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A B S T R A C T

Introduction: The expression of bone morphogenetic protein-10 (BMP-10) is downregulated in some cancer
types, but its function and mechanism in ovarian cancer remains unclear.
Materials and methods: BMP-10 expression was detected in ovarian cancer tissues and cell lines by using im-
munochemistry and western blotting. Prognostic value of BMP-10 was evaluated by Kaplan-Meier curve and Cox
regression model. Knockdown or overexpression of BMP-10 was conducted by using specific siRNA or pcDNA-
BMP-10 in ovarian cancer cell lines. The biological features induced by BMP-10 were observed by MTT assay,
wound-healing and transwell assays.
Results: BMP-10 expression in ovarian cancer tissues was significantly lower than that in ovarian tissues. Low
BMP-10 expression in ovarian cancer tissues was related to advance FIGO stage, higher histologic grade, lymph
node metastasis, and peritoneal fluid. Kaplan-Meier analysis revealed that low BMP-10 expression was sig-
nificantly associated with poor prognosis of patients with ovarian cancer. BMP-10 overexpression or knockdown
significantly inhibited or promoted proliferation, migration, and invasion of ovarian cancer cells, respectively.
Moreover, administration of neutralizing antibody or human recombinant BMP-10 would reverse these effects
on ovarian cancer cells.
Conclusion: Low BMP-10 expression was associated with poor prognosis and progression of ovarian cancer.

1. Introduction

Epithelial ovarian cancer is the second most common gynecologic
malignancy and the fifth leading cause of cancer death in female, with
more than 15,000 women dying of this disease annually worldwide
[12]. Women are often diagnosed as ovarian cancer at advanced stage,
which might lead to the high mortality rate. It is reported that ovarian
tumor cells can shed the peritoneal cavity to the layer of mesothelial
cells and then invade the inner surface of the peritoneum [16]. Fol-
lowing invading the superficial layers of abdominal organs, cancer cells
may subsequently spread to retroperitoneal lymph nodes and the
pleural cavity. Despite the initial effects of debulking surgery followed
by chemotherapy, the prognosis of ovarian cancer is still poor due to its
metastasis, chemoresistance, and recurrence [17]. Thus, finding novel
prognosis marker and targeting molecular may benefit for the ovarian
cancer therapy [4].

It has been reported that, several growth factors including vascular

endothelial growth factor (VEGF) family, epidermal growth factor re-
ceptor (EGFR), placental growth factor-2 (PGF-2), play crucial roles in
progression of ovarian cancer. Bone morphogenetic proteins (BMPs) are
a group of growth factors also known as cytokines and metabolites [2].
BMPs were firstly defined as pivotal morphogenetic signals in charge of
formation of bone and cartilage [1]. Recently. increasing studies in-
dicated that the BMPs were involved in cancer development, including
esophageal squamous cancer, breast cancer and colorectal cancer
[8,9,21]. In ovarian cancer, the BMP2, BMP4, and BMP6 were up-
regulated and involved in cell proliferation and invasion via activation
of PI3K-Akt and Smads signal pathway [10,11,15]. However, BMP-10
was also associated with tumor progression, which might play roles
opposite to other members of BMP family [13,18,22]. BMP-10 were
decreased in gastric and bladder cancer and functioned as a tumor
suppressor via inhibiting cell proliferation and migration. Nevertheless,
its expression characteristics and roles in ovarian cancer remain un-
known.
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In this study, we investigated the expression of BMP-10 in ovarian
cancer tissues. Besides, we also discovered its associations with clinical
and pathologic factors, as well as the prognostic implications. Further,
we detected the effects of knockdown of BMP-10 on biological beha-
viors. All these studies will provide new sight for ovarian cancer
therapy.

