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Platelet-derived growth factor (PDGF) is a major
mitogen and chemotactic factor for mesenchymal
cells such as fibroblasts, smooth muscle cells, and
osteoblasts. PDGF exists as disulfide-linked homo-
or heterodimers composed of two polypeptide
chains encoded by distinct genes, designated
PDGF-A and PDGF-B. Upon binding to its tyrosine
kinase receptor PDGF-a, especially PDGF-AA stim-
ulates the proliferation of osteoblastic cells and may
exert autocrine and paracrine effects in regulating
bone-forming processes. The purpose of this immu-
nohistochemical study was to determine the expres-
sion of PDGF-AA and PDGF-a receptor in benign
and malignant neoplastic bone lesions. Polyclonal
antibodies to PDGF-AA and PDGF-a receptor were
used on paraffin sections of 23 osteosarcomas and
17 osteoblastomas. Immunostaining was assessed
quantitatively by evaluating the percentage of reac-
tive tumor cells. In osteosarcomas, the mean ex-
pression of PDGF-AA and PDGF-a receptor was
33.97% (range, 2 to 80%; SD, 24.26%) and 27.13%
(range, 3.2 to 72%; SD, 18.38%), respectively. Osteo-
blastomas showed significantly lower expression of
PDGF-AA than osteosarcomas (mean, 15.71%;
range, 5 to 34%; SD, 9.43%; P 5 .019). Although the
mean expression of PDGF-a receptor in osteoblas-
tomas was much lower than in osteosarcomas
(mean, 17.55%; range, 3.6 to 26.8%; SD, 6.47%), the
difference was not significant (P 5 .122). For osteo-
sarcomas, Spearman correlation coefficient (two-
tailed) revealed a significant correlation between
the expression of PDGF-AA and PDGF-a receptor
(r 5 .688), which was not the case for osteoblasto-
mas (r 5 .267). These data suggest that in contrast to
osteoblastoma, the growth of osteosarcoma may be
supported by the coordinate expression of the po-

tent mitogenic growth factor and its receptor that
exert their functions by autocrine and paracrine
mechanisms.
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The platelet-derived growth factors (PDGFs) are en-
coded by two independently regulated genes,
PDGF-A and PDGF-B, located on chromosomes 22
and 7, respectively (1). The two genes encode for
distinct polypeptide chains, which exhibit approxi-
mately 56% sequence homology and can combine
to form three disulfide-linked dimers AA, BB, or AB.
After ligand binding, the PDGF receptor dimerizes
into homodimers (aa or bb) or the heterodimer ab.
PDGF-AA binds to the aa receptor, whereas
PDGF-AB binds to the aa or ab receptors and
PDGF-BB binds to all three receptors (2). These
growth factors are produced and secreted by
megakaryocytes, activated vascular endothelial
cells, macrophages, fibroblasts, and smooth muscle
cells (3, 4). Cells of mesenchymal origin, such as
chondrocytes, are the target of PDGFs, in which
they stimulate proliferation and differentiation (5).
Recent studies have focused on the expression of
PDGF-AA and PDGF-a receptor in bone fractures
(6) and heterotopic and osteophytic bone (7). In
osteoblasts, PDGF-AA mRNA expression has been
demonstrated by in situ hybridization in all stages
of activity, whereas the PDGF-BB mRNA was re-
stricted to active osteoblasts adjacent to woven
bony trabeculae (6). Expression of PDGF-AA and
PDGF-a receptor has been shown in rapidly form-
ing human bone by immunohistochemistry (7). Ex-
perimental studies using cultured rat osteoblasts
have demonstrated increased expression of
PDGF-A mRNA after treatment with PDGF-AA or
PDGF-BB (8).

Little is known about the involvement of these
growth factors in benign and malignant neoplastic
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bone lesions, and up to now these investigations
were largely restricted to in vitro studies. In osteo-
sarcoma cell lines, tumor cells may stimulate their
proliferation through an autocrine mechanism by
simultaneously producing growth factors and
growth factor receptors (9, 10). In human osteosar-
comas, expression of both PDGF and receptor has
been demonstrated in 38% of the cases (11). Simi-
larly, epithelial tumors, such as prostate adenocar-
cinoma (12) and invasive breast cancer (13), have
been shown to coexpress PDGF-AA and PDGF-a
receptor, suggesting an autocrine mechanism of
cell proliferation control.

