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Abstract

Objective: Bone morphogenetic protein receptor 2 (BMPR2) and hypoxia-inducible factor 1-α (HIF1-α) existed

abnormal expression in several types of cancer. However, their expressions and related roles in osteosarcoma are

largely unknown.

Methods: To investigate the clinical significance of BMPR2 and HIF1-α in osteosarcoma, we analyzed their

expression levels in 103 osteosarcoma specimens by immunochemistry. Meanwhile, we conducted a follow-up to

examine the metastatic behavior and overall survival (OS) of osteosarcoma patients.

Results: Among 103 tissues,  61  cases  had BMPR2-positive  expression and 57  cases  had HIF1-α  positive

expression.  A significant  correlation was  noticed between BMPR2 and HIF1-α  expression in  osteosarcoma

specimens (P=0.035). Receiver-operating characteristic (ROC) curves were calculated to investigate the predictive

value of the two markers in tumor metastasis. By means of univariate and multivariate analysis, BMPR2 and HIF1-α
expression,  as  well  as  higher tumor grade,  were identified as  significant risk factors  for OS in patients  with

osteosarcoma.  Kaplan-Meier  survival  analysis  revealed  that  the  patients  with  BMPR2 and HIF1-α  positive

expression had worse OS compared with patients with BMPR2-negative or HIF1-α-negative staining.

Conclusions: It can be concluded that BMPR2 and HIF1-α expression is highly correlated with metastatic

behavior in patients with osteosarcoma and can serve as predictive markers for metastasis and OS of these patients.
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Introduction

Osteosarcoma  is  the  most  common primary  malignant
bone tumor. It mainly occurs in children and adolescents
and is characterized by local aggressiveness and high rates
of  lung metastasis  (1).  It  is  reported that  approximately
20% of osteosarcoma patients exhibit lung metastasis at
diagnosis,  and  for  the  rest,  2  out  of  5  patients  were
diagnosed with metastatic lesions at a later stage (2). With
the  refinement  of  multimodality  treatments,  including
neoadjuvant  chemotherapy,  surgical  techniques  and
radiotherapy, in the most recent two decades, the five-year

survival  of  patients  with  localized  osteosarcoma  has
improved (3). However, the five-year survival of patients
with  lung  metastases  is  only  28%  (4).  The  clinical
outcomes of osteosarcoma patients with or without lung
metastasis are significantly varied. Therefore, identifying
metastasis-associated  molecules  is  of  great  clinical
significance because of the poor prognosis of osteosarcoma
patients with lung metastasis.

Bone  morphogenetic  protein  receptor  2  (BMPR2)
belongs  to  the  transforming  growth  factor-β  (TGF-β)
superfamily of proteins (5). As the primary binding protein
of  mature  bone  morphogenetic  protein  (BMP)  ligands,
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BMPR2  contains  three  domains:  a  short  extracellular
binding one, a transmembrane one and an intracellular one
with serine/threonine kinase activity (5).  Classical  BMP
signaling begins with the combination of BMP proteins and
the heterotetrameric complex (consisted of BMPR1 and
BMPR2), which leads to the activation of Smad molecules.
In  addition,  BMPR2  also  participates  in  the  Smad-
independent  pathway,  which  involves  other  different
intracellular modulators, such as PI3K, p38 MAPK, and
ERK (6). Many researches have demonstrated that BMPR2
is involved in the progression of tumors. However, the role
of  BMPR2  in  different  tumors  remains  controversial.
BMPR2  serves  as  a  tumor  suppressor  gene  in  human
prostate  cancer  (7)  and  colon  polyps  (8).  But  in  breast
cancer  (9)  and  chondrosarcoma  cells  (10),  BMPR2
functions as an oncogene. While in human osteosarcoma
cells, the protein expression and concrete mechanism of
BMPR2 remain veiled.