2. Materials and methods

2.1. Samples

All investigations in this study were approved by Ethic Committee at
Affiliated Hospital of Nantong University. Informed consent was ob-
tained from each patient. Ten normal human ovarian tissue samples
were obtained from patients who underwent gonadectomy. Sixty
ovarian cancer tissues were obtained from the pathology files of the
Department of Pathology at Affiliated Hospital of Nantong University
from 2002 to 2005 under the auspices of an institutional review board
approved human subjects study protocol. All tumors were from patients
newly diagnosed with ovarian cancer, who had received no therapy
before sample collection but received postoperative platinum-based
chemotherapy. The follow-up time was 5 years for 56 patients ranging
from 1 to 60 months. Besides, 8 pairs of fresh ovarian cancer tissues and
adjacent tissues were obtained for western blotting.

2.2. Immunohistochemistry

Formalin-fixed, paraffin-embedded sections were deparaffinized
using a graded ethanol. Then 0.3% hydrogen peroxide was used to
block endogenous peroxidase activity. The sections were treated with
10mM citrate buffer (pH 6.0) and heated to retrieve the antigen at
121 °C. Following rinsed in PBST, sections were blocked for 2 h and
then incubated overnight at 4 °C with anti-human BMP-10 polyclonal
antibody (diluted 1:100; Santa Cruz Biotechnology, Santa Cruz, CA)
and anti-Ki67 monoclonal antibody (diluted 1:100; Santa Cruz
Biotechnology). Negative control slides were also included using a
nonspecific immunoglobulin IgG (diluted 1:100; Santa Cruz
Biotechnology). All slides were processed using the anti-peroxidase
method (Dako, Hamburg, Germany). After rinsing in water, the sections
were counterstained with hematoxylin, dehydrated, and cover slipped.
Stained sections were observed under a microscope. All of the scores of
staining were blind evaluated by pathologists. For assessment of BMP-
10 and Ki67, 5 fields in each specimen were selected randomly, and
examined under high-power magnification. More than 500 cells were
counted to determine the mean percent, which represented the per-
centage of positive cells.

2.3. Cell culture

The human ovarian cancer cell line SKOV3 and OVCA3 were ob-
tained from the American Type Culture Collection (ATCC, USA). Omc-3
and Nose007 were purchased from Cell Bank of Chinese Academy of
Sciences (Shanghai, China). Cells were cultured in RMPI-1640 or
DMEM (Gibco, USA) with 10% fetal bovine serum (FBS; Gibco, USA)
and 1% penicillin and streptomycin (Sigma, USA) at 37 °C and 5% CO2
in a humidified atmosphere.

2.4. Transfection

cDNA fragments encoding BMP-10 were amplified by polymerase
chain reaction (PCR) and purified by gel extraction kit (QIAGEN, USA).
Then production was connected with pcDNA vector by T4 DNA ligase.
Following transformation and screening, plasmid was extracted by a
plasmid extraction kit (QIAGEN, USA) and confirmed by sequencing
analysis. Then pcDNA-BMP-10 plasmids and blank vector were trans-
fected to ovarian cancer cells by using Lipofectamine Plus (Invitrogen,

USA) according to the manufacturer’s instruction. The primers for
pcDNA-BMP-10 plasmid were as follows: sense:5′- CCGGAATTCGCAG
GCAGTTCCACCGAGCAG -3′; antisense: 5′- CCGCTCGA GGCGTCGCTA
TGGCTGCACACC -3′.

For gene knockdown, siBMP-10 and control were purchased from
Santa Cruz (USA). Transfection with Lipo2000 (Invitrogen, USA) was
performed according to the manufacturer's instructions. Sequences for
siRNA and negative control were as follows: Sense, 5′-GATCCGGAGA
TGTCCATGTCCAA; antisense, 5′-TTGAACTTGGAC ATGGACATCT
CCG-3′; negative control: sense, 5′-UUCUCCGATCGUCG CACGUTT-3′;
antisense, 5′ACGUGATACGUACGGAGAATT-3′

2.5. Wound-healing assay

Cell motility was assessed by wound-healing assay. Cells of each
group were plated in 6-well plates and grown to 90% confluence. Cells
were pretreated with Mitomycin C (Sigma, USA) to avoid the inter-
ference of cell proliferation. Each well was scratched with 10 μL pipette
tips, washed with PBS, and incubated with serum-free medium. The
wound-healing was observed under a microscope (Leica, USA) at 0 h
and 24 h.

