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Abstract Bone morphogenetic protein (BMP) 4 plays a
crucial role in tumor invasion and metastasis of various
human cancers. However, little is known about the correlation
of BMP4 expression with clinical aggressiveness and progno-
sis in hepatocellular carcinoma (HCC). The aim of this study
was to investigate the expression of BMP4 in HCC and
determine its correlation with tumor progression and progno-
sis. Immunohistochemistry assay was used to determine the
expression of BMP4 in HCC and corresponding paracarci-
nomatous tissues from 156 patients. The potential prognostic
value of BMP4 was investigated by comparing the survival
rates between the BMP4-positive and BMP4-negative HCC
patients. Immunohistochemically, BMP4 protein expression
in the HCC tissues (120/156, 76.9%) was significantly higher
than that in the paracarcinomatous tissues (19/156, 12.2%,
P<0.01). The expression of BMP4 in HCC was associated
with number of tumor nodules (P00.02), Edmondson grade
(P00.03), TNM stage (P00.009), and vascular invasion
(>P00.006). In univariate survival analysis, the significant
associations of the BMP4 protein overexpression with short-
ened patients’ overall and disease-free survival were found
(P00.001 and 0.006, respectively). Furthermore, its expres-
sion was found to be an independent factor for predicting both

overall (P00.009) and disease-free survival (P00.022) of
HCC in multivariate analysis. Our data suggest for the first
time that BMP4 is overexpressed in HCC tissues and may also
act as a novel marker for predicting the recurrence and prog-
nosis of HCC patients after surgery.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most frequent
cause of cancer-related death worldwide, especially in
Southeast Asia [1]. It is commonly associated with chronic
hepatitis B virus (HBV) or hepatitis C virus (HCV) infec-
tions and chronic exposure to the aflatoxin B1. Owing to the
advances in surgical techniques and perioperative care, the
short-term survival of HCC patients after curative treatment
have been improved greatly [2]. However, most HCC
patients lose the chance of hepatic resection or liver trans-
plantation because of vascular invasion or metastasis. Even
for the patients who have undergone curative treatment, the
long-term survival remains unsatisfied due to postoperative
recurrence or metastasis. Therefore, HCC remains one of the
deadliest cancers with a 5-year survival rate of only 5% [3].
Assessment of the prognosis of HCC remains difficult be-
cause of the limited prognostic value of conventional clinico-
pathological parameters. For example, a-fetoprotein (AFP)
levels and des-carboxy prothrombin levels are reported to be
indicators of tumor progression associated with patient sur-
vival. But they are not sufficient to accurately discriminate the
tumor progression of HCC patients. Thus, to identify novel
molecular markers for enhancing the accuracy of conventional
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prognostic factors would be necessary to guide medical
treatments.

Bone morphogenetic proteins (BMPs), initially identified
in the 1960s, belong to the transforming growth factor-
β(TGF-β) superfamily [4]. These proteins are multi-
functional growth factors and involved in morphogenesis,
cell proliferation and differentiation, apoptosis and general
organogenesis by interacting with SMADs [5]. Recent
studies have demonstrated that BMPs have growth inhibi-
tory and stimulatory effects on cancer cells [6–8]. BMP4, as
a member of BMPs, plays an important role in development
because Bmp4 null mice die early during embryogenesis
[9]. Besides this function, BMP4 have recently been shown
to regulate bone and cartilage formation, morphogenesis,
cell proliferation and apoptosis of a wide variety of tissues
and cells. Interestingly, emerging body of evidence indicates
that BMP4 also plays a role in various types of cancers. For
example, BMP4 induced migration and invasion of colon,
ovarian, and pancreatic cancer cells [10–12]. BMP4 over-
expression has been observed in the high-risk premalignant
and malignant lesions of oral epithelium, breast cancer and
esophageal squamous cell carcinoma [13–15]. In recent
studies, treatment with recombinant BMP4 was found to
inhibit the tumorigenic potential of human brain tumor-
initiating cells, reduce angiogenesis in malignant melanoma,
and induce apoptosis of myeloma cells [16]. Of our inter-
ests, Maegdefrau et al. [17] found increased BMP4 mRNA
and protein in HCC cell lines and tissue samples compared
to primary human hepatocytes and corresponding non-
tumorous tissue. They also demonstrated that BMP4 could
promote tumor migratory and invasive potential of HCC cell
lines. However, little is known about the correlation of
BMP4 expression with clinical aggressiveness and progno-
sis in HCC. This study was designed to evaluate BMP4
expression in a hospital-based cohort of patients with HCC
by immunohistochemistry and to elucidate the expression of
BMP4 in HCC and its association with clinicopathological
characteristics and prognosis.

