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The expression of bone morphogenetic proteins in
osteosarcoma and its relevance as a prognostic
parameter
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Aims: The expression of bone morphogenetic proteins (BMPs) was analysed in 47 osteosarcomas to
determine differences in the expression of BMP subtypes and to correlate expression with response to
chemotherapy, in addition to the disease free and overall survival of patients.
Methods: The expression of BMPs was examined immunohistochemically in 47 biopsy specimens of
osteosarcoma using commercially available antibodies against different subtypes (BMP-2/4 (A-20),
BMP-3 (N-19), BMP-4 (N-19), BMP-5 (N-19), BMP-6 (N-19), BMP-7 (N-19), BMP-8 (N-19)). The
avidin–biotin–immunoperoxidase method was used for all antibodies.
Results: The expression of BMP subtypes varied considerably: 28 of the 47 tumours expressed BMP-
2/4, 24 expressed BMP-3, 41 expressed BMP-5, 31 expressed BMP-6, 43 expressed BMP-7, and 42
expressed BMP-8. High expression of BMP-6 was found in those parts of the osteosarcoma with a
chondroid differentiation (p = 0.016, Mann-Whitney test). No correlation was observed between the
response to chemotherapy and the expression of BMPs (p > 0.05, Mann-Whitney test). Univariate
analysis showed no correlation between overall survival or progression free survival and the expression
of BMPs (p > 0.05, log rank test).
Conclusions: BMP-7 and BMP-8 are highly expressed in osteosarcoma. Moreover, high expression of
BMP-6 correlates with a chondroid differentiation. In contrast to conclusions derived from previous
studies in which small numbers of tumours were investigated, these results indicate that the expression
of BMPs does not help to predict the outcome of patients.

Osteosarcoma is the most common primary malignant
bone tumour, accounting for approximately 20% of all
primary sarcomas in bone.1 Although treatment

modalities have been improved over the past decades, it is still
a tumour with a high mortality rate in children and young
adults; the peak incidence is registered in the second decade of
life. Most osteosarcomas are highly malignant tumours
arising within bone. According to their main histological
component they may be divided into various subtypes, such as
osteoblastic, chondroblastic fibroblastic, teleangiectatic, and
small cell osteosarcoma.2 3 The general treatment consists of
preoperative chemotherapy followed by surgical resection and
a postoperative chemotherapy regimen modified according to
the extent of tumour necrosis. In contrast to intramedullary
tumours, surface osteosarcomas such as the parosteal or
periosteal subtype mainly behave like low grade malignant
tumours, which only require surgical treatment with wide
resection margins; high grade surface osteosarcoma is an
exception.

Identifying those patients who respond poorly to treatment
at the time of surgery would facilitate preoperative allocation
of these patients to special chemotherapy or a more aggressive
regimen with the purpose of prolonging survival. Therefore,
several factors such as tumour type, age at the onset of
disease, tumour location, and tumour size have been
investigated. Tumour size, tumour location, and response to
chemotherapy were found to predict the outcome of
patients.4 Among the different proteins that are expressed by
osteosarcoma cells, bone morphogenetic proteins (BMPs)
were postulated to be of prognostic value.5 6 BMPs were found
to be the main source of ectopic bone formation when
demineralised bone fragments are implanted either subcuta-
neously or intramuscularly in animals.7 Devitalised tissue of
human osteosarcoma also induced bone formation in athymic

nude mice.8 9 BMP subtypes 2–9 are the best characterised of

all the BMPs. However, their number is still growing. The pro-

teins belong to the transforming growth factor β (TGF-β)

superfamily because they share similar amino acid sequences.

Although mesenchymal cells such as osteoblasts or chondro-

cytes are the main targets of these proteins, certain subtypes

such as BMP-6 are also important for the differentiation of

epithelial cells.10

“Identifying those patients who respond poorly to
treatment at the time of surgery would facilitate
preoperative allocation of these patients to special
chemotherapy or a more aggressive regimen with the
purpose of prolonging survival”

Based on two former studies with smaller cohorts of

patients,5 6 we examined the expression of different BMPs by

immunohistochemistry in 47 osteosarcoma specimens using

commercially available standardised antibodies against six

different BMP subtypes.

We analysed the correlations between the expression of

BMPs and response to chemotherapy, overall survival, and

disease free survival.

