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ABSTRACT: In human malignant mesothelioma cell lines an elevation of the expression of the genes
for the PDGF A-chain, PDGF B-chain, and PDGF B-receptor was found compared to normal mesothelial
cells. As ovarian epithelial tumors originate from the ovarian surface epithelium, which is of mesothelial
origin, we investigated PDGF chain and PDGF receptor mRNA expression in six human ovarian cell lines
of epithelial origin and a granulosa tumor cell line. All six investigated ovarian epithelial tumor cell lines
expressed the PDGF A- and B-chain genes, while the granulosa tumor cell line expressed the PDGF A-chain
gene only. Expression of PDGF receptors was not found in the epithelial or granulosa tumor cell lines.
Cytogenetic and molecular biological studies did not provide evidence for rearrangement or genomic am-
plification of the PDGF B-chain. Expression of PDGF was also demonstrated in ovarian tumors in vivo.
Frozen sections of six serous ovarian carcinomas stained positive with an antibody against PDGF and
negative with antibodies against the PDGF o- and B-receptors. These results suggest that PDGF expression

might be a useful marker for ovarian carcinomas.

INTRODUCTION

In Western countries, cancer of the ovary is the fourth lead-
ing cause for cancer mortality in women. The number of
deaths caused by ovarian cancer has surpassed the number
caused by uterine cancer [1]. Ovarian cancers are a heteroge-
neous group of malignancies both with respect to histology
and biological behavior. The common ‘epithelial’ tumors ac-
count for about two-thirds of all ovarian tumors and their
malignant forms account for over 85% of all malignant ovar-
ian tumors [2). Histologically, ovarian epithelial tumors can
be divided into serous, mucinous, endometrioid, clear-cell,
and Brenner types. Apart from clinical staging and histo-
logical classification of ovarian tumors, the prognostic im-
portance of histological grading has been demonstrated [3].
The so-called common epithelial tumors of the ovary origi-
nate from the surface epithelium, in the past erroneously
called ‘germinal epithelium’. Actually this epithelium is of
mesothelial origin and constitutes the embryonal coelomic
epithelium from which the Mullerian duct is derived {4, 5].
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Characterization of ovarian surface epithelial cells in vitro
revealed a great resemblance to cultured normal mesothelial
cells. Both cell types grow invitro in pavement monolayers,
have microvilli, and are keratin positive [6]. Most ovarian
surface epithelial cells exhibited 17 p-hydroxysteroid dehy-
drogenase activity, which was absent in cultured mesothelial
cells. In vivo ovarian surface epithelial cells can be consid-
ered a specialized mesothelium that has the same proper-
ties as mesothelial cells but has a cyclic secretory and trans-
port function as well [7]. The similarity in embryologic and
histologic features of epithelial ovarian carcinomas with me-
sotheliomas has led to the proposition that all epithelial ovar-
ian tumors are mesotheliomas [2].

In vitro normal and malignant human mesothelial cells
have a remarkable pattern of PDGF chain and receptor ex-
pression. Cultured normal mesothelial cells were found to
express PDGF A-chain mRNA and no PDGF B-chain mRNA.
Human malignant mesothelial cells or mesothelioma cells
were found to have an elevated PDGF A- and B-chain expres-
sion in vitro [8, 9]. Furthermore, the malignant mesotheli-
oma cell lines were found to express the PDGF B-receptor
while no PDGF ¢-receptors were detectable by Northern blot
analysis [10]. These results are suggestive for autocrine stim-
ulation of growth in cultured normal mescthelial cells (PDGF-
AA via the a-receptor) and in malignant mesothelioma cell
lines (PDGF-BB acting via the B-receptor).

As gvarian epithelial tumors are of mesothelial origin, we
investigated the expression of PDGF chains and receptors in
human ovarian epithelial tumor cell lines. The observed pat-
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tern was compared with normal and malignant mesothelial
cells and an ovarian tumor cell line derived from a granulosa
cell tumor, which is of ovarian stromal origin. Furthermore,
the expression of PDGF and its receptors was also studied
in frozen tissue sections of human ovarian tumors.

MATERIALS AND METHODS

Cell Lines, Growth Conditions, and Cytogenetics

Six human ovarian carcinoma cell lines of epithelial origin
were used: COV413B, COV362 4, COV504, COV446B, COV644,
and COV318 [11]. COV434 is derived from a granulosa cell
tumor [11]. The isolation and growth conditions of these cell
lines was described recently [11]. In Table 1 the origin of the
tumor cell lines is listed. The malignant mesothelioma cell
lines and normal mesothelial cell cultures were isolated and
cultured as described [12]. Cytogenetic analysis was per-
formed as described [9].