Intratumoral hypoxia is a common characteristic of solid
malignancies,  including  sarcomas  (11-13).  Hypoxia-
inducible  factor  1-α  (HIF1-α) ,  an  indispensable
transcription factor for the cellular adaptation to hypoxia, is
related  to  tumor  initiation  and  progression  (14-16).
Previous  studies  showed  that  the  invasive  capacity  of
osteosarcoma cells was enhanced under hypoxic conditions
(17). However, a link between BMPR2 and HIF1-α has not
been investigated. This study discusses the expression of
BMPR2 and HIF1-α in human osteosarcoma samples and
emphasizes the role of the two markers in the prognosis of
osteosarcoma patients.

Materials and methods

Patients and samples

Ethical approval in the present study was obtained from the
ethics committee of Peking University People’s Hospital
(Approved number:  2015-60, December 2015).  Written
informed consent was also obtained from all  patients or
their  guardians.  We  examined  the  medical  records  of
osteosarcoma patients between January 2004 and May 2014
at the Musculoskeletal Tumor Center of Peking University
People’s Hospital (Beijing, China).  A total of 103 tissue
specimens  from osteosarcoma  patients  who  underwent
osteosarcoma  resection  were  included  in  our  research.
None of the patients underwent pre-operative radiotherapy,
and no tumor metastasis occurred at the time of diagnosis.

The following paraffin-embedded specimens were obtained
from the Department of Pathology in Peking University
People’s  Hospital.  Two  experienced  pathologists
independently carried out the diagnosis of all specimens
and  they  came  to  an  agreement  after  discussion  and
consensus.

Follow-up

To observe the status of patient survival and metastasis, we
conducted  a  clinical  follow-up  by  the  combination  of
outpatient  visits  and  telephone  calls.  The  X-ray
examination  of  the  primary  surgical  site  and  chest  was
performed  every  3–6  months.  If  necessary,  computed
tomography (CT) was conducted. The cut-off deadline of
follow-up was October 20, 2016. Follow up lasted from 10
to 120 months with a median of 60.5 months.

Immunohistochemistry

All tissue samples were fixed in 4% formalin, decalcified in
ethylene diamine tetraacetic acid (EDTA) solution, and
embedded in paraffin. They were cut into 4-μm thickness
sections and heated in an oven for approximately 60 min.
Then,  the sections were deparaffinized with xylene and
rehydrated followed by a graded series of ethanol. After
heat-induced antigen retrieval and endogenous peroxidase
blocking,  the  sections  were  incubated  with  primary
antibodies  overnight  at  4  °C.  Anti-BMPR2  antibody
(ab78422, monoclonal,  1:200 dilution) and anti-HIF1-α
(ab16066,  monoclonal,  1:400  dilution)  were  purchased
from Abcam (Cambridge, UK). Phosphate-buffered saline
(PBS) was used as a negative control.  Subsequently,  the
slides were incubated with horseradish peroxidase-linked
anti-mouse secondary antibody (ZB2305, 1:100 dilution,
ZSGB-BIO, China)  for 30 min at  37 °C. The universal
3,3’-diaminobenzidine  detection  kit  (AR1026,  Boster,
China) was used as the final chromogen and the nucleus
was counterstained by hematoxylin.

Evaluation of immunohistochemistry

According  to  the  percentage  of  positively  stained
osteosarcoma cells, the sections were graded by four levels:
0, 0% cells; 1, <5% positive; 2, 5%–50% positive; and 3,
>50% positive. Staining intensity was graded as follows: 0,
none; 1, mild staining; 2, moderate staining; and 3, intense
staining.  Total  score  =  percentage  score  ×  staining
intensity.  For  both  parameters,  two  independent
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pathologists  blinded  from  clinical  data  analyzed  the
immunoreactivity. Based on the total score, scores of 0–3
was considered as negative expression, and scores of 4–9
was represented positive expression.