MATERIAL AND METHODS
Patients
Forty seven patients with osteosarcoma of bone were selected

from the files of the department of clinical pathology at the
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Vienna General Hospital. All cases were reviewed to confirm

the diagnosis and to select a paraffin wax block for immuno-

histochemical studies. The tumours were all intramedullary

high grade osteosarcomas and consisted of the following

types: 31 osteoblastic osteosarcomas, 14 chondroblastic oste-

osarcomas, one teleangiectatic, and one small cell osteo-

sarcoma.
The patients underwent treatment between 1992 and 1999

at the department of orthopaedics in the Vienna General Hos-
pital. All patients were initially treated for primary tumours.

Specimens of callus tissue with reactive osteoblasts were
used as controls.

Immunohistochemistry
Freshly cut serial sections were used for immunohisto-

chemical studies with antibodies against BMP-2/4, BMP-3,

BMP-5, BMP-6, BMP-7, BMP-8, respectively, and correspond-

ing sections were stained with haematoxylin and eosin.

Immunohistochemical staining was performed on paraffin
wax embedded sections using goat polyclonal antibodies (Santa
Cruz Biotechnology, Santa Cruz, California, USA). The antibody
to BMP-2/4 is raised against a peptide mapping close to the
C-terminus of the BMP-4 precursor of human origin (differs
from the corresponding BMP-2 sequence by two amino acids),
whereas the antibodies to BMP subtypes 3–8 are raised against
a peptide mapping to the N-terminus of the corresponding BMP
precursor of human origin. Sections were pretreated by
autoclave heating in citrate buffer (pH 6.0) for 20 minutes at 1
Bar. Dilutions of primary antibodies varied (anti-BMP-2/4
(A-20), 1/600; anti-BMP-3 (N-19), 1/800; anti-BMP-5 (N-19),
1/600; anti-BMP-6 (N-19), 1/800; anti-BMP-7 (N-19), 1/800;
and anti-BMP-8 (N-19), 1/600). After incubation at room tem-
perature for one hour, the secondary biotinylated goat antirab-
bit IgG antibody (1/100 dilution) was applied for 30 minutes,
followed by incubation with the avidin–biotin complex with
alkaline phosphatase (ABC-AP kit; Vector Laboratories Burlin-
game, California, USA). The reaction was developed with a fast
red chromogen system (Coulter Immunotech, Marseille,
France). For all antibodies, non-specific reactivity was assessed
by omitting the primary antibody.

Immunohistochemical staining for BMPs was evaluated
and the specimens were scored according to the distribution of
positive cells within the tumour. Immunostaining results were
graded as described previously, with a slight modification11

(++, 50–95% of tumour cells positive; +, 10–49% of tumour
cells positive; −, < 10% of tumour cells or no visible staining).
The intensity of cytoplasmic staining was homogenous and
was therefore not taken into account.

Statistical analysis
The Kruskal-Wallis test, the Mann-Whitney test, and the

Friedman test with subsequent Wilcoxon tests with Bonfer-

roni correction were used as appropriate. Overall survival was

Table 1 Immunohistochemical analysis of BMP
expression in 47 osteosarcomas

Antibody ++ + −
Total BMP positive
(%)

BMP-2/4 4 24 19 28 (59)
BMP-3 4 20 23 24 (51)
BMP-5 19 22 6 41 (87)
BMP-6 13 18 16 31 (68)
BMP-7 27 16 4 43 (91)
BMP-8 15 27 5 42 (90)

Immunostaining results are graded as follows: ++, 50–95% of tumour
cells positive; +, 10–49% of tumour cells positive; −, less than 10% of
tumour cells positive or no visible staining.
BMP, bone morphogenetic protein.

Figure 1 Cytoplasmic staining of
bone morphogenetic proteins (BMPs)
in osteoblastic osteosarcoma.
Original magnification, ×400.
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defined from the day of surgery until the death of the patient.

Data concerning patients who survived until the end of the

observation period were censored at their last follow up visit.

Death from a cause other than osteosarcoma or survival until

the end of the observation period were regarded as censoring

events. Disease free survival was defined from the end of pri-

mary treatment until the first evidence of progression of dis-

ease. Univariate analysis of overall survival and disease free

survival was performed as outlined by Kaplan and Meier.12 A

two tailed p value < 5% was considered significant. All statis-

tical analysis was performed using the SPSS software (RE

10.0; SPSS, Chicago, Illinois, USA).

