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Objective: To investigate the expression and the clinical significance of basic fibroblast growth factor (b-FGF) and
endostatin in osteosarcoma.

Methods: From January 2003 to December 2005, expression of b-FGF, endostatin and CD34 were detected in 30
osteosarcoma and 30 osteochondroma tissue specimens by the immunohistochemical Elivision method. All data were
post-processed with SPSS 13.0 software and prepared for investigation and analysis of these expressions and the
relationships between the parameters.

Results: (i) The rates of expression of b-FGF, endostatin and CD34 protein in osteosarcoma were 76.7%, 93.3%, and
96.7%, respectively, and in osteochondroma 43.3%, 40.0% and 16.7%, respectively. Each of the three expressions showed
obvious differences between the osteosarcoma and the osteochondroma group. (ii) In the osteosarcoma group, expres-
sion of endostatin was positively correlated with that of CD34 (P < 0.05, gs = 0.528), and expression of endostatin in
poorly differentiated osteosarcoma was much greater than that in highly differentiated osteosarcoma (P = 0.004).
Expression of endostatin correlated with osteosarcoma metastasis (P = 0.036). (iii) There was no correlation between
b-FGF and endostatin expression rates (P = 0.182) in the osteosarcoma group.

Conclusion: Angiogenesis is the basis of tumor metastasis, as well as being an important factor in tumor growth.
Expression of endostatin could be adopted as a parameter for the diagnosis of postoperative metastases and for assessing
prognosis, and could act as an adjuvant indicator in the grading of osteosarcoma.
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Introduction

Osteosarcoma is the most common primary malig-
nant bone tumor in children and adolescents. About
80% of cases occur in the long bones of the limbs, the
other 20% being in the axial skeleton and pelvis1. In
young adults it usually occurs where there is rapid bone
growth, such as in the distal femur, proximal tibia, and
proximal humerus. Osteosarcoma is a primary malig-
nant tumor of the skeleton characterized by the direct
formation of immature bone or osteoid tissue by the
tumor cells. Most osteosarcoma tumors are of high grade
and tend to produce pulmonary metastases. Despite
clinical improvements, patients with metastasis or recur-
rent diseases still have a poor prognosis. The growth

and dissemination of osteosarcoma depends on angio-
genesis. A number of measurable factors related to
tumor angiogenesis have been studied in patients with
osteosarcoma1–5.

Angiogenesis factors correlate with important clinical
features in patients with sarcomas ranging from soft-
tissue sarcomas to bone sarcomas6,7. Angiogenesis factors
may serve an important role in predicting a particular
patient’s clinical course and in identifying patients for
possible antiangiogenic therapy. A delicate balance
between positive and negative regulatory signals controls
each step of angiogenesis. When the promotion function
of angiogenesis regulatory factors is dominant, this leads
to vascular proliferation, otherwise, vascular proliferation
is inhibited.

Basic fibroblast growth factor (b-FGF) is the most
important angiogenic factor8,9. It can stimulate endothe-
lial cells to proliferate, migrate, and alter their patterns of
gene expression, and increase microvascular permeability.
Up to now, endostatin is the most effective known inhibi-
tory factor for angiogenesis, being capable of inhibiting
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vascular endothelial cell proliferation and controlling the
growth of both metastatic and primary tumors10.

There has been little research on the vascular regulatory
factors in solid osteosarcoma. In the present study, the
expressions of b-FGF, endostatin and CD34 in osteosar-
coma and osteochondroma were evaluated by applying
immunohistochemistry staining methods. The effects of
b-FGF and endostatin on the occurrence and growth of
osteosarcoma are discussed. The relationships among
b-FGF, endostatin and CD34, as well as their relationships
to clinical and pathological parameters were also studied.
The results reported here provide a solid basis for further
developments in pathogenesis, treatment and assessment
of prognosis in osteosarcoma. Further work could eluci-
date the complex biology of tumor angiogenesis and
define rational approaches to anti-angiogenic cancer
therapy.