Statistical analysis

The  SPSS  software  package  (Version  17.0;  SPSS  Inc.,
Chicago,  IL,  USA)  was  used  for  all  statistical  analysis.
Associat ion  of  BMPR2  and/or  HIF1-α  and  the
clinicopathological data were analyzed by Chi-squared test.
The  correlation  analysis  for  BMPR2  and  HIF1-α
expression was assessed by the non-parametric Spearman
test.  The  predictive  value  of  BMPR2  and  HIF1-α
expression  in  metastasis  was  evaluated  by  receiver-
operating characteristic (ROC) curves, and the Cox model
was used. Overall survival (OS) was compared among the
groups  with  Kaplan-Meier  method (log-rank  test),  and
multivariate survival analysis was performed using the Cox
proportional hazard model. Differences with P<0.05 was

considered as statistically significant.

Results

Patient characteristics

The clinical and pathological characteristics are presented
in Table 1. Forty-nine males and 54 females osteosarcoma
patients were enrolled in our study, ranging in age from 7
to 55 (mean: 18) years. The distributions of tumor location
were as follows: femur (n=39), tibia (n=23), humerus (n=23)
and other locations (n=18). Histologically, the specimens
were  c lass i f ied  into  osteoblast ic  group  (n=61) ,
chondroblastic  group  (n=25)  and  other  groups  (n=17).
According  to  the  pathological  classif ication,  48
osteosarcoma patients were confirmed to be grade I, and 55
patients were grade II and III. A total of 57 osteosarcoma
patients  exhibited  lung  metastasis  until  the  end  of
follow-up.

Table 1 Correlation of clinicopathological parameters and BMPR2 and HIF1-α expression in patients with osteosarcoma

Variables Total (N=103)
BMPR2 expression (n) HIF1-α expression (n)

Positive Negative P Positive Negative P

Gender 0.994   0.102

　Male 49 29 20 23 26

　Female 54 32 22 34 20

Age (year) 0.478   0.158

　≤20 57 32 25 28 29

　>20 46 29 17 29 17

Tumor location 0.108   0.262

　Femur 39 26 13 25 14

　Tibia 23 13 10   9 14

　Humerus 23   9 14 12 11

　Others 18 13   5 11   7
Histological
classification 0.543   0.361

　Osteoblastic 61 34 27 37 24

　Chondroblastic 25 15 10 11 14

　Others 17 12   5   9   8

Grade of tumor 0.001   0.027

　I 48 20 28 21 27

　II+III 55 41 14 36 19

Lung metastasis 0.003 <0.001

　Yes 57 41 16 44 13

　No 46 20 26 13 33

BMPR2, bone morphogenetic protein receptor 2; HIF1-α, hypoxia-inducible factor 1-α.
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Expression  of  BMPR2  and  HIF1-α  in  osteosarcoma
patients

The expression of BMPR2 and HIF1-α  was detected by
immunohistochemistry  in  osteosarcoma  specimens.  As
shown  in  Figure  1,  the  different  expression  levels  of
BMPR2  and  HIF1-α  in  osteosarcoma  samples  are
presented. Yellow or brown indicates positive expression of
the marker. Positive staining of BMPR2 was predominantly
examined in the nucleus and cytoplasm (Figure 1A), and the
location of HIF1-α expression was identified in the nucleus
and  cytoplasm  (Figure  1C).  The  positive  rates  of  the
BMPR2 and HIF1-α expression were 59.2% (61/103) and
55.3%  (57/103),  respectively.  We  found  that  positive
expressions  of  BMPR2  and  HIF1-α  were  significantly
associated  with  tumor  grade  (P=0.001  and  P=0.027,
respectively) and distant metastasis (P=0.003 and P<0.001,
respectively).  However,  the  expression  of  BMPR2 and
HIF1-α  had  no  correlation  with  gender,  age,  tumor
location and histological classification (Table 1).