Materials and Methods

Patients and Tissue Samples

The study was approved by the Research Ethics Committee
of 302nd Hospital of PLA, Beijing, China. Informed con-
sent was obtained from all of the patients. All specimens
were handled and made anonymous according to the ethical
and legal standards.

For immunohistochemistry, 156 pairs of formalinfixed
and paraffin-embedded blocks of tumor and paracarcinom-
atous tissues were obtained from 156 patients with HCC
who had undergone curative surgical resection between

2001 and 2006 at the 302nd Hospital of PLA, Beijing,
China. None of the patients recruited in this study had
chemotherapy or radiotherapy before the surgery. One
hundred and twenty-eight males and 28 females comprise
of the 156 patients, with the mean age of 50.6 years (range,
20–78 years). HCC diagnosis was based on World Health
Organization (WHO) criteria [18]. Tumor differentiation
was defined according to the Edmondson grading system
[19]. Liver function was assessed using the Child-Pugh
scoring system [20]. Tumor staging was determined accord-
ing to the sixth edition of the tumor-node-metastasis (TNM)
classification of the International Union against Cancer [21].
The clinicopathological findings of 156 patients are sum-
marized in Table 1.

The complete follow-up data were obtained from all
156 patients. The patients were followed until October
16, 2010. The mean follow-up was of 28.6 months (range, 2–
76 months). All patients were prospectively monitored using
a-fetoprotein (AFP), abdominal ultrasonography, and chest X-
ray every 3–6 months after surgery. Computed tomography
and/or magnetic resonance imaging were used if necessary.
The overall survival (OS) was defined as the interval between
the surgery and the death of patients or the last observation.
The data were censored at the last followup for living patients.
Disease-free survival (DFS) was measured from the date of
resection until the detection of the recurrence tumor or the last
follow-up assessment. In the DFS analysis, the data were
censored for patients without tumor recurrence.

Immunohistochemistry Analysis

Immunohistochemical staining was carried out following
the manufacturer’s instructions. Briefly, the paraffin-
embedded tissues were cut at 3 μm and stained following
being dried on ProbeOn Plus (Fisher Scientific Internation-
al, Hampton, NH, USA). Staining was done using avidin-
biotin complex with a microprobe manual stainer (Fisher
Scientific International). The slide to which a paraffin sec-
tion was attached went through deparaffinization and hydra-
tion, and was then treated with a solution of Peroxidase-
blocking reagent (Dako, Glostrup, Denmark) to exhaust
endogenous peroxidase activity. The sections were pro-
cessed with antigen retrieval by being boiled in citrate buffer
(pH 6.0) for 20 min and then cooled for an additive 20 min
at room temperature. Subsequently, the sections were incu-
bated in a 10% hydrogen peroxide solution for 15 min to
eliminate endogenous peroxidase activity. The slides
were incubated overnight with the primary antibody
against BMP4 (1:100; mouse monoclonal antibody, sc-
81000; Santa Cruz Biotechnology, Inc. USA) at 4°C.
Secondary antibodies for the detection of primary anti-
bodies were reacted for 10 min using anti-mouse IgG (Sigma,
St. Louis, MO, USA) to which biotin was attached, and then
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washed with buffer solution and reacted with horseradish
peroxidase for 10 min. Being washed again, peroxidase activ-
ity was visualized with DAB as a chromogen. All sections
were rinsed and counterstained lightly with Harris hematoxy-
lin. The negative controls were processed in a similar manner
with PBS instead of primary antibody.

