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ABSTRACT 

The expression of platelet-derived growth factor (PDGF), PDGF-a re- 
ceptor (PDGFRa) and PDGF-I] receptor (PDGFR~) was studied in nor- 
mal ovaries and ovarian neoplasms by immunohistochemicai analysis. 
PDGF was detected in tumor cells in 33 of 45 malignant tumor samples but 
in none of 20 benign tumors (P < 0.001) or 11 normal ovaries (P < 0.001). 
In borderline tumors, 4 of 7 tissues stained positive in tumor cells. 
PDGFRa was detected in tumor cells in 16 of 45 malignant tumors, while 
no epithelial staining was found in 16 benign tumors (P - 0.002) or in 10 
normal ovaries (P = 0.023). In 1 of 7 borderline neoplasms, tumor cells 
expressed PDGFRa. Neither normal epithelium nor tumor cells stained 
positive with antibodies against PDGFRIB. 

Patients with ovarian cancer and PDGFRa-positive tumor cells dem- 
onstrated an overall shorter survival compared to those who had nega- 
tively stained tumors (P < 0.005). A similar correlation was found in 
patients having stage III ovarian cancer (P < 0.01), which further supports 
an independent role for PDGFRa as a prognostic factor. 

Thus, the concomitant expression of PDGF and PDGFRa in tumor cells 
is related to progression of malignant ovarian tumors, indicating a func- 
tional role of PDGF via autocrine growth stimulation. 

INTRODUCTION 

Ovarian cancer is the seventh most common cancer of women and 
the leading cause of death from gynecological neoplasms (1). Ap- 
proximately 140,000 new cases are diagnosed every year and because 
of the silent nature of the tumors two-thirds of the patients have 
progressed to FIGO 3 clinical stage III to IV at the time of diagnosis 
(2). In accordance with the great diversity of cell types in the ovary, 
ovarian malignancies include many different histological types. How- 
ever, epithelial tumors with proposed origin from the surface epithe- 
lium of the ovary constitute more than 90% of malignant ovarian 
neoplasms (3). Long-term survival in advanced disease is 10-20% 
depending on treatment regimen (4). The etiology is unknown, but 
epidemiological studies have indicated that incessant ovulation may 
be of importance (5). Ovulation is considered to cause a microtrauma 
to the ovary, with subsequent proliferation of the overlying epithelium 
and concomitant risk for malignant transformation. The molecular 
mechanisms behind this derangement are unknown. PDGF has been 
described as a mitogen for mesenchymally derived cells, but recent 
observations have shown that epithelial and endothelial cells can also 
respond to this growth factor (6--8). PDGF is a dimeric protein com- 
posed of two closely related A- and B-chain polypeptides encoded by 
separate genes. All three isoforms (AA, AB, BB) have been isolated 
from natural sources and bind to two distinct receptors. PDGFRot bind 
all three isoforms with high and equal affinity, while PDGFR/3 bind 
only PDGF-BB with high affinity; PDGF-AB is bound with lower 
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affinity, and PDGF-AA not at all. The PDGF B-chain is encoded by 
the c-sis gene and is almost identical to p28v-sis, the transforming 
protein of simian sarcoma virus. Transformation by this retrovirus 
involves an autocrine activation of the PDGF receptors by the v-sis 
product, and under experimental conditions the normal c-sis product 
possesses a transforming potential identical to that of the v-sis protein 
(for a review see Ref. 9). PDGF and PDGF receptors constitute a 
growth factor system where autocrine and paracrine loops have been 
proposed in tumor tissues (8, 10). For ovarian cancer, a few cell lines 
have been found to express PDGF genes, while PDGF receptors have 
not been detected (11). An absence of receptors was also indicated in 
another study, where ovarian cancer cell lines incubated with PDGF 
were not growth stimulated (12). However, the expression of PDGFR 
can be modulated during tissue culturing (13), which suggests a pos- 
sible discrepancy between phenotypes expressed in vivo and in vitro. 