Materials and methods

Sample collection
Thirty osteosarcoma tissue specimens were collected by

the pathology department of the Second Hospital of
Shanxi Medical University from January 2003 to Decem-
ber 2005. The selection criteria were as follows: (i) a diag-
nosis of malignant osteosarcoma; (ii) primary tumor in
the limbs; (iii) no detectable lung metastases; (iv) no anti-
angiogenesis drugs had been used; (v) information on
follow-up could be obtained; (vi) complete records of the
cases pre- and post-operation, and samples of the primary
tissue, had been preserved. There were 24 male and 6
female patients with a mean age of 12.4 years (range,
12–60 years). Among them, 12 cases were in the distal
femur, 3 in the femoral shaft, 1 in the femoral trochanter,
11 in the proximal tibia, 1 in the distal tibia and 2 in the
humerus and radius, respectively.

Sample staging
Hematoxylin-eosin (HE) and immunohistochemical

staining were performed. All stained sections were
re-examined by pathology experts. The specimens of
osteosarcoma were classified as grade Ia, Ib, IIa, IIb and III
according to the maximum diameter (two groups, one
�8 cm and the other <8 cm), alkaline phosphatase (ALP,
two groups, one �150 u/l and the other <150 u/l), ages
(two groups, one �16 and the other <16 years old), post-
operative survival time (two groups, one �1 year and the
other <1 year), use of preoperative chemotherapy or not,
the degree of differentiation, occurrence of metastasis or
not, and the Enneking surgical staging system.

Thirty osteochondroma tissue specimens were col-
lected from the same source as the controls. There were 17
male and 13 female patients with a mean age of 18.4 years
(range, 6–65 years).

Immunohistochemistry
Immunohistochemistry was performed on sections of

5-mm thickness from each specimen. The sections were
dewaxed in xylene and rehydrated at concentration-
graded alcohol. Endogenous peroxide was blocked with
3% H2O2 for 20 minutes, and then pretreated in a micro-
wave oven in 0.125% trypsin for 130 seconds. Thereafter,
the slices were processed according to standard methods
using the broad-spectrum Elivision method plus an
immunohistochemical staining kit. The primary antibod-
ies used were mouse anti-human CD34 monoclonal anti-
body, rabbit anti-human endostatin polyclonal antibody,
and rabbit anti-human b-FGF polyclonal antibody at
dilutions of 1:50. Diaminobenzidine was used for the
development of coloration. A negative control was gener-
ated by using phosphate buffered solution (PBS) to
replace the primary antibody. Human tonsil cancer was
used as the positive control for mouse anti-human CD34
and rabbit anti-human endostatin, and human esoph-
ageal cancer was used as a positive control for rabbit anti-
human b-FGF.

Determination of micro-vessel density
The tumors were usually inhomogeneous in their

micro-vessel density (MVD). MVD is a semi-quantitative
surrogate measure of angiogenesis. The micro-vessels
were immunohistochemically stained by using an endot-
helial cell-specific antibody, namely anti-CD34. For deter-
mination of MVD, the five most vascular areas (“hot spot”
areas) within the same section were chosen under a light
microscope with a 100¥ magnification and counted with a
400¥ magnification. A brown stain structure clearly sepa-
rated from the adjacent micro-vessels was regarded as a
single countable micro-vessel. The average count was
recorded as MVD for each case.

Determination of results
Brown-stained cell nuclei and cytoplasm are considered

to be endostatin positive. Furthermore, brown-stained
cytoplasm is also b-FGF positive. Ten high power fields
were chosen randomly for each slice. The average number
of positive cells was used to determine the overall percent-
age of positive cells as follows: 0 points were allocated for
no positive staining cell, 1 point for <25% of positive
staining cells, 2 points for between 25% and 50%, and 3
points for 50% or more. Scoring by staining intensity was
as follows: 0 points for no staining, 1 point for yellow, 2
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points for brown-yellow, and 3 points for brown. The two
types of score were added and classified as follows: score of
0, a negative result (-); between 1 and 2, a weak positive
result (+); between 3 and 4, a moderately positive result
(++); and between 5 and 6, a strongly positive result
(+++).