RESULTS
Clinicopathological data
The ages of patients ranged from 6 to 65 years (median, 21).

The peak incidence of osteosarcomas was registered in the

second decade of life. Twenty nine patients were men and 18

were women.

Three tumours were located in the pelvis, including two in

the sacrum and one in the ilium. All other tumours were

located in the extremities, including 23 in the femur, 14 in the

tibia, two in the fibula, four in the humerus, and one in the

intermediate cuneiform bone. The treatment consisted of

preoperative multiagent chemotherapy according to two

different protocols of the cooperative osteosarcoma study

(COSS) trials13 (COSS 86c, n = 24; COSS 96, n = 23), followed

by surgical resection with wide resection margins in all cases.

At the time of surgery three tumours were confined to bone

and 44 had invaded the adjacent soft tissue. The resected

specimens were analysed histologically for response to

chemotherapy according to the criteria of Salzer-Kuntschik

and colleagues14; 20 patients were classified as responders and

27 as non-responders.

The duration of follow up for survivors ranged from 3.5

months to 8.5 years (median, three years) from the date of

surgery. During this period, 19 patients developed metastasis

exclusively in the lung and one patient had a local recurrence.

Sixteen patients died of tumour progression.

Immunohistochemistry
Immunohistochemical investigation revealed cytoplasmic

staining in osteoblasts of control tissue. With the exception of

one osteoblastic osteosarcoma all tumours, including the sin-

gle cases of small cell osteosarcoma and teleangiectatic osteo-

sarcoma, showed variable positive labelling with all antibod-

ies. Table 1 gives detailed results of the immunohistochemical

staining. Taken together, 28 of the 47 osteosarcomas expressed

BMP-2/4, 24 expressed BMP-3, 41 expressed BMP-5, 31

expressed BMP-6, 43 expressed BMP-7, and 42 expressed

BMP-8.

Figure 1 shows staining for the different BMPs in an oste-

oblastic osteosarcoma. The expression of BMP-2/4 and BMP-3

was significantly lower than that of BMP-5, BMP-7, and

BMP-8. Table 2 shows details of the differences with

corresponding p values.

The expression of BMP-6 correlated with chondroid differ-

entiation (p = 0.001). Figure 2 provides detailed information

about the expression of BMP-6 in osteosarcomas with

chondroid differentiated parts compared with all other exam-

ined osteosarcomas. No other protein showed a correlation

with an osteosarcoma subtype.

Response to chemotherapy, overall and disease free
survival analysis
No correlation was found between response to chemotherapy

and the expression of BMPs (p > 0.05, Mann-Whitney test).

Overall and disease free survival analysis showed no

significant correlation with high or low expression of the

examined proteins (p > 0.05, log rank test).

DISCUSSION
Our study documents the expression of different BMP

subtypes in osteosarcoma. With the use of commercially avail-

able antibodies against six proteins of the BMP family,

variable degrees of expression of these proteins were detected

in osteosarcoma. Moreover, a correlation was found between

BMP-6 expression and chondroid differentiation. Because

BMP-6 has been shown to be one of the major mitogens of

chondrogenesis in recent studies using human and mouse cell

cultures of bone marrow stromal cells,15 16 the protein may also

be of importance in the formation of neoplastic cartilage. The

addition of BMP-6 to micromass cultures induces the growth

and maturation of these cells towards chondrocytes.15 Further

Table 2 Significant differences between bone
morphogenetic protein (BMP) subtypes (Wilcoxon test)

BMPs p Value

BMP-2/4 v BMP-5 0.015
BMP-2/4 v BMP-7 0.015
BMP-2/4 v BMP-8 0.015
BMP-3 v BMP-5 0.015
BMP-3 v BMP-7 0.015
BMP-3 v BMP-8 0.015
BMP-5 v BMP-6 0.015
BMP-6 v BMP-7 0.015

Figure 2 The left hand figure shows the distribution of bone morphogenetic protein 6 (BMP-6) expression in all osteoblastic osteosarcomas,
including the single cases of teleangiectatic and small cell osteosarcoma. The right hand figure shows the distribution in osteosarcomas with
chondroid differentiated parts. High expression of BMP-6 correlated with chondroid differentiation (p = 0.001, Mann-Whitney test).