In the present study we have examined the expression of PDGF 
and PDGF receptors in the normal ovary and in ovarian neoplasms 
of varying degree of malignancy to determine the relevance of 
this growth factor system in malignant transformation and patient 
prognosis. 

M A T E R I A L S  AND M E T H O D S  

Patients and Tissue Material. Fresh surgical specimens obtained at op- 
eration were frozen immediately and kept at -70~ until analyzed. Specimens 
were obtained from 21 normal ovaries, 23 benign, 7 borderline, and 45 ma- 
lignant epithelial ovarian tumors (Table 1). The histological evaluation was 
performed by the same pathologist (E. W.) using the FIGO classification. None 
of the patients had been subject to treatment prior to surgery. 

Antibodies. PGF 007 is a mouse monoclonal antibody raised against a 
synthetic peptide corresponding to amino acids 73-97 of the PDGF B-chain 
and kindly provided by Mochida Co., Tokyo, Japan (14). In immunoprecipi- 
tation studies it recognizes PDGF-AB and PDGF-BB but not PDGF-AA. 
However, this antibody also detects A-chains when they are expressed abun- 
dantly (15). Prior incubation of the antibody with 10 nM PDGF-BB but not with 
10 nr~ PDGFR-AA greatly decreased the staining intensity (results not shown). 
As primary antibodies for detection of the receptors, a mouse monoclonal 
antibody against porcine PDGF /3-receptor (PDGFR-B2) (16) and affinity- 
purified rabbit polyclonal antibodies against a synthetic peptide corresponding 
to amino acids 1066-1084 of the PDGFRa peptide were used (17). The affinity 
purification was performed on a column coupled with 4 mg of the peptide 
immobilized on CNBr-activated Sepharose CI-4B. Antiserum was loaded onto 
the column, and after washing with PBS, the specific antibodies were eluted 
with 0.1 M citrate buffer, which was neutralized by addition of 1 M Tris base 
containing 0.1% bovine serum albumin. 

Immunohistochemistry. Immunostaining was performed on 6-/xm-thick 
cryosectioned tissues fixed in ice cold acetone for 10 min. Endogenous per- 
oxidase activity was blocked with 0.3% hydrogen peroxide in PBS for 30 min 
and endogenous avidin-binding activity was blocked by sequential incubation 
with avidin and biotin using a Blocking kit (Vector Laboratories, Burlingame, 
CA). Unspecific binding of secondary antibody to tissue was blocked by 
incubation with normal goat or horse serum diluted 1:5 with PBS. After 
incubation with primary antibody overnight at 4~ in a humidified chamber, 
tissue sections were incubated with either biotinylated horse anti-mouse im- 
munoglobulin or goat anti-rabbit immunoglobulin (Vector Laboratories). The 
immunoreaction was visualized with a Vectastain Elite ABC complex (Vector 
Laboratories), using 0.02% hydrogen peroxide as a substrate and 3-amino-9- 
ethylcarbazol in dimethyl sulfoxide as a chromogen. Finally the sections were 

4550 

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/19/4550/2451588/crs0530194550.pdf by guest on 19 M

ay 2023



PDGF AND PDGF RECEFFORS IN OVARIAN NEOPLASMS 

briefly counterstained in Meyer's hematoxylin. All samples were reviewed 
independently by two of the authors. 

Statistical Methods. Differences in growth factor expression between the 
groups were estimated with the two-tailed Fisher exact probability test (18). 
The survival times were assessed from the day of operation. Cumulative 
survival curves were constructed according to the Kaplan-Meier method (19), 
and differences in survival were estimated with the log-rank test (20). 