The purpose of this study was to examine the
expression of PDGF-AA and PDGF-a receptor in a
series of malignant and benign human bone tu-
mors (i.e., osteosarcomas and osteoblastomas) and
to find out whether there is a correlation between
ligand and receptor expression. The majority of os-
teosarcomas and osteoblastomas showed expres-
sion of PDGF-AA and PDGF-a receptor in a signif-
icant proportion of tumor cells. Osteosarcomas
differed from osteoblastomas by higher proportion
of PDGF-AA and PDGF-a receptor–positive tumor
cells and by the statistically significant correlation
between PDGF-AA and PDGF-a receptor expres-
sion, suggestive of an autocrine loop that could
represent a mechanism contributing to osteosar-
coma growth.

MATERIALS AND METHODS

Tissue
The retrospective study comprised diagnostic

pretreatment biopsies of 23 osteosarcomas and 17
cases of osteoblastoma resection specimens. The
tissue was fixed in 7.5% buffered formalin (pH 7.4),
decalcified with EDTA, and routinely processed.
The osteosarcomas consisted of 20 intramedullary
high-grade tumors and three low-grade osteosarco-
mas (1 central, 2 parosteal). The tumors were clas-
sified according to histologic type and differentia-
tion (14, 15), as shown in Table 1.

Bone lesions with increased remodeling sites
were used as controls and comprised one specimen
each diagnosed as arthrosis, pseudoarthrosis, os-
teomyelitis, callus formation, and osteoblastic ade-
nocarcinoma metastasis.

Immunohistochemistry
Serial sections were used for immunohistochem-

ical staining for PDGF-AA and PDGF-a receptor,
respectively, and corresponding sections were
stained with hematoxylin and eosin. Immunohisto-
chemical studies were done on paraffin sections
using a polyclonal antibody against human

PDGF-AA (N-30, Santa Cruz Biotechnology, Santa
Cruz, CA; 1:50) raised against a peptide correspond-
ing to amino acids 182–211. After incubation at
room temperature for 1 h, the secondary biotinyl-
ated goat antirabbit IgG antibody (1:100) was ap-
plied for 30 min followed by incubation with the
avidin-biotin complex with alkaline phosphatase
(ABC-AP Kit, Vector Laboratories Burlingame, CA).
The reaction was developed in the presence of fast
red chromogen system (Coulter Immunotech, Mar-
seille, France). The antibody used for the detection
of PDGF-a receptor (C-20; Santa Cruz Biotechnol-
ogy; 1:40) was a rabbit polyclonal antibody raised
against a peptide corresponding to amino acids
1065–1084 mapping within the carboxy terminal
domain of PDGF-a receptor. Sections were pre-
treated by microwaving in citrate buffer (pH 6.0)
twice for 5 min each at 600 W. The sections were
incubated with the antibody for 1 h followed by
incubation with biotinylated goat antirabbit IgG as
a secondary antibody (1:100) and then alkaline
phosphatase-conjugated streptavidin (Super Sensi-
tive HRP Label; Biogenex, San Ramon, CA). The
reaction was visualized by new fuchsin (Dako,
Carpinteria, CA) as a chromogen. For both antibod-
ies, nonspecific reactivity was assessed by omission
of the primary antibody and the specificity of stain-
ing was confirmed in tumor sections as well as in
control tissue by preabsorption of the antisera with
blocking peptides supplied by the manufacturer.

Equimolar concentrations of antibody and block-
ing peptides were incubated in 1% Tris–phosphate-

TABLE 1. Expression of PDGF-AA and PDFG-a Receptor

in Osteosarcoma

Case Type Grade
PDGF-AA

(%)
PDGF-a

Receptor (%)

1 m hg 2 23.1
2 o hg 20.6 10
3 o hg 64 65.6
4 m hg 80 18.2
5 o hg 64.1 31.4
6 o hg 41.9 44.5
7 o hg 36.9 11.6
8 o hg 20.8 30
9 o hg 41.9 35.4
10 o hg 80 38
11 c hg 8.6 6.8
12 o hg 19.1 23.7
13 o hg 51.6 52
14 o hg 27 18
15 o hg 15.5 28.8
16 o hg 41.7 24.7
17 o hg 40 37
18 o hg 66.7 72
19 o hg 16 20
20 p lg 21.5 11.2
21 p lg 11.3 4
22 t hg 6.2 14.8
23 clg lg 4 3.2

PDGF, platelet-derived growth factor; o, osteoblastic; c, chondroblas-
tic; m, mixed; t, telangiectatic; clg, central low grade; p, parosteal; hg, high
grade; lg, low grade.
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buffered saline for 1 h at room temperature. Stain-
ing for PDGF-AA and for PDGF-a receptor was
completely abolished by this procedure.

Immunoreactivity was assessed at high-power
magnification in 5 to 8 microscopic fields that
showed maximum reactivity and was expressed as
the percentage of positive cells per 500 tumor cells.
Staining intensity was not taken into account as it
varied considerably from case to case and even in
the same section. In addition, staining intensity
might be influenced by the varying duration of fix-
ation and different age of the paraffin blocks. Fresh
tissue for quantitative molecular and functional
studies was not available.