2.6. Transwell assay

Cell invasion was assessed by 8-μm Transwell chambers (Corning,
USA). 5× 104 cells in 200 μL of serum-free medium were added into
the upper chambers pre-coated by Matrigel (BD, USA), and 600 μL of
culture medium containing 20% FBS was added into the lower cham-
bers. Following incubated for 24 h, chambers were fixed in ethanol and
stained with 0.1% crystal violet. Then, each sample were observed and
counted at 5 random views under microscope (Leica, USA).

2.7. Cell proliferation assays

Cell proliferation was detected by MTT assay. The transfected cells
or control group were seeded in 96-well plates at the density of 5× 103

cells/well. Then, a total of 20 μL MTT solution was added to each well
at different time point. Following incubation of 2 h, 150 μL DMSO was
added to dissolve the formazan crystals. At last, plates were detected at
wavelength of 570 nm by using a microplate reader (BioTek
Instruments, USA).

2.8. Western blotting

Proteins from tissues or cells were extracted with RIPA buffer.
Following quantification by BCA kit (Thermo, USA), samples were se-
parated by SDS-PAGE for 1.5 h and transferred onto PVDF membrane
for 2 h. Then, the membranes were blocked and incubated with primary
antibody of BMP-10 and GAPDH (1: 1000, (BMP-10, Santa Cruz
Biotechnology, USA) at 4 °C overnight. After washed by PBST, the
membranes were incubated with secondary antibodies (1:1000,
Thermo, USA) at room temperature for 2 h. Following washed three
time with PBST, samples were visualized by enhanced chemilumines-
cence solution (Merck Millipore, Germany).

2.9. Statistical analysis

Association between BMP-10 and clinicopathological variables were
evaluated using the Mantel-Haenzel W test or Fisher exact test. Survival
estimates were computed using the Kaplan-Meier method and multi-
variable cox regression assay. Comparisons between groups were ana-
lyzed using the log-rank test. P value less than 0.05 was considered
statistically significant.
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3. Results

3.1. Expression of BMP-10 in ovarian cancer tissues and adjacent tissues

BMP-10 expression in 8 pairs of fresh cancerous tissues and adjacent
tissues is shown in Fig. 1. Protein was extracted from fresh tissues and
prepared for protein quantification. Then, results of western blotting
showed that, in most pairs of samples, the BMP-10 expression was
lower in cancerous tissues in contrast to the adjacent tissues (Fig. 1A &
B). However, in T4 and N4 case, higher BMP-10 expression was ob-
served in tumor tissue rather than normal tissue, which could be esti-
mated as an individual difference. Furthermore, semi-quantification
indicated that BMP-10 protein expression was significantly lower than
that in adjacent tissues (Fig.1C &D, P < 0.01).

3.2. BMP-10 expression in ovarian tissues with different histological grade

The BMP-10 expression in ovarian tissues with different grades is
demonstrated in Fig. 2. Western blotting results showed that BMP-10
was overexpressed in normal ovarian tissues, while lower BMP-10 ex-
pression was observed in ovarian cancer tissues, especially in tissues of

advanced grade (Fig. 2A). Consistently, immunochemical results of 60
ovarian cancer tissues also indicated that advanced grade tissues had
stronger staining intensity than that of low grade tissues. However, Ki-
67 had an opposite expression characteristic with BMP-10 (Fig. 2B).
The mean percentage of Ki67- positive tumor cells was 25.12% (ranged
from 0.85% to 84.38%) in ovarian cancer tissues, while mean percen-
tage of BMP-10 was 4.38% (ranged from 2% to 17%). As shown in
Fig. 2C, a negative correlation between BMP-10 and Ki67 expression
was found based on proliferative activity (r2=−0.383, P < 0.01).