RESULTS 

Expression of PDGF in Normal Ovary and Benign, Borderline, 
and Malignant Ovarian Neoplasms. Table 2 summarizes the results 
of immunohistochemical analysis for PDGF in the examined tumor 
sections. The ovarian epithelium is very fragile and often denuded in 
the final specimen, which explains why not all of the ovarian samples 
contained epithelial cells for evaluation. Tumor cells showed positive 
staining (Fig. 1) in 33 of 45 malignant tumors, while no staining was 
detected in epithelium from 11 normal ovaries (P < 0.001) or 20 
benign tumors (P < 0.001). Borderline tumors, which are character- 
ized by malignant epithelium without any detectable invasion, showed 
positive epithelial reaction in 4 of 7 patients, which was significantly 
different from the benign group (P = 0.002). In the stromal areas of 
the samples, expression of PDGF revealed an inversed tendency with 
less staining in borderline (P = 0.026) and malignant (P = 0.006) 
groups than in the group of normal ovaries. This distribution of 
staining, with absence in the epithelium and presence in the stroma, 
demonstrated a significant difference between these tissue compo- 
nents in both normal ovary (P < 0.001) and benign tumors 
(P < o.ool). 

Expression of PDGFRa in Normal Ovary and Benign, Border- 
line, and Malignant Ovarian Neoplasms. The expression of 
PDGFRa followed principally the same pattern as PDGF (Table 2). 
While 16 of 45 malignant tumors showed positive staining in the 
tumor cells (Fig. 2), epithelial staining was not observed in any of 10 
normal ovaries (P = 0.026) (Fig. 3) or 16 benign tumors (P = 0.006). 
Epithelium from 1 of 7 borderline tumors stained positive. Compared 
to stromal expression in normal ovaries, where all 12 analyzed 
samples were positively stained, 9 of 20 benign tumors (P = 0.002), 
5 of the 7 borderline tumors, and 17 of 45 malignant samples (P < 
0.001) expressed PDGFRo~ in the stroma. Differences in expression 
similar to PDGE with absence in the epithelium and presence in the 

Table 1 Malignant ovarian tumors grouped according to histological type 
and FIGO stage 

I II III IV Total 

Serous 2 2 11 2 17 
Mucinous 5 0 3 0 8 
Endometrioid 2 2 5 1 10 
Clear cell 3 1 0 0 4 
Mixed 1 1 0 0 2 
Undifferentiated 0 0 4 0 4 

Total 13 6 23 3 45 

Table 2 Expression of PDGF, PDGFRa, and PDGFR[3 in (A) epithelium of the normal 
ovary and in tumor ceils of ovarian tumors and (B) the stroma of the normal ovary 

and of ovarian tumors 

In each group the number staining positive is related to the total number of analyzed 
samples. 

Normal ovary Benign Borderline Malignant 

A. PDGF 0/11 0/20 4/7 33/45 
PDGFRo~ 0/10 0/16 1/7 16/45 
PDGFR/3 0/10 0/18 0/7 0/45 

B. PDGF 14/14 16/22 4/7 27/45 
PDGFRot 12/12 9/20 5/7 17/45 
PDGFR/3 20/21 21/23 6/7 29/45 

stroma, were found in both the normal ovaries (P < 0.001) and benign 
tumors (P = 0.002). 

Expression of PDGFRI~ in Normal Ovary and Benign, Border- 
line, and Malignant Ovarian Neoplasms. Expression of PDGFR/3 
was never detected in epithelium or tumor cells (Table 2). In the 
stroma, 20 of 21 normal ovaries showed positive staining, while 
similar staining was demonstrated in 21 of 23 benign, 6 of 7 border- 
line, and 29 of 45 malignant tumors. For the group of malignant 
tumors this was significantly different from the groups of normal 
ovary (P = 0.007) and benign neoplasms (P = 0.02). The absence of 
PDGFR/3 in epithelial cells or tumor cells is significantly different 
from the expression in the corresponding stromal parts in all groups 
(P < 0.001 in normal ovaries and benign and malignant tu mors; 
P = 0.005 in borderline tumors). 