BMP-6 >50%

BMP-6 10–49%

n = 11

n = 15

n = 7

Osteosarcoma (n = 33) Chondroblastic osteosarcoma (n = 14)

BMP-6 <10%

BMP–6 >50%

BMP-6 10–49%

n = 6

n = 7

n = 1

BMP-6 <10%
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investigations are needed to establish whether BMP-6 is

expressed in cartilage tumours. In an earlier study,17 the

expression of BMP2/4 was examined in two specimens of

chondroblastic osteosarcoma, but no detectable staining was

found. The divergence between these findings and ours might

result from the small number of tumours examined in the

earlier study and the use of different BMP subtypes
In our investigation, BMP-7 and BMP-8 were highly

expressed in all tumours examined. BMP-5 also showed a high
degree of expression, whereas the remaining proteins were
found in about a half of the cases. BMP-2, BMP-4, and BMP-7
have been listed as some of the most important promoters of
osteoblast differentiation.18 In contrast to these members of
the TGF-β superfamily, BMP-8 has not yet been examined
with regard to its role in osteoblast or cartilage differentiation.
BMP-8 shows more than 70% sequence homology with
BMP-6 or BMP-5 and has been found in mouse embryos but
not in adult mice, suggesting an early developmental role.19

However, in our present study, high expression of this protein
was found in most of the human osteosarcoma specimens,
suggesting its importance in malignant bone tumours.

“Neither response to preoperative chemotherapy nor
disease free or overall survival correlated with a high
degree of expression of BMPs in osteosarcoma”

A further aim of our study was to re-evaluate BMPs as

prognostic factors for patients with osteosarcoma. Based on

two previous studies,5 6 BMPs have frequently been cited as

prognostic markers over the past decade. These studies

measured bone morphogenetic activity in human osteo-

sarcoma specimens. Such activity was demonstrated as

ectopic formation of new bone on implanted freeze dried frac-

tions of human osteosarcomas into athymic nude mice.

Ectopic bone formation was attributed to the production of

BMPs in the tumour. The cohort of examined cases in these

studies was small, consisting of 20 and 30 patients,

respectively.5 6 Bone morphogenetic activity was seen in

approximately one third of patients in both studies. A correla-

tion of bone morphogenetic activity with response to chemo-

therapy showed relative resistance to preoperative regimens

consisting of adriamycin and methotrexate in patients with

bone morphogenetic activity.5 In both studies, bone morpho-

genetic activity correlated with a high tendency to metasta-

sise. In one study,6 the five year survival rate of patients with

bone morphogenetic activity was significantly shorter. Their

explanation for this correlation is the theory of further differ-

entiation of osteosarcomas with bone morphogenetic activity

compared with those without evidence of ectopic bone forma-

tion, which could correlate with resistance to anticancer

drugs. This theory was not corroborated by our study, in which

we obtained direct evidence of BMP expression in osteo-

sarcoma.
Neither response to preoperative chemotherapy nor disease

free or overall survival correlated with a high degree of
expression of BMPs in osteosarcoma. One reason for this
striking difference may have been the diverse methods of
evaluation. Immunohistochemistry does not provide evidence

of bone formation induced by BMPs, but is a standardised and

repeatable procedure for detecting protein expression in

tumour tissue. Moreover, our study comprised a larger cohort

of patients who were treated with advanced chemotherapy

regimens.

A wide range of osteosarcoma markers have been reported

to be of prognostic value.20 These include molecular markers

such as p53, p-glycoprotein, the multidrug resistance gene,

human epidermal growth factor receptor, and metallothionin

expression. All these markers were investigated in tumour

tissue. Serological markers would be even more helpful to

modify therapeutic strategies in advance. However, reports

concerning the importance of markers such as alkaline

phosphatase or lactate dehydrogenase are controversial.21–23

In summary, we detected high expression of different BMP

subtypes in human osteosarcoma. BMP-7 and BMP-8 in

particular are highly expressed in osteosarcomas, regardless of

their differentiation. High BMP-6 expression was found in

chondroid differentiated parts of osteosarcoma. In our study

BMP expression did not provide predictive information about

the response to preoperative chemotherapy or the outcome of

patients.
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Take home messages

• Bone morphogenetic protein 7 (BMP-7) and BMP-8 are
highly expressed in osteosarcoma

• High expression of BMP-6 appeared to correlate with a
chondroid differentiation

• Although BMPs have been frequently cited as prognostic
markers over the past decade, we found that the expression
of BMPs did not help to predict the outcome of patients
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