Statistical methods
Statistical analysis was carried out with the SPSS 13.0

package (SPSS, Chicago, IL, USA). Cytokine concentra-
tions between groups were compared by using the c2 test,
and the correlations among cytokine levels were assessed
by the Spearman rank correlation and the Wilcoxon rank
sum tests. P < 0.05 was considered statistically significant.

Results

Expression of b-FGF in osteosarcoma and
osteochondroma

The immune products of b-FGF were brown and
located in the cytoplasm. The positive staining cells in the
tumor tissue were observed to be scattered and irregular.
There were 23 positive expressions out of the 30 osteosa-
rcoma cases, making a positive rate 76.7%, while it was
43.3% in the control group. As shown in Table 1, there
were significant differences between the groups (c2 =
12.896, P < 0.01), expression of b-FGF in osteosarcoma
being greater than that in osteochondroma (Fig. 1a, b).

Expression of endostatin in osteosarcoma
and osteochondroma

The immune products of endostatin were brown
and located in the cytoplasm and cell nuclei. The
positive cells were irregular and scattered through the
tumor tissue. There were 28 positive expressions among
the 30 osteosarcoma cases, hence the positive rate
was 93.3%, which contrasts markedly with 40.0% in
the control group. As shown in Table 1, there were
significant differences between these groups (c2 =
20.851, P < 0.01), expression of endostatin in osteosar-
coma being greater than that in osteochondroma
(Fig. 2a, b).

Expression of CD34 in osteosarcoma
and osteochondroma

The immune products of CD34 were brown and
located in the cell membranes. The positive staining
cells were endothelial cells. Micro-vessels are mostly
found at the periphery of tumors. The positive cells
were irregular and scattered through the tumor tissue.
There were 29 positive expressions out of the 30 osteosa-
rcoma cases, making the positive rate 96.7%, as com-
pared to 16.7% in the control group. As shown in
Table 1, there were significant differences between the
two groups (c2 = 25.127, P < 0.01), expression of CD34
in osteosarcoma being higher than that in osteochon-
droma (Fig. 3a, b).

Table 1 Semi-quantitative results of b-FGF, endostatin and CD34 positive staining in osteosarcoma and osteochondroma

Group Cases (n)

b-FGF Endostatin CD34

- + ++ +++ Positive rate - + ++ +++ Positive rate - + ++ +++ Positive rate

Osteosarcoma 30 7 3 12 8 76.7% 2 2 13 13 93.3% 1 4 19 6 96.7%
Osteochondroma 30 17 7 4 2 43.3% 18 7 3 2 40.0% 25 3 1 1 16.7%

The expressions of b-FGF, endostatin and CD34 in osteosarcoma are greater than those in osteochondroma, the differences between the
groups being significant (P < 0.01).

a b

Figure 1 B-FGF expression in osteosar-
coma. The positive products of b-FGF are
brown and located in the cytoplasm: (a),
¥100; (b), ¥400.
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The relationships between b-FGF, endostatin and
clinical and pathologic parameters of
osteosarcoma

The expressions of b-FGF and CD34 in osteosarcoma
were not correlated. There was no significant difference
between the different groups (P > 0.05) in expressions
of b-FGF in tissue-differentiation, tumor diameter, pre-
operative chemotherapy, age of patient, ALP, Ennecking
stage, incidence of metastases and duration of postop-
erative survival. The expressions of endostatin and
CD34 in osteosarcoma were positively correlated (P <
0.05), the correlation coefficient gs being 0.528. There
was a significant difference between well and poorly dif-
ferentiated carcinomas in expression of endostatin (P <
0.05), the expression of endostatin being greater in the
low differentiation than in the high differentiation
group. Expression of endostatin was correlated with
osteosarcoma metastasis (P < 0.05). However, in regard
to tumor diameter, pre-operative chemotherapy, age of
patient, ALP, Ennecking staging, incidence of metastases
and duration of postoperative survival, there was no sig-
nificant difference between the groups (P > 0.05)
(Table 2).

The relationship between expressions of b-FGF
and endostatin in osteosarcoma

In this study, Wilcoxon’s rank sum test was used to
assess the relationship between b-FGF and endostatin in

the osteosarcoma specimens. No correlation between the
groups was found (P > 0.05) (Table 3).