As  indicated  in  Table  2,  there  were  39  (37.9%)
osteosarcoma  patients  with  BMPR2  and  HIF1-α  co-
positive expression and 24 (23.3%) patients with BMPR2
and HIF1-α co-negative expression. In addition, there were
30  (29.1%)  patients  with  either  BMPR2-  or  HIF1-α-
positive staining. Correlation analysis was used to examine
whether BMPR2 and HIF1-α  were associated with each
other in osteosarcoma. This result disclosed that there was
a  significant  correlation  between  BMPR2  and  HIF1-α
expression (P=0.035, Table 2).

Predictive value of BMPR2 and HIF1-α in osteosarcoma
metastasis

Our  study  found  that  the  positive  rate  of  BMPR2 and
HIF1-α  expression  in  osteosarcoma  samples  with  lung
metastasis  was  higher  than  that  of  non-metastatic
specimens. Therefore, we hypothesized that BMPR2 and
HIF1-α  might  be  biomarkers  for  predicting pulmonary
metastasis.  ROC curves  were used to evaluate  this.  We
found that the area under the ROC curve for BMPR2 and
HIF1-α  was  0.682  and 0.790,  respectively  (Table  3).  In
addition,  the  area  of  the  combined  group  was  0.854,
indicating  that  the  combined detection  of  BMPR2 and
HIF1-α was more valuable in predicting lung metastasis.

Relationship between BMPR2 and HIF1-α expression and
patients’ OS

The OS in our study was 48.5% (50/103) until the deadline
for follow-up. Patients with BMPR2-positive tumors had a
significantly lower OS than those with BMPR2-negative

Table 2 Correlation analysis of BMPR2 and HIF1-α expression
levels

BMPR2
expression

HIF1-α expression (n)

Positive Negative

Positive 39 22

Negative 18 24

P 0.035

BMPR2,  bone  morphogenetic  protein  receptor  2;  HIF1-α,

hypoxia-inducible factor 1-α.

 

Figure 1 The representative immunohistochemical images of bone morphogenetic protein receptor 2 (BMPR2) and hypoxia-inducible
factor 1-α (HIF1-α) expression in osteosarcoma tissues. (A) BMPR2-positive; (B) BMPR2-negative; (C) HIF1-α-positive; (D) HIF1-α-
negative (100×). The images below show the magnification of each zone (400×).
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tumors  (44.3%  and  54.8%,  respectively,  P=0.001)
(Figure 2A). Similarly, the OS in the HIF1-α positive group
was significantly lower than that in the HIF1α-negative
group  (33.3%  and  67.4%,  respectively,  P<0.001)
(Figure 2B). In addition, survival analysis revealed that the
co-positive expression of the BMPR2 and HIF1-α group
had  the  lowest  survival  compared  with  the  other  two
groups (P<0.001) (Figure 2C).

Furthermore, univariate and multivariate analyses were
conducted to observe the factors related to the prognosis of
osteosarcoma patients.  Our data revealed that  BMPR2-
positive expression, HIF1-α positive expression, and higher
tumor grade were correlated with the OS of osteosarcoma
patients  (P=0.046,  P<0.001,  P=0.007,  respectively)
(Table 4). However, there was no correlation between OS
and age, gender, tumor location and histological classification
(Table 4).

Discussion

Osteosarcoma  is  a  locally  aggressive  malignancy
characterized by rapid high rates of lung metastasis. The

excessive growth of malignant tumors leads to a hypoxic
microenvironment for tumor cells, which has an obvious
influence  on  the  biological  behavior  and  prognosis  of
tumors. Previous studies revealed that intratumoral hypoxia
not only cripples  the clinical  effect  of  radiotherapy and
chemotherapy but also increases the risk of invasion and
distant metastasis (18).