Expression of PDGFRa in Malignant Ovarian Tumors Related 
to Histology and Stage. As shown in Table 3, expression of 
PDGFRa was observed more often in serous tumors than in both 
mucinous (P = 0.03) and endometrioid (P = 0.046) tumors. Increased 
expression also seemed to be found more often in moderately well and 
poorly differentiated tumors compared to well differentiated tumors 
(P = 0.05 and P = 0.08, respectively). The expression of PDGFRa 
in stage III was not different from stage I (P = 0.45). 

Correlation between Clinical Course and Expression of PDGF 
and Its Receptors. The expression of PDGF and its receptors in 
malignant tumor cells was compared to survival. Clinical follow-up 
was possible for all 45 patients, and although the observation time was 
relatively short, significant differences were found (Fig. 4). In the 
group of patients with no detectable PDGFRa (n = 29) the cumula- 
tive survival probability after 40 months was 76% while the corre- 
sponding number in the group with tumor cells expressing PDGFRot 
(n = 16) was 28% (P < 0.005). The difference in survival was 
significant already after 14 months (P < 0.05). Those patients without 
detectable PDGFRot had a survival equivalent to that of patients 
between stage I and stage II, while the clinical course in the group 
with PDGFRa in tumor cells was not significantly different from 
stage III patients (Fig. 4). Furthermore, the expression of PDGFRo~ 
was examined in subgroups of patients. As shown in Fig. 5, patients 
in stage III having PDGFRa in tumor cells (n = 9) showed a signifi- 
cantly reduced survival (P < 0.01) compared to those without the 
receptor (n = 14). 

The observed differences in PDGFRa staining of malignant tumor 
stroma were not correlated to survival. 

In accordance with the well known role of stage as a prognostic 
factor, survival was significantly decreased in patients in stage III 
(n = 23) compared to those in stage I (n = 13) after 15 months 
(t, < 0.005). 

For PDGF, no difference in survival was found between the group 
with no detectable ligand (n = 12) and the group containing PDGF 
(n = 33). 

DISCUSSION 

Our results indicate a relationship between ovarian malignancy and 
P'DGF and its a-receptor. Immunohistochemistry with specific anti- 
bodies revealed the expression of PDGF and PDGFRa in malignant 
tumor cells but not in benign counterparts. This difference was highly 
significant and qualitative. Thus, the epithelium showed no staining 
for PDGF or its receptors in any of the examined benign ovarian 
neoplasms or in normal ovaries (Table 2). In contrast, PDGF and 
PDGFRa were detected in tumor cells in 73 and 36% of the malignant 
tumor samples, respectively, which indicates that this growth factor 
system is activated during tumor development. This is further sup- 
ported by the observation that the epithelium in borderline tumors, 
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cells of the stroma necessary for tumor growth and invasion. PDGF 
was expressed in the stroma of all groups, which together with ex- 
pression of the receptors, suggests a physiological role at least in 
normal ovaries. However, the expression of both ligand and receptors 
was decreased in most tumor groups. Although autocrine and para- 
crine mechanisms are still possible, the reason for this change cannot 
be explained as long as the role of stroma in ovarian carcinogenesis 
has yet to be explored and the role of PDGF in vivo remains elusive. 
We found no correlation between stromal expression of either ligand 
or receptors and survival. 

Our results further demonstrate that expression of PDGFRot is 
prognostically significant. The group of patients expressing PDGFRo~ 
in tumor cells showed a significantly decreased survival after 14 
months compared to those who had negatively stained neoplasms 

Fig. I. Express ion  of P I )GF in lUnlt)r cells in a modcra lc l \  wcll-diffcrcnti~itcd ',~_'rous 
~.)x'ari:.tn Catcint)rtl;t. 