3.3. Correlation between BMP-10 Expression and clinicopathological
parameters in ovarian cancer

The association between BMP-10 expression and clinicopathological
features is summarized in Table 1. For statistical analysis, the expres-
sion of BMP-10 in the carcinoma specimens were divided into 2 groups,
namely, high and low expressions, according to the percentage of BMP-
10-positive cells, using a cutoff level of 30% representing the mean
value of BMP-10 expression. BMP-10 expression was significantly cor-
related with International Federation of Gynecology and Obstetrics
(FIGO) stage (P=0.08) and histologic grade (P=0.018), lymph node

Fig. 1. BMP-10 expression in ovarian cancer tissues and adjacent tissues.
Western blotting was conducted to detect BMP-10 expression in ovarian cancer tissues and self-matched tissues. (A, C) BMP-10 expression was determined in 8 pairs
of ovarian cancer tissues and adjacent tissues using western blotting. (B, D) Semi-quantification of intensity in A and C. BMP-10, bone morphogenetic protein-10. *,
P < 0.05; **, P < 0.01.

Fig. 2. BMP-10 expression in ovarian cancer with different his-
tological grade.
(A) Expression of BMP-10 was detected in ovarian cancer tissues
with different histological grade and adjacent tissues. (B) Paraffin-
embedded tissue sections were stained with antibodies of BMP-10
and Ki67 and counterstained with hematoxylin (×400), both of
BMP-10 and Ki-67 were distributed in nucleus. (C) Scatterplot of
Ki67 versus BMP-10 with regression line showing a correlation of
them using the Spearman correlation coefficient. Scale bar,
100 μM. BMP-10, bone morphogenetic protein-10; G1, Histologic
grade 1; G2, Histologic grade 2; G3, Histologic grade 3.
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metastasis (P=0.004) and peritoneal fluid (P=0.032). However, no
significant correlation was found with age, histologic subtype, residual
tumor size, and tumor cells in the peritoneal fluid.

3.4. BMP-10 expression as a prognostic marker in ovarian cancer

The overall survival curve according to BMP-10 expression is shown
in Fig. 3. The ovarian cancer patients with low BMP-10 expression had
significant shorter overall survival than patients with high BMP-10
expression (P < 0.01). Furthermore, multivariate Cox regression ana-
lysis indicated that BMP-10 expression (HR:4.834; 95%CI: 1.97–9.757;
P=0.002) was an independent prognostic factor in ovarian cancer,
along with factors like FIGO stage, the absence of peritoneal fluid, and
lymph node metastasis (Table 2).

3.5. BMP-10 negatively correlated with proliferation of ovarian cancer cells

To examine the role of BMP-10 in ovarian cancer, in vitro experi-
ment was further conducted (Fig. 4). BMP-10 expression varied among
different ovarian cancer cell lines, with higher expression in Nose007
and Skvo3 and lower expression in Ovca-3 and Omc-3 (Fig. 4A). Thus,
knockdown or overexpression of BMP-10 was performed to discover its
effects on biological behaviors of ovarian cancer cells (Fig. 4B&C).
Results of MTT demonstrated that overexpression of BMP-10 obviously
inhibited the proliferation of Ovca3 cells. However, neutralizing anti-
body abrogated the proliferation repression induced by BMP-10 upre-
gulation (Fig. 4D). Consistently, BMP-10 silencing could significantly
promote the proliferation of Skvo3 cells, while continuous adminis-
tration of rhBMP-10 inhibit cell proliferation (Fig. 4E). These results
indicated that BMP-10 might negatively regulate the proliferation of
ovarian cancer cells.

3.6. BMP-10 downregulated ability of migration and invasion of ovarian
cancer cells

The effects of BMP-10 on migration and invasion are presented in
Fig. 5. Each groups of cells were pre-treated (transfection, neutralizing
antibody or rhBMP-10 administration) according to the study design,
respectively. Compared with blank and normal group, BMP-10 over-
expression significantly downregulated the ability of wound-healing
and invasion in Ovca3 cells, but neutralizing antibody could reverse the
repression effects (Fig. 5A&C). Similarly, Knockdown of BMP-10 could
promote migration and invasion of Skvo3 cells, which could be abol-
ished by rhBMP-10 administration (Fig. 5B&D). It suggested that BMP-
10 could inhibit the migration and invasion of ovarian cancer cells.