Southern and Northern Blot Analysis

DNA isolation and Southern blot analysis were performed
as described earlier [9]. RNA isolation and Northern blot anal-
ysis were performed as described [9]. The PDGF A-chain
probe was a 1.3-kb EcoRI fragment and the PDGF B-chain
probe was a 1.7-kb BamHI c-sis fragment [13, 14]. The PDGF
a-receptor probe was a 1.5-kb EcoRI fragment [15] and the
PDGF B-receptor probe was a 1-kb PstI fragment [16]; both
probes correspond to extracellular parts of the receptors. The
GAPDH probe was a 0.7-kb EcoRI-Pst] fragment [17]. The filters
were washed at 42°C to 0.3 x SSC and exposed to Fuji-RX
film.

Immunochistochemistry

Frozen sections (5 pm) of tumor tissue of six ovarian carci-
noma patients were fixed for 10 seconds in acetone at room
temperature (RT) and stained by an indirect immunoperoxi-
dase technique. Sections were pretreated for 15 minutes in
PBS with 0.05% (v/v) Tween-20 (PBT) [18] and subsequently
incubated with the primary antibody for 1 hour at RT. After
rinsing with PBT the sections were incubated for 1 hour at
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RT with the conjugate solution containing 10% (v/v) pooled
human serum. After rinsing, the enzyme activity was visual-
ized by incubation with diaminobenzidine (Sigma Chemi-
cal Co., St. Louis, MO) (1 mg/ml PBS supplemented with
20 ul 1% (v/v) H,0,) at RT for 3 minutes. After dehydration
the sections were embedded in Depex (B.D.H. Laboratory
supplies, Poole, UK.) and coverslipped. Nuclear counter-
staining with hematoxylin was performed.

Antibodies

PDGF expression was detected using the mouse monoclo-
nal antibody PGF007 ([19], Mochida Pharmaceutical, Tokyo,
Japan). PDGF o and B-receptors were recognized using
mouse monoclonal antibodies against each type of receptor
(Genzyme, Cambridge, MA). The ovarian carcinoma marker
OV632 was kindly supplied by Dr. G. J. Fleuren [20]. As a
negative control anti-mouse, IgG1 antibody was used (Bec-
ton Dickinson, San Jose, CA). As a control marker CD68 was
used (Ki-M7, Behring, Marburg, Germany). A peroxidase-
conjugated goat-anti-mouse-Ig-antibody (Dako, Glostrup,
Denmark) was used as a second step.

RESULTS

Expression of mRNA for the PDGF Chains and PDGF
Receptors in Ovarian Tumor Cell Lines
Total RNA was isolated from seven human ovarian tumor cell
lines. The malignant mesothelioma cell line Mero-48b was
used as a positive control for PDGF A- and B-chain expres-
sion. Cultured normal mesothelial cells were used as a nega-
tive control for PDGF B-chain expression [9]). All seven ovar-
ian tumor cell lines showed expression of the 2.8-, 2.3-, and
1.9-kb PDGF A-chain specific transcripts (Fig. 1). COV413B
and COV362 4, two cell lines of epithelial origin, had a weak
PDGF A-chain expression, while the other investigated cell
lines clearly showed the same level of PDGF A-chain expres-
sion as normal and malignant mesothelial cell lines.
Rehybridization of the same filter with a PDGF B-chain
probe showed a variable expression of the 4.0-kb mRNA in

Table 1 Origin of the human ovarian tumor cell lines and summary of data on PDGF chain and receptor mRNA
expression and cytogenetics concerning chromosome 22 in these cell lines

PDGF

PDGF receptor

Histology of primary

Modal chromosome Normal Rearranged

Cell line tumor A-chain B-chain « B  number (range) chromosome 22 chromosome 22

COV413B Serous carcinoma + + - - 38 {36-42) 0 Marker

COV362.4 Endometrioid S S - - 69 (67-73) 2 0

COVs04 Serous carcinoma + + - - 64 (62-66) 2 0

COV446B Serous carcinoma + + o+ - - 49 (45-97)° 0 der(13)t(13;22)(p11;q11)
inv(13p +)x 2

COVe44 Mucinous carcinoma + + - - 58 (50-60) 3 0

COV318 Serous carcinoma + + 4+ - - 74 (68-77) 1 t(X;22)(p11;q11)x27?
der(12)t(12;22){p13;q11)

COVa34 Granulosa cell + - - - 47 (46-47) 1 22q +

Mesothelial + -

Mesothelioma + 4+ ++

9 20% of cells were tetraploid.
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Figure 1. Northern blot analysis of 25 pg total RNA from placenta (P), a normal mesothelial cell line (NM-1), a
malignant mesothelioma cell line (Mero-48b), six ovarian epithelial tumor cell lines, and a granulosa tumor cell line

(COV434). The filter was hybridized to 32P-labeled PDGF A-chain, PDGF B-chain, and GAPDH probe.

all the ovarian tumor cell lines of epithelial origin, whereas
the granulosa tumor cell line COV434 showed no detectable
PDGF B-chain transcripts (Fig. 1). The quality and amount
of RNA applied were controlled by rehybridization with a
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) probe.
In Table 1 the data of at least three separate experiments on
PDGF chain and receptor expression are summarized.