Fig. 2. Expression of l'l)(;I-Rce in l umor  cells in a ml~dcr'<ilcl; x~cl l-di f tcrcnl i~l lcd 
p~ipJllal-y ovar ian cltrcJnoll la. 

which arc potentially malignant neoplasms without detectable in\a- 
sion, also contains both PI)GF and PDGFRc~. ttowevcr, in about 
one-half of the malignant samples, where PDGF is found in tumor 
cells, ncithcr PDGFRct nor PDGFR/3 was found by immunohisto- 
chemistry, indicating that autocrinc stimulation is unlikel\ in those 
cases. In most of these samples, however, either one receptor or both 
receptors are found in the stroma, suggesting ihc possibility of para- 
crine stimulation. PDGF is known Io possess polcnt milogcnic and 
chcmoattractive propertics for fibroblasts (21-23) and cndothelial and 
smooth muscle culls of vessels (7, 24, 25), which constitute m a j o r  
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Table 3 Expression of PDGFRc~ in tumor cells in malignant ovarian neoplasms with 
respect to type, differentiation, and FIGO stage 

In the group of serous tumors, expression was observed significantly more often than 
in the groups of mucinous (P = 0.03) and endometrioid (P = 0.046) neoplasms. 

+PDGFRa -PDGFRa Total 

Type 
Serous ll ''b 6 17 
Mucinous 1" 7 8 
Endometrioid 2 b 8 10 
Clear cell 1 3 4 
Mixed 1 1 2 

Differentiation 
Well-differentiated 1 10 11 
Moderately well-differentiated 7 8 15 
Poorly differentiated 6 8 14 
Undifferentiated 0 4 4 

Stage 
I 4 9 13 
II 1 5 6 
III 9 14 23 
IV 2 1 3 

a p = 0.03. 
b p = 0.046. 

1,o / I  
- . I .!  I L J I I I I I  I II III Stage I ( n = 1 3 )  

0,8 ~ . . . . .  ~ D - - - J - L - - I I I I I ~  111 J'---IULlUJ'-PDGFR-~. (n=29) I L : ,  I 
-- ~__1 I T Stage II ( n = 6 ) /  

l 
i ~ P < 0.005 

0 4 ,  t~'-,i~- ~ J 

[~ , |  I I, I , Stage III (n=23) 
I:~ . . . . . .  JL _~J +PDGFR-ct (n=l 6) 

0,2 

0,0 i ,' , , -- 
0 8 16 24 32 40 48 $6 

Months of survival 

Fig. 4. Survival in 45 patients with ovarian cancer, according to stage or to expression 
of PDGFRa in tumor cells. The P values were determined with the log-rank test. Tick 
marks, censored values. 

(Fig. 4). This difference persisted in patients with ovarian neoplasms 
having progressed to stage III. Those patients could be divided into 
two subgroups with significantly different clinical courses as shown in 
Fig. 5. Patients whose tumor cells expressed receptor progressed 
deleteriously, while the group lacking the receptor had a survival not 1,o 
different from the patients with stage II disease or from all patients 
whose tumor cells lacked PDGFRa. Thus, PDGFRa expressed in 
tumor cells seems to be an independent risk factor in ovarian cancer, o,a 

The FIGO stage is a well known prognostic factor in ovarian -~ 
cancer. In our material, too, advanced disease was related to decreased ">-" 0,6 
survival. A significant difference between stage I and stage III was 
obtained after 15 months. While metastasis is probably induced by a 
number of genes, it is remarkable to observe that PDGFRa as a sole ~ 0,4 
factor resulted in a significantly decreased survival already after 14 
months (Fig. 4). " 

Expression of PDGF in tumor cells did not correlate to survival. 0,2 
This is surprising in view of the significance of the expression of 
PDGFRa, which demands the presence of a ligand in order to be 
functionally operational. However, the PGF007 antibody reacts pri- o,0 
marily with the B-chain, and a small amount of A-chain cannot be 
detected. Since the PDGF A-chain binds only to the PDGFRa, the 
presence of A-chain might be more strongly related to the expression 
of this receptor. 