Following a hematoxylin counterstaining, immunostaining
was scored by two independent experienced pathologists, who
were blinded to the clinicopathological parameters and clini-
cal outcomes of the patients. The scores of the two patholo-
gists were compared and any discrepant scores were trained
through re-examining the stainings by both pathologists to
achieve a consensus score. The number of positive-staining

cells showing immunoreactivity in the cytoplasm for BMP4 in
ten representative microscopic fields was counted and the
percentage of positive cells was calculated. The percentage
scoring of immunoreactive tumor cells was as follows: 0
(0%), 1 (1–10%), 2 (11–50%) and 3 (>50%). The staining
intensity was visually scored and stratified as follows: 0
(negative), 1 (weak), 2 (moderate) and 3 (strong). A final
score was obtained for each case by multiplying the percent-
age and the intensity score. Therefore, tumors with a multi-
plied score exceeding 4 (median of total scores for BMP4)
were deemed to be positive expressions of BMP4; all other
scores were considered to be negative.

Statistical Analysis

The software of SPSS version13.0 for Windows (SPSS Inc,
IL, USA) and SAS 9.1 (SAS Institute, Cary, NC) was used for
statistical analysis. Fisher’s exact test and the X2 test were
performed to assess associations between BMP4 expression
and clinicopathological parameters. The Kaplan-Meier meth-
od was used for survival analysis, and differences in survival
were estimated using the log-rank test. A multivariate survival
analysis was performed for all parameters that were significant
in the univariate analyses using the Cox regression model.
Differences were considered statistically significant when P
was less than 0.05.

Results

Immunohistochemical Expression of BMP4 in HCC
and Paracarcinomatous Liver Tissues

Immunohistochemical analysis revealed that BMP4 stain-
ing in HCC tissues was mainly localized in the cyto-
plasm of cancer cells, some of which stained strongly,
while others exhibited little or no staining at all (Fig. 1a).
BMP4 expression was absent or sporadic in non-tumorous
liver tissues (Fig. 1b). In addition, the positive expression rate
of BMP4 protein in the HCC tissues (120/156, 76.9%) was
significantly higher than that in the paracarcinomatous tissues
(19/156, 12.2%, P≤0.01).

Association of BMP4 Expression with the
Clinicopathological Features of the HCCs

We evaluated the association between BMP4 expression and
clinicopathological features, including age, gender, tumor
size, number of tumor nodules, tumor capsula, HBsAg
status, serum AFP level, Edmondson grade, vascular inva-
sion, Child-Pugh class, and TNM stage (Table 1). Whereas
no significant differences were noted with respect to age,
gender, tumor size, tumor capsula, HBsAg status, serum

Table 1 Clinicopathological Features and the expression of BMP4 in
156 HCC patients

Clinicopathological
Features

Case BMP4 expression (n) P

Positive Negative

Age (years)

≤50 66 50 16 NS
>50 90 70 20

Gender

Male 128 98 30 NS
Female 28 22 6

Tumor size (cm)

≤5 80 62 18 NS
>5 76 58 18

Nodule

Single 100 70 30 0.021
Multiple 56 50 6

AFP (ng/mL)

≤400 60 45 15 NS
>400 96 75 21

Vascular invasion

Absent 100 67 33 0.006
Present 56 53 3

TNM stage

I 66 36 30 0.009
II 50 45 5

III 40 39 1

Tumor capsula

Well 80 60 20 NS
Poorly 76 60 16

HBsAg

Positive 150 116 34 NS
Negative 6 4 2

Child-Pugh class

A 130 100 30 NS
B 26 20 6

Edmondson grade

I/II 50 30 20 0.032
III/IV 106 90 16
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AFP level and Child-Pugh class, the BMP4-positive tumors
had more tumor nodules (P00.02) and were higher
Edmondson grade (P00.03) and TNM stage (P00.009),
respectively. In addition, the vascular invasion was detected
significantly more frequently in the BMP4-positive group
(P00.006).