Rehybridization of the same filters with probes for the
PDGF o- and B-receptors revealed no specific transcripts for
the PDGF receptors in the seven investigated ovarian tumor
cell lines (data not shown). As described earlier, the normal
mesothelial cells expressed predominantly the PDGF o-re-
ceptor whereas the malignant mesothelioma cell line ex-
pressed only the PDGF B-receptor [10].

Cytogenetic Aberrations Concerning Chromosome 22
and Southern Blot Analysis of the PDGF B-chain
Gene in Ovarian Tumor Cell Lines

The PDGF B-chain gene has been mapped to chromosome
22q13.1. To investigate the mechanism of PDGF B-chain ex-
pression we studied the ovarian tumor cell lines for chro-
mosomal aberrations in chromosome 22 and DNA rearrange-
ments in the PDGF B-chain gene. All six ovarian tumor cell
lines from epithelial origin showed highly abnormal karyo-
types with modal chromosome numbers ranging from 36 to
97. Findings concerning ploidy and chromosoms 22 are given
in Table 1 [11]. No constant structural abnormalities of chro-
mosome 22 were observed. The number of copies of chro-
mosome 22 compared to other autosomes did not correlate

with the level of B-chain expression. Southern blot analysis
of the ovarian tumor cell lines digested with various restric-
tion enzymes revealed absence of DNA rearrangements in
the PDGF B-chain gene and no amplification or loss of the
PDGF B-chain gene (data not shown).

Expression of PDGF and Its Receptors in Ovarian
Tumor Tissue

To investigate the PDGF chain and receptor expression on
ovarian tumors in vivo, frozen tissue sections were stained.
As a positive control the ovarian carcinoma marker OV632
[20] was used. Al six ovarian tumors were positive for OV632.
Slides stained with the second-step antibody only or with
an irrelevant IgG1 antibody were negative. Using an antibody
recognizing PDGF (AA, AB, and BB) expression of PDGF
was detected in the tumor cells of all six investigated ovar-
ian tumors (Table 2). Slides incubated with the PDGF anti-
body pretreated with PDGF-AA or -BB protein were com-
pletely negative (data not shown). The PDGF staining pattern
of the tumor cells was characterized by a perinuclear stain-
ing (Fig. 2). As macrophages can also express PDGF, adja-
cent slides were also stained with the macrophage-specific
antibody, CD68. CD68 was only observed in stromal cells
while tumor cells were negative (data not shown). This ob-
servation indicates that the PDGF staining pattern was not
due to reactivity with macrophages. No staining of tumor
cells was observed with monocional antibodies recognizing
the PDGF « and B-receptors (Table 2). Occasionally, PDGF
o and B-receptor expression was detected in stromal cells.
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Table 2 Staining of frozen sections of ovarian tumors with antibodies

against PDGF and its receptors

PDGF receptor

Patient Diagnosis 0ve32 PDGF a B
184-1 Papillary serous cystadenocarcinoma + + -b -
184-2 Serous cyst adenocarcinoma +7 + -b
184-3 Papillary serous cystadenocarcinoma + + - -
184-4 Undifferentiated papillary + + -

adenocarcinoma
184-10 Papillary serous adenocarcinoma + + - -
E 154-11 Poorly differentiated papillary + + - -
serous cystadenocarcinoma
2 Heterogenous staining.
b positive staining was observed in the stroma.
+ positive staining; + weakly positive staining; - negative staining.
DISCUSSION

Earlier we described an elevated PDGF A- and B-chain ex-
pression in human malignant mesothelioma cell lines com-
pared to normal mesothelial cells [9]. Epithelial ovarian
tumors and malignant mesotheliomas are both considered
to be of mesothelial origin. Comparison of ovarian epithe-
lial tumor cell lines with malignant mesothelioma cell lines
revealed that both types of tumor cell lines expressed the
PDGF A- and B-chain genes. As primary ovarian surface ep-
ithelial cells cannot be cultured in adequate amounts we used
pleural mesothelial cells and compared these with epithe-
lial ovarian tumor cell lines. The epithelial ovarian tumor
cell lines showed an elevated but variable PDGF B-chain ex-
pression compared to normal mesothelial cells, where this
messenger was undetectable. Consistent with the data from
the Northern blot analysis, expression of PDGF (AA, AB, and
BB) was demonstrated in frozen sections of six serous ovar-
ian carcinomas.

The earlier observed PDGF chain and receptor expression
in malignant mesothelioma cell lines is suggestive of an au-
tocrine growth stimulation [9, 10]. A prerequisite for this stim-
ulation is expression of the appropriate receptor. However,
neither in the six epithelial ovarian tumor cell lines nor in
frozen sections of ovarian tumors could o- or B-receptors be
detected. These results indicate that the produced PDGF
could only have a paracrine function. As PDGF is a chemoat-
tractant and mitogen