Statistical Analyses
To evaluate the correlation between the expres-

sion of PDGF-AA and PDGF-a receptor, Spearman
rank correlation test was used. Mann-Whitney U
test was used as a nonparametric univariate analy-
sis to compare the percentages of tumor cells that
were reactive to PDGF-AA and PDGF-a receptor in
osteosarcomas versus osteoblastomas. P values less
than .05 were considered significant. All statistical
analyses were performed using SPSS software (RE
8.0; SPSS, Inc., Chicago, IL).

RESULTS

PDGF-AA and PDGF-a Receptor Expression in
Control Tissues

In the control material (arthrosis, pseudoarthro-
sis, osteomyelitis, callus formation, and osteoblas-
tic adenocarcinoma metastasis), activated cuboidal
osteoblasts stained strongly for PDGF-AA and
PDGF-a receptor and even quiescent osteoblasts
flattening out as lining cells on the surface of bony
trabeculae showed weak staining (Fig. 1A, B). Oste-
oclasts expressed PDGF-AA, and sometimes weak
reactivity to PDGF-a receptor antibody was found.
Occasional osteocytes stained for PDGF-AA,
whereas PDGF-a receptor was negative in these
cells. These findings are consistent with a previous
report except for the weak reactivity for PDGF-a
receptor observed in osteoclasts (7).

PDGF-AA and PDGF-a Receptor Expression in
Osteosarcoma

Reactivity to both antibodies was observed in all
23 osteosarcomas (Table 1); however, staining in-
tensity was heterogeneous, varying widely from one
microscopic field to another (Fig. 1C, D). PDGF-AA
was not restricted to any kind of tumor cell type but
was seen in osteoblastic cells as well as in pleomor-
phic tumor elements. In serial sections, coexpres-
sion of both proteins in the same cell was widely

detectable, although some tumor elements showed
only positivity for one antibody. The mean expres-
sion of PDGF-AA and PDGF-a receptor was 33.97%
(range, 2 to 80%; SD, 24.26%) and 27.13% (range, 3.2
to 72%; SD, 18.38%), respectively. It is interesting
that in comparison to the high-grade tumors, the
three low-grade osteosarcomas gave relatively low
percentage values for both proteins. The lowest
values overall were obtained from the central low-
grade osteosarcoma (Table 1).

PDGF-AA and PDGF-a Receptor Expression in
Osteoblastoma

Osteoblastomas showed significantly lower ex-
pression of PDGF-AA than osteosarcomas (mean,
15.71%; range, 5 to 34%; SD, 9.43%; P 5 .019).
Although the mean expression of PDGF-a receptor
in osteoblastomas was much lower than in osteo-
sarcomas (mean, 17.55%; range, 3.6 to 26.8%; SD,
6.47%), the difference was not significant (P 5 .122).
On serial sections, some tumor osteoblasts showed
positivity for both antibodies (Fig. 1E, F). The
mononuclear cells between the bony trabeculae
were partially positive, and even osteoclasts
strongly expressed PDGF-AA. Labeling of oste-
oclasts for PDGF-a receptor was only focally detect-
able and of much weaker intensity (Table 2).

For osteosarcomas, Spearman correlation coeffi-
cient (two-tailed) revealed a significant correlation
between the expression of PDGF-AA and PDGF-a
receptor (r 5 .688), which was not the case for
osteoblastomas (r 5 .267) (Fig. 2A, B).

DISCUSSION

PGDF has potent effects on mesenchymal tissue
cells. The growth factor is made up of dimers of A
and B polypeptide chains, which are combined to
generate the three isoforms of PDGF (AA, BB, AB).
Binding to its respective receptor triggers a cascade
of events that include receptor autophosphoryla-
tion, phosphorylation of intracellular substrates,
and activation of signaling pathways involved in
metabolic processes and enhanced cell prolifera-
tion. The role of the different PDGF isoforms in
bone cells is not clearly defined, but it is established
that osteoblasts produce and respond to PDGF-AA
(16 –18), indicating that PDGF-AA may function in
an autocrine manner to regulate bone formation.
PDGF-AA can also be detected in all stages of frac-
ture healing, making it the predominant isoform in
this situation (6).

The expression of PDGF-AA and its receptor in
neoplastic osteoblasts has hardly been examined.
The few published studies were mainly limited to
the use of osteosarcoma cell lines (9, 19) with the
exception of a series on 37 osteosarcomas in which
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the PDGF antibody used did not differentiate be-
tween the PDGF isoforms, and the correlation be-
tween the expression of factor and receptor has not
been examined (11).