Prognostic Values of BMP4 Expression in HCCs

The mean OS rates after resection of the patients of
BMP4-positive and BMP4-negative groups were 10.9%
and 61.3%, respectively, and the mean DFS rates were
8.2% and 51.8%, respectively. The patients with BMP4-
positive expression have significantly poorer OS and
DFS after curative resection than those without BMP4
expression (P00.001 and 0.006, respectively; Fig. 2). In
addition, the survival benefits were also found in those
with earlier TNM stage, absence of vascular invasion,
single nodule, and lower Edmondson grade, whereas
others were not of predictive values (Table 2). Multivariate
survival analysis calculated by Cox regression enrolling
above-mentioned significant parameters revealed BMP4 ex-
pression (P00.009 and 0.022, respectively), TNM stage
(P00.026 and 0.038, respectively), number of tumor nodules
(P00.013 and 0.032, respectively), and vascular invasion

(P00.013 and 0.023, respectively) were the independent
prognostic factors for both OS and DFS in patients with
HCC after curative resection, while Edmondson grade was
only the prognosticator for DFS (P00.031) (Table 3).

Discussion

To the best of our knowledge, this is the first study to
investigate the association between the expression pattern
of BMP4 and the aggressive progression, and the prognostic
value of BMP4 in HCC. Increased expression of BMP4 was
observed in tumor tissues with more tumor nodules, higher
Edmondson grade and TNM stage, and present of vascular
invasion. In addition, patients with BMP4-positive had sig-
nificantly poorer survival. On Cox multivariate regression
analysis, expression of BMP4 was an independent prognos-
tic factor for both OS and DFS of patients with HCC.
Therefore, it is proposed that the presence of BMP4 may
be used as a marker for the prediction of HCC recurrence
and prognosis.

BMPs, as members of the TGF-β superfamily, have been
of interest in cancer because of their versatile functions,
such as growth inhibitory and stimulatory effects on cancer
cells. It has also been found that the BMP signaling pathway

Fig. 1 Cellular distribution of
BMP4 expression in HCC and
paracarcinomatous liver tissues
(Original magnification ×400).
a, BMP4 positive staining was
indicated by numerous yellowish
granules in the cytoplasmic of
tumor cells; b, BMP4 negative
staining was seen in
paracarcinomatous liver tissues

Fig. 2 Kaplan-Meier survival
curves for BMP4 expression in
the HCC patients. The HCC
patients with BMP4 positive
expression showed significantly
shorter overall survival (P0
0.001) and disease-free survival
(P00.006) rates than those with
BMP4 negative expression
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has critical roles in embryogenesis, organogenesis, cell
growth, differentiation, cell migration, and cell death [22].
Due to the diversity of these biological functions, it is not
surprising that BMPs have been associated with control of
proliferation and differentiation in normal and tumor cells.
For example, in colorectal cancer, the BMP signaling path-
way has been demonstrated to be related with the tumor
development by the identification of BMPR-IA mutation in
patients with juvenile polyposis syndrome [23]. Using a
tissue microarray and immunohistochemistry, researchers
also found the inactivation of BMP signaling in sporadic
colorectal cancers by demonstrating the loss of BMPR-II,
Smad4, and nuclear pSmad1/5/8 expression [24]. In addi-
tion, because the BMP signaling pathway promotes differ-
entiation and represses proliferative capacity of prostate
epithelial cells, the disregulation of this pathway are often
observed in metastatic prostate cancer [25]. Among BMPs,
the BMP4 gene has gained more attention because it con-
tains several polymorphic sites and has genetic susceptibil-
ity to development of various malignancies. Capasso et al.
[26] indicated a role of the predicted functional non-
synonymous SNP 6007 C/T of BMP4 in susceptibility to
melanoma and its inXuence on BMP4 gene expression.
Besides theses, previous studies implicated the functions