Discussion

Expression of b-FGF in osteosarcomas
Of the variety of factors secreted by tumors which have

been identified as promoting tumor angiogenesis, b-FGF
(also known as FGF-2), which induces endothelial cell
proliferation, migration and capillary tube formation, was
among the first to be characterized. The amount of b-FGF
is increased in patients with different cancers11, which
shows that angiogenesis plays an important role in tum-
origenesis. The multistep angiogenesis process can be
divided into induction and resolution phases. The induc-
tion phase involves dynamic changes in endothelial
cell-cell and cell-matrix interaction, which include degra-
dation of the basement membrane, and proliferation,
migration, and adhesion of endothelial cells. In the reso-
lution phase, perivascular-supporting cells are recruited,
and a maturation process results in the assembly of fully
functional new blood vessels12. All of these steps involve
many growth factors, such as receptors, proteases, adhe-
sion molecules, and ECM3 components. The fibroblast
growth factor (FGF) family consists of at least 19
members, all being 18–30 kDa proteins with a strong
affinity for heparin. Four different FGF receptors, all of
which are tyrosine kinase receptors, have been identified13.
B-FGF can stimulate proliferation and migration of

a b

Figure 2 Endostatin expression in osteosa-
rcoma. The positive products of CD34 are
brown and located in the cell membrane:
(a), ¥100; (b), ¥400.

a b

Figure 3 CD34 expression in osteosar-
coma. The positive products of endostatin
are brown and located in the cytoplasm
and cell nuclei: (a), ¥100; (b), ¥400.
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endothelial cells, alter their patterns of gene expression,
increase microvascular permeability, cause extravasation
of plasma proteins into the extravascular space, and also
induce plasma-derived matrix. B-FGF plays a key role in
tumor angiogenesis. It can induce neovascularization and
is considered crucial in tumor biology14. Inhibition of
b-FGF decreases tumor growth in mice.

In their lung cancer study, Takanami et al. found that
b-FGF was correlated with microvessel density, histologi-
cal grade and prognosis15. In the present data, 23 of 30
osteosarcoma cases showed positive expression of b-FGF,
the positive rate being 76.7%, while in the osteochon-
droma group it was 43.3%.Thus expression of b-FGF
in osteosarcoma was greater than in osteochondroma

Table 3 The relationship between expressions of b-FGF and
endostatin in osteosarcoma

b-FGF

Endostatin - + ++ +++ P values

- 1 1 0 0
+ 1 0 1 0
++ 4 0 4 7
+++ 0 0 8 3 0.182

Table 2 The relationship of b-FGF, endostatin and various clinical and pathologic parameters of osteosarcoma

bFGF expression (cases) Endostatin expression (cases)

- + ++ +++ P values - + ++ +++ P values

Group
CD34

- 0 0 0 1 0 0 1 0
+ 2 1 2 0 2 1 1 1
++ 4 0 6 8 0 1 2 5
+++ 0 0 5 1 0.130 0 0 1 5 0.031

Tissue differentiation
well differentiated

4 1 3 2 2 2 5 1
poorly differentiated

2 0 10 8 0.054 0 0 10 10 0.004**
Tumor diameter

�8 cm 3 1 8 5 2 0 8 7
<8 cm 3 0 5 5 0.771 0 2 7 4 0.629

Pre-operative chemotherapy
Yes 3 1 4 4 2 0 7 3
No 3 0 9 6 0.635 0 2 8 8 0.264

Ages (years)
�16 4 1 10 10 2 2 13 8
<16 2 0 3 0 0.090 0 0 2 3 0.188

ALP
�150 u/l 3 0 7 3 1 1 3 8
<150 u/l 3 1 6 7 0.460 1 1 12 3 0.069

Enneking staging
Ia 0 0 3 1 0 0 4 0
Ib 2 1 4 1 2 0 3 4
IIa 0 0 1 2 0 0 2 1
IIb 3 0 4 5 0 0 5 6
III 1 0 1 1 0.302 0 2 1 0 0.610

Metastasis
No 5 1 12 9 2 0 14 1
Yes 1 0 1 1 0.796 0 2 1 0 0.036*

Postoperative survival
�1 year 5 1 11 8 2 1 12 10
<1 year 1 0 2 2 0.766 0 1 3 1 0.426

*P < 0.05; **P < 0.01.
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(P < 0.01). Because b-FGF expression in osteosarcoma and
osteosarcoma tissue is closely related to angiogenesis and
b-FGF is both an important factor in the occurrence
and development of osteosarcoma and the most impor-
tant factor on inducing angiogenesis, these findings
suggest that occurrence and development of osteosarcoma
occurs through promotion of tumor angiogenesis.