In this study, we addressed the question of
whether there are different expression levels of
PDGF-AA and PDGF-a receptor in benign versus
malignant bone tumors and we therefore examined
a series of 17 human osteoblastomas and 23 human
osteosarcomas by immunohistochemistry on par-
affin sections. Not only did osteosarcomas show
higher levels of PDGF-AA and PDGF-a receptor, but
also there was a significant correlation between the
expression of ligand and receptor. Although immu-
nohistochemical positivity is not absolute proof of a

functional role, the abundance of expression in
combination with the spatial relationship demon-
strated on serial sections suggests an autocrine loop
in osteosarcoma, which may contribute to tumor
growth and progression. Further functional studies
on the protein and mRNA level are needed to con-
firm the findings of this study and to determine
whether ligand and receptor are overexpressed in
osteosarcoma.

Growth and progression of solid tumors are de-
pendant on neovascularization, a process in which
the angiogenic factor vascular endothelial growth
factor is essential (20). Expression of vascular en-
dothelial growth factor has recently been reported
to occur in osteosarcomas (21), and its expression is

FIGURE 1. Immunohistochemical staining for platelet-derived growth factor AA (left panel) and platelet-derived growth factor a receptor (right
panel) in representative example of reactive lesion (A, B), chondroblastic osteosarcoma (C, D), and osteoblastoma (E, F).
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positively influenced by the inducing agents PDGF
and transforming growth factors a and b (22). The
coordinate expression of PDGF-AA and PDGF-a re-
ceptor demonstrated herein and the expression of
transforming growth factor b and receptor pub-
lished elsewhere (23, 24) suggest that these two
factors may influence growth and progression in
osteosarcoma in part by stimulating angiogenesis.

Insulin-like growth factors (IGF-I, IGF-II) have
similarly been implicated in growth promotion of
tumors in vivo and in vitro. Expression of both
IGF-I and IGF-II receptors has been found in osteo-
sarcoma cells and synthesis of IGF-II induced au-
tocrine growth stimulation via the IGF-I receptor
(25).

To summarize, we provide evidence of PDGF-AA
and PDGF-a receptor expression in osteosarcoma
and osteoblastoma. Comparison between the two
tumor categories revealed that PDGF-AA is signifi-
cantly increased in osteosarcoma and that it signif-
icantly correlates with the expression of its recep-
tor, which is not the case in osteoblastoma. These
data suggest that in contrast to osteoblastoma, the

growth of osteosarcoma may be supported by the
coordinate expression of the potent mitogenic
growth factor and its receptor that exert their func-
tion by autocrine and/or paracrine mechanisms.
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Book Review

Damjanov I, Rubin E: Review of Pathology, 2nd
Ed, 250 pp, Baltimore, Lippincott Williams
& Wilkins, 2000 ($26.50).

There are several published study guides that
concentrate on the core concepts of pathology
through questions, answers, and brief explana-
tions. The second edition of these distinguished
authors’ text is similar, but the format has been
modified by concentrating on more clinically rel-
evant material and by using questions that con-
form to the National Board of Medical Examiners
(NBME).

More than 1000 questions in this textbook
cover both general and systemic pathology, with
approximately one half using clinical vignettes
that emphasize clinicopathologically relevant
features of different concepts and disease pro-
cesses. The authors claim that the book concen-
trates on “high-yield” topics (with each question
covering more than one topic) that consistently
recur on the USMLE-1 examinations, with which
I concur. The questions follow NBME format by
using simple best-answer multiple-choice ques-
tions or extended multiple-choice questions
(with more than five choices from which to se-
lect). True-false questions or “K” type questions
are no longer used. Several of the questions in
the main text use images and graphs in the stem.
Each question also includes a brief explanation
of the correct answer at the end of the chapter.

At the end of the book is a comprehensive

examination that includes 125 questions, 24 of
which contain color images and brief explana-
tions of the answers. The authors supply a grad-
ing scale that a student may use to predict suc-
cess on his or her medical school’s final
examination or on the USMLE-1.

My only recommendation of this review text
for future editions is to increase the already
prominent number of clinically relevant ques-
tions and to use more images with questions
containing clinical vignettes. This review book
certainly provides sophomore medical students
with a supplement to learning clinically relevant
information of pathology in preparation for their
clinical years in medical school. Students are
always requesting old test questions or sample
exams to use during a pathology course or for
preparing for the USMLE-1. Faculty members
who teach often request “question writing” ad-
vice; they will also find this book beneficial as a
guideline. This text certainly meets the needs of
these students and teaching faculty and is highly
recommended for medical students who are tak-
ing pathology, for those who are preparing for
the USMLE-1, and for medical school faculty
members who are directing or teaching in a pa-
thology course.

Byron E. Crawford
Tulane University School of Medicine
New Orleans, Louisiana
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