Thus, based on in si tu observations in ovarian tumors, we have 
shown that expression of the PDGF system is related to tumor devel- 
opment. Concomitant expression of PDGF and its receptors may 
involve autocrine and paracrine mechanisms. In other tumors, such as 
malignant glioma, association of PDGFRa and degree of malignancy 
has been demonstrated (10). In fibroblast-derived tumors, PDGFRot 
together with A-chain was found to be expressed in a highly malignant 
tumor (a malignant histiocytoma) but not in benign tumors (26). In 
malignant glioma a few cases with amplification and/or partial dele- 
tion of the PDGFR-c~ gene have been reported (27). Recent in vi tro 

studies using lung carcinoma cell lines demonstrated functionally 
active PDGFRa in a highly metastatic clone of the 3LL Lewis lung 
carcinoma, while the receptor could not be detected in a weakly 
metastatic clone of the same tumor (28). These findings support the 
idea that a high level of PDGFRa expression is related to tumor 
progression. Thus, PDGFRa, being activated by both A- and B- 
chains, seems to operate in several types of neoplasms, and also, as 
shown here, in epithelial ovarian tumors. Whether the ovarian tumor 
cells contain perturbed PDGFRot genes is a subject that deserves 
further studies. 

For ovarian cancer, epidemiological data have revealed that a large 
number of ovulatory cycles is a risk factor. Support for that theory is 
the recent in vitro demonstration of spontaneous transformation of rat 
ovarian surface epithelial cells during repeated subculturing (29). The 
ovulatory cycle is a complex process regulated by peptide hormones, 
steroids, growth factors, ~.nd other undefined factors. This monthly 
repetitive process involving stimulation, ovulation, and regenerative 
procedures might confer a risk for malignant transformation. Whether 
induction of PDGF might already occur in these physiological events 
or whether it might be coupled to the change from benign to malignant 
tumor cells is unknown. How and when the transformation occurs and 
whether constitutive PDGFRa expression is related to this event are 
the subjects of further investigation. 

One biological consequence of PDGF stimulation may be increased 
mitogenesis, which may increase the risk of genetic changes or may 
stimulate cells that are already genetically damaged. Another possi- 
bility is interaction with other growth factors (30) or induction of 
genes coding for proteins that act as transcription factors. In fact, 
several growth response genes induced by PDGF have been identified 
(31). PDGF has also been demonstrated to stimulate collagenase ex- 
pression in a dose-dependent way in an in vitro model using skin 
fibroblasts (32). If this occurs in ovarian cancer this process could 
contribute to the breakdown of surrounding tissue and thus to one of 

I 

1 I . . . .  I .  

II I I I 
Stage III -PDGFR-a (n=l 4) 

p < 0.01 

t Stage III +PDGFR-er (n=9) 
�9 i i i 

Months of survival 
Fig. 5. Survival in 23 patients with ovarian cancer in stage III, according to expression 

of PDGFRot in tumor cells. The P was determined with the log-rank test. Tick marks, 
censored values. 
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the ma in  character is t ics  o f  invas ive  ma l ignan t  neoplasms .  Thus ,  sev- 

eral e f fec tor  m e c h a n i s m s  for  the nonphys io log i ca l  express ion  o f  

P D G F  in t umor  cells  are conce ivab le .  

In conc lus ion ,  w e  have  presen ted  ev idence  that  PDGFRc~ expres-  

s ion in t umor  cells  relates  to poor  p rognos i s  o f  ovar ian  cancer,  sug-  

ges t ing  a role o f  P D G F  s t imula t ion  via  PDGFRot  in tumor  progres-  

sion. The  c o n c o m i t a n t  s t romal  express ion  o f  PDGFRI3  migh t  suppor t  

the impor tance  o f  PDGFR/3  in ang iogenes i s  and  in the s t romal  reac- 

t ion w h i c h  is necessa ry  for t umor  g rowth  and  invasion.  
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