Expression of endostatin in osteosarcomas
The process of angiogenesis is regulated by pro-

angiogenic factors rather than by a balance between pro-
and anti-angiogenic factors. Tumors are capable of the
up-down regulation of these factors, producing an envi-
ronment in which new blood vessels can form (neo-
angiogenesis) and tumors can grow. Over the past decade,
appreciation for the dependence of the growth of solid
tumors on angiogenesis has increased. This recognition
has led to the recent approach of using inhibitors of
angiogenesis in the treatment of patients with cancers16. In
addition to producing pro-angiogenic cytokines, there is
evidence that tumors also play a role in the generation of
anti-angiogenic proteins, one of the endogenous anti-
angiogenic factors being endostatin. Endostatin is a 20-kD
C-terminal fragment of collagen XVIII, which was ini-
tially isolated from a murine hemangioendothelioma
supernatant by O’Reilly et al. in 199717. Systematic analysis
in a variety of cell-based angiogenesis assays revealed for
the first time that endostatin inhibits a number of angio-
genic processes, including proliferation, migration, tube
formation, and endothelial cell adhesion18. Those effects
were not observed in non-endothelial cells. In preclinical
animal efficacy models, administration of endostatin can
lead to stable tumor dormancy without the development
of acquired drug resistance. Currently, endostatin is being
evaluated in clinical trials for a variety of human malig-
nancies. The generation of endostatin by human tumors
appears to depend on tumor histology. It has been shown
that serum concentrations of endostatin are increased in
patients with renal cell carcinoma19. In the present experi-
ment, there were 23 positive expressions of endostatin out
of 30 osteosarcoma cases, the positive rate being 86.7%,
while it was only 40.0% in the osteochondroma group.
These differences between the groups are significant (P <
0.01), the expression of the vascular inhibitory factor,
endostatin, in osteosarcoma being greater than that in
osteochondroma, suggesting that the occurrence of
osteosarcomas is related to endostatin.

Interestingly, in this study it was also found that the
amounts of endostatin were significantly decreased in
patients with metastatic disease compared with those with
localized disease, which may have significant implications
in regard to the application of anti-angiogenic therapies.

Thirty patients were included in the present study. Analy-
sis revealed that expression of endostatin is correlated
with osteosarcoma metastasis (P < 0.05), lung metastases
being more frequent in tumors with little endostatin
expression than in those with strong expression. There are
several possible explanations, as follows. Firstly, primary
tumors may generate more endostatin than metastatic
tumors. The only patients with metastases to have
increased amounts of endostatin were those with local
tumors as well as distant metastases. Secondly, amounts of
endostatin may be directly correlated with gross volume
of disease, and the patients in this study with metastases
generally had a lower tumor burden. Lastly, primary sar-
comas that generate high levels of endostatin may inhibit
the growth of distant micrometastases, as described in
animal models20. However, the last point is thus far only of
scientific interest, as clinical trials of endostatin have not
yet demonstrated significant efficacy against distant
metastases21,22.