of BMP4 in both promotion and inhibition of cancer pro-
gression. Deng et al. [27] has demonstrated that BMP4 is
over-expressed in colonic adenocarcinomas and confers in-
vasive phenotype during progression of colon cancer.
Ketolainen et al. [14] have recently shown that BMP4
is commonly expressed in breast cancer and stimulates
cell migration and invasion in breast cancer cell lines
through the activation of the canonical SMAD signaling
pathway. HAMADA et al. [28] also clearly revealed that
BMP4 activated ERK and p38 MAPK pathways and that
these activations facilitated the induction of MSX2 to-
gether with the canonical Smad signaling pathway in pancreatic
cancer cells. Furthermore, Piccirillo et al. [29] have suggested
BMP4 as a novel, non- cytotoxic therapeutic eVector, which
may be used to prevent growth and recurrence of human
glioblastomas.

Here, we pay more attention to the involvement of BMP4
in the progression of HCC. In the previous study, Maegde-
frau et al. [17] found that BMP4 was highly expressed in
most HCC tissues compared with normal liver, which was
consistent with our data. They also reported that the impair-
ment of BMP4 in HCC cells may inhibit their stimulatory
effect on tube formation of human microvascular endothe-
lial cells, suggesting that BMP4 also promotes tumour

Table 2 Univariate survival
analysis of overall and
disease-free survival in 156
patients with HCC

Features Overall survival Disease-free survival

RR 95% CI P RR 95% CI P

Age 1.139 0.556–1.912 0.512 1.055 0.661–1.852 0.649

Gender 1.186 0.620–2.287 0.593 1.126 0.586–2.163 0.522

Nodule 3.523 1.768–8.097 0.013 3.091 1.746–8.027 0.018

Tumor size 1.028 0.636–1.829 0.661 1.040 0.803–1.826 0.653

HbsAg status 1.385 0.820–2.339 0.228 1.379 0.832–2.285 0.212

AFP 1.025 0.632–1.571 0.661 1.036 0.629–1.905 0.622

Capsula 1.196 0.628–1.932 0.597 1.109 0.607–1.896 0.608

TNM stage 2.897 1.693–4.896 0.038 2.908 1.586–5.009 0.036

Edmondson grade 5.465 2.609–9.088 0.006 5.951 2.605–9.466 0.005

Child-Pugh class 1.036 0.557–1.969 0.613 1.336 0.592–1.943 0.597

Vascular invasion 6.619 2.938–10.212 0.003 6.242 2.034–10.752 0.005

BMP expression 8.240 4.725–12.152 <0.001 9.957 4.698–13.708 <0.001

Table 3 Multivariate survival
analysis of overall and
disease-free survival in 156
patients with HCC

Features Overall survival Disease-free survival

RR 95% CI P RR 95% CI P

Nodule 3.931 1.685–8.056 0.013 2.534 1.159–6.273 0.032

TNM stage 2.899 1.366–7.196 0.026 2.586 1.386–7.009 0.038

Edmondson grade 1. 653 0.609–4.088 0.068 2.551 1.207–6.466 0.031

Vascular invasion 3.919 1.738–8.012 0.013 2.921 1.348–8.529 0.023

BMP expression 7.409 3.256–11.528 0.009 2.956 1.392–8.808 0.022
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vasculogenesis. Our data also described that the vascular
invasion was detected significantly more frequently in the
BMP4-positive group. In addition to these, we found that
the expression of BMP4 in HCC was positively associated
with number of tumor nodules, Edmondson grade, TNM
stage and patients’ survival. Together, these findings indi-
cate a prominent role for BMP4 in tumourigenic processes.

In conclusion, our study suggests that BMP4 is overex-
pressed in HCC tissues and may also act as a novel marker
for predicting the recurrence and prognosis of HCC patients
after surgery. Further studies are needed to investigate the
precise function of BMP4 in the progression of HCC.
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