metastasis and invasion. Cancer Metastasis Rev.
2009;28:65-76.

Chang HR, Huang HP, Kao YL, Chen SL, Wu SW, Hung TW, et al. The
suppressive effect of rho kinase inhibitor, Y-27632, on oncogenic Ras/RhoA
induced invasion/migration of human bladder cancer TSGH cells. Chem Biol
Interact. 2010;183:172-80.

Chan CC, Wong AK, Liu J, Steeves JD, Tetzlaff W. ROCK inhibition with
Y27632 activates astrocytes and increases their expression of neurite
growth-inhibitory chondroitin sulfate proteoglycans. Glia. 2007;55:369-84.
Xue F, Takahara T, Yata Y, Xia Q, Nonome K, Shinno E, et al. Blockade of rho/
rho-associated coiled coil-forming kinase signaling can prevent progression
of hepatocellular carcinoma in matrix metalloproteinase-dependent
manner. Hepatology research: the official journal of the Japan society of.
Hepatology. 2008,;38:8310-7.

Page 10 of 10

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Background
	Results
	Conclusions

	Background
	Methods
	Study samples
	Reagents
	Cell transfection
	Western blotting
	Quantitative reverse transcription- polymerase chain reaction (qRT-PCR)
	Immunohistochemistry
	In vitro migration assay
	Proliferation assay
	Cell cycle analysis
	Statistical analysis

	Results
	Expression of RBP4 in ovarian cancer tissues and obesity tissues
	RBP4 promotes migration and proliferation of ovarian cancer cells
	RBP4 induces migration-related genes expression in �ovarian cancer cells
	RBP4 activates RhoA/Rock1 pathways and cyclin D1
	RBP4 action is partially dependent on RhoA1/rock pathway
	RBP4 action is dependent on RA

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