HIF1, a heterodimeric nuclear transcription factor, is
widely distributed in mammals and humans under hypoxic
conditions. HIF1 is composed of α and β subunits, of which
α  is  the  only  regulatory  subunit,  which  determines  the
activity  of  HIF1 and activates  the expression of  various
hypoxia response genes and is regulated and influenced by
various factors (19). It has been demonstrated that HIF1-α
overexpression was detected in a variety of solid tumors
(20).  Meanwhile,  recent studies have shown that in oral
squamous cell carcinoma (21), esophageal squamous cell
carcinoma (22), renal clear cell carcinoma (23) and breast
cancer (24), HIF1-α expression was correlated with cancer
metastasis. In our study, we demonstrated that 57 cases of
103 samples  were HIF1-α-positive,  and consistent  with
previous findings (25), HIF1-α levels were associated with

Table 3 Predictive value of BMPR2 and HIF1-α expression in metastasis

Variables Total (N)
Lung metastasis (n)

Area under ROC 95% CI P
Yes No

BMPR2+ 61 41 20
0.682 0.614–0.749 <0.001

BMPR2– 42 16 26

HIF1-α+ 57 44 13
0.790 0.743–0.838 <0.001

HIF1-α– 46 13 33

BMPR2+HIF1-α+ 39 31   8 0.854 0.816–0.892 <0.001

Others† 64 26 38

BMPR2, bone morphogenetic protein receptor 2; HIF1-α, hypoxia-inducible factor 1-α; ROC, receiver operating characteristics;

95% CI, 95% confident interval; +, positive; –, negative; †, included BMPR2+HIF1-α–, BMPR2–HIF1-α+, and BMPR2–HIF1-α–.

 

Figure 2 Kaplan-Meier curves showing the impact of bone morphogenetic protein receptor 2 (BMPR2) and hypoxia-inducible factor 1-α
(HIF1-α) expression on overall survival (OS) for 103 osteosarcoma patients. (A) BMPR2 (P=0.001); (B) HIF1-α (P<0.001); (C) combined
BMPR2 and HIF1-α (P<0.001). +, positive; –, negative.
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lung metastasis in osteosarcoma patients (P<0.001).
It is well known that HIF1-α expression is closely related

to TGF-β/BMP signaling pathways. For example, HIF1-α
mediates TGF-β1-induced Snail and TWIST1 expression
in breast cancer cells (26). Qian et al.  (27) reported that
TGF-β1 affects the nuclear translocation activity of HIF1-
α  in  NiONPs-induced  pulmonary  fibrosis.  Similarly,
mutant BMPR2 expression resulted in an increase of HIF1-
α  in  mouse  pulmonary  vascular  endothelial  cells  (28).
Whether  this  correlation  exists  in  osteosarcoma  is
unknown; therefore, we performed this research.

As  disclosed  above,  BMPR2  and  HIF1-α  were
overexpressed  in  osteosarcoma and  there  is  an  obvious
relationship between BMPR2 and HIF1-α in osteosarcoma
(P=0.035). Furthermore, the protein levels of BMPR2 in
osteosarcoma were in accordance with the mRNA levels
reported previously (29). In addition, BMPR2 and HIF1-α
were correlated with the tumor grade. However, there was
no  correlation  with  gender,  age,  tumor  location  and
histological classification. Here, it should be noted that we
used a pathology classification method in our study, rather
than clinical  grading system, but the method of clinical
classification system still needed our further analysis.

We also investigated the predictive value of BMPR2 and
HIF1-α  in  the  distant  metastasis  and  prognosis  of
osteosarcoma patients. The data of ROC analysis revealed
that the combined detection of BMPR2 and HIF1-α was
more valuable in predicting lung metastasis. Additionally,
the patients with BMPR2 and HIF1-α  co-positivity had
poor  OS  compared  with  other  groups.  These  results
suggested  that  the  combined  detection  of  BMPR2 and
HIF1-α could be used as prognostic factors in osteosarcoma.

Conclusions

In general, individualized therapy targeting BMPR2 and

HIF1-α  together  may serve  as  a  promising modality  to
prevent  distant  metastasis  and  tumor  progression  in
osteosarcoma  patients.  However,  the  underlying
mechanism of BMPR2 and HIF1-α in lung metastasis and
osteosarcoma invasion still calls for further investigation.
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