The relationship of b-FGF and endostatin with
osteosarcoma and MVD

It was suggested and demonstrated unequivocally by
Folkman in the early 1970s that solid tumors can recruit
new blood vessels through the elaboration of pro-
angiogenic factors23. Further studies have revealed that
tumors cannot grow beyond a size of 2–3 mm3 in the
absence of angiogenesis24. It is noteworthy that tumors are
also capable of generating factors which inhibit angiogen-
esis. This phenomenon has been implicated as an expla-
nation for the clinical observation that resection of
primary tumors can lead to the rapid growth of distant
micrometastatic disease17, support for this hypothesis
having come from several murine models. Recent data
have suggested that the suppressive effect of primary
tumors on angiogenesis within metastases is due to the
longer half-life of anti-angiogenic molecules than of pro-
angiogenic cytokines in the circulation25. Intratumoral
MVD, which is commonly used to assess angiogenic
activity, is a semiquantitative surrogate measure26. The
microvessels are immunohistochemically stained using
endothelial cell-specific antibodies, such as anti-CD34

27.
Defining and measuring MVD in residual tumor cells
might help with assessing the blood supply of residual
tumor tissue and indirectly allow a certain extent of prog-
nostication on the activity of these cells. There is a close
correlation between MVD and the growth and metastasis
of prostate, bladder and colon cancers. The immune
product of CD34 is brown and located on cell mem-
branes. The positive staining cells are endothelial cells. In
the present experiment, there were 29 positive expressions
out of 30 osteosarcomas cases, the positive rate being
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96.7%, while it was only 16.7% in the osteochondroma
group. There were significant differences between the
two groups (P < 0.01), the expression of CD34 in
osteosarcoma being greater than that in osteochondroma.
Angiogenesis is an inherent property of tumors, being
important in their development and progression pro-
cesses. Among the solid tumors, the degree of tumor
angiogenesis is closely related to biological behaviors, cor-
relating with their ability to grow, infiltrate, recur and
metastasize. It has also been suggested that the anti-
angiogenesis method being adopted to treat osteosarcoma
may well be an effective neo-adjuvant therapy.

The expression of b-FGF in osteosarcoma is greater
than that in osteochondroma, which shows that the occur-
rence and development of osteosarcoma is correlated with
b-FGF promoting tumor angiogenesis. B-FGF is one of
the most important angiogenic factors. There is no corre-
lation between the expressions of b-FGF and CD34 in
osteosarcoma (P > 0.05), which also means that there is no
obvious correlation between b-FGF and MVD. Unfortu-
nately, there are still insufficient cases to verify this result.

In the osteosarcoma group, expression of endostatin
was positively correlated with that of CD34 (P < 0.05), the
correlation coefficient being gs = 0.528. There were signifi-
cant differences between expressions of endostatin in the
poorly and well differentiated groups. Expression of
endostatin in the poorly differentiated group was much
greater than that in the well differentiated one (P < 0.05),
which suggests a positive correlation of endostatin expres-
sion with osteosarcoma metastasis. There is also a corre-
lation between endostatin expression and osteosarcoma
tumor (P < 0.05), which may provide a certain auxiliary
reference for assessing clinical prognosis. The present
research shows that there is a close correlation between
endostatin expression and MVD in osteosarcoma tissue.
Lung metastases increase obviously with decrease in
endostatin expression in osteosarcomas, which suggests
that endostatin plays a very important role in the process
of metastasis of osteosarcoma. With the increased degree
of expression of endostatin protein, the value of MVD did
not appear to decrease, which may be due to insufficient
cases, the strong expression of b-FGF, or some other
factor. This study shows that there is no significant corre-
lation between expressions of endostatin and b-FGF
protein, and endostatin and b-FGF play roles from differ-
ent angles in the complex process of angiogenesis. Their
specific mechanisms require further discussion.

Conclusion

Tumor angiogenesis, a highly complex process involv-
ing precise communication between tumors cells and

their host organ or tissue, is regulated by a wide variety of
factors. Studies of such issues may give us a deeper insight
into the subject of how angiogenesis inhibitors could be
utilized as anticancer agents. In the present study, the
angiogenic processes of osteosarcoma was examined by
measuring the amounts of two different angiogenic
factors, endostatin and b-FGF, in samples of osteogenic
sarcoma tissue. It was found that the amount of endosta-
tin appears to be correlated with tumor aggressiveness,
and that the amount of endostatin is significantly less in
patients with metastases than in those without them.
Further research will be carried out to elucidate the
complex biology of tumor angiogenesis and to help define
rational approaches that could opposet or slow down the
growth of osteosarcoma by blocking the formation of new
blood vessels.
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