4. Discussion

Ovarian cancer is a lethal gynaecological malignancy with different
genetical, biochemical and morphological types. About 70% of patients
worldwide, diagnosed with advanced-stage ovarian cancer, suffer a
poor survival due to recurrence, metastasis and chemoresistance [6].
Given the poor overall survival in advanced ovarian cancer, it is of great
significance to find therapeutically relevant targets to improve patient
prognosis.

BMP family has recently emerged as a group of cancer related
proteins. It is reported that BMP-2 [9], BMP-4 [5] and BMP-9 [7] could

Table 1
Correlation of BMP-10 expression with clinical parameters in ovarian cancer.

Parameters n BMP-10 expression P

– +

Age 0.921
≤55 27 14 13
>55 33 17 16
FIGO stage 0.018*

I 15 2 13
II 6 3 3
III 31 20 11
IV 8 6 2
Histological subtype 0.213
Serous adenocarcinoma 42 20 22
Endometrioid adenocarcinoma 7 3 4
Clear cell carcinoma 3 2 1
Mucinous adenocarcinoma 8 4 4
Histological grade (Silverberg) 0.008*

G1 20 4 16
G2 16 4 12
G3 24 20 4
Residual tumor size 0.675
≤1 cm 45 25 20
＞1 cm 15 5 10
Lymph node metastasis 0.004*

Yes 22 18 4
No 38 10 28
Peritoneal fluid 0.032*

Yes 24 19 5
No 36 10 26
Cancer cells in ascites 0.122
Yes 31 18 13
No 29 11 18

BMP-10, bone morphogenetic protein-10; FIGO, International Federation of
Gynecology and Obstetrics.
* P < 0.05.

Fig. 3. Kaplan-Meier survival curves.
Kaplan-Meier method was used to evaluate the prognostic value of BMP-10 in
56 patients with ovarian cancer. Overall survival curve showed that patients
with higher BMP-10 expression had a longer overall survival. BMP-10, bone
morphogenetic protein-10.

Table 2
Multivariate analysis in ovarian cancer patients.

Factors HR 95%CI P

Age 0.934 0.492–1.772 0.833
FIGO stage 3.211 1.967–4.324 0.021*

Histological classification 0.976 0.644–1.408 0.911
Histological grade 2.129 1.206–3.761 0.009*

Residual tumor size 0.873 0.395–1.936 0.739
Lymph node metastasis 0.413 0.195–0.875 0.021*

Peritoneal fluid 2.871 1.231–3.421 0.020*

Cancer cells in ascites 0.736 0.342–1.231 0.211
BMP-10 4.834 1.97–9.757 0.002*

HR, hazard ratio; CI, confidence interval; BMP-10, bone morphogenetic pro-
tein-10; FIGO, International Federation of Gynecology and Obstetrics.
* P < 0.05.
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promote progression in lung cancer, liver cancer, and breast cancer.
Interestingly, it is different when focusing on BMP-10. There was evi-
dence that BMP-10 was down-regulated in gastric cancer, urothelial
cancer, and breast cancer compared to normal tissue. For in vitro per-
formance, BMP-10 could inhibit the cell growth, migration and me-
tastasis of cancer cells by targeting tumor related pathways, indicating
a possibly inhibitory role in tumor progression [13,19,22]. However,
the expression features and roles in ovarian cancer remained to be
elucidated.

In our study, BMP-10 expression was discovered in a cohort of
ovarian cancer patients for the first time. Apart from an individual case,
BMP-10 expression in adjacent benign tissues was obviously higher
than that in ovarian cancer tissues in most pairs of tissues. Besides,
advanced ovarian cancer tissues had lower expression of BMP-10,

which was consistently confirmed by western blotting and im-
munochemistry. Notably, a significantly negative correlation was found
between BMP-10 and proliferation marker Ki67, suggesting that BMP-
10 might act as a tumor suppressor in ovarian cancer. From a clinical
perspective, lower BMP-10 expression was correlated with advanced
FIGO stage, higher histological grade, lymph node metastasis, but not
with histological subtype. It might be attributed to the limited sample
size.

As we know, the well-recognized prognostic factors for survival are
tumor type, tumor grade, FIGO stage, and distant metastases in ovarian
cancer. Therefore, it is of importance to develop reliable biomarkers for
the surveillance of the progression and prognosis of ovarian cancer.
BMP-10 has been recommended as a candidate prognostic marker for
patients with breast cancer, and low BMP-10 expression might lead to

Fig. 4. BMP-10 inhibited the prolifera-
tion of ovarian cancer cells.
(A) BMP-10 expression in ovarian
cancer cell lines was detected by wes-
tern blotting. (B) BMP-10 was over-
expressed in Ovca3 cells by using
pcDNA-BMP-10 plasmid. (C) siRNA was
transfected into Skvo3 cells to knock
down BMP-10. (D) Effects of over-
expression of BMP-10 on proliferation
of Ovca3 cells. (E) Effects of BMP-10
silencing and rhBMP-10 administration
on proliferation of Skvo3 cells. BMP-
10, bone morphogenetic protein-10;
rhBMP-10, recombinant human BMP-
10; ab, neutralizing antibody. *,
P < 0.05; **, P < 0.01.

Fig. 5. BMP-10 repressed ability of
migration and invasion of ovarian
cancer cells.
(A, B) Wound-healing assay was con-
ducted to find the effects induced by
BMP-10 overexpression or inhibition
(post-treatment of neutralizing anti-
body or rhBMP-10). (C, D) After
knockdown or overexpression of BMP-
10 in Ovca3 cells and Skvo3 cells,
transwell assay was performed to dis-
cover the ability of invasion of these
groups of cells. BMP-10, bone mor-
phogenetic protein-10; rhBMP-10, re-
combinant human BMP-10; ab, neu-
tralizing antibody. Scale bar, 100 μM. *,
P < 0.05; **, P < 0.01.
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shorter survival of breast cancer [19]. Consistently, we observed that a
high BMP-10 expression conferred a better overall survival in patients
with ovarian cancer. And it was recommended as an independent factor
for prognosis of ovarian cancer patients, along with factors like me-
tastasis, peritoneal fluid, FIGO stage and histological grade. These
evidences indicated that BMP-10 expression might be an underlying
biomarker in predicting the progression and prognosis of ovarian
cancer.

It is well-known that uncontrolled growth and metastasis are im-
portant features of malignancies, contributing to main causes of cancer-
related death [3]. Thus, to discover the effects of BMP-10 on ovarian
cancer, we conducted loss- or gain- of functions experiments in vitro.
Results showed that specific siRNA could significantly promote the
proliferation, migration and invasion in Skvo3 cells, while over-
expression of BMP-10 repressed these malignant behaviors in Ovca3
cells. However, rhBMP-10 or neutralizing antibody abrogated the ef-
fects induced by knockdown or overexpression of BMP-10, indicating
that BMP-10 might participate in the aggression of ovarian cancer.
Previous studies reported that BMP-10 induced apoptosis in prostate
cancer cells through a Smad independent pathway by activating BMP
receptors XIAP (ILP) and ERK1/2 [20]. In addition, BMP-10 could
down-regulated beta-catenin/TCF signaling by up-regulating Axin
protein level. Although the possible mechanism was not clarified in this
study, it is supposed that BMP could negatively regulate some tumor-
related pathways, and subsequently inhibit proliferation, migration and
invasion of ovarian cancer cells.

Despite the initially high response rate to standard front-line de-
bulking surgery followed by platinum-based chemotherapy, high ratio
of patients will recur within 6 months of completing platinum-based
treatment [14]. Understanding the molecular mechanisms contributes
to improving treatment against ovarian cancer. To our knowledge, this
is the first report to describe expression and roles of BMP-10 expression
in ovarian cancer. Loss of BMP-10 expression might represent a poor
prognosis in ovarian cancer patients. Meanwhile, loss of BMP-10 could
promote malignant behaviors in ovarian cell lines, suggesting it might
be a promising tumor suppressor. However, there were some limitations
in this study, including small size of samples and lack of mechanism
investigation, which need be explored in near future. Taken together,
BMP-10 should be considered as a promising prognostic marker and a
crucial regulator for progression of ovarian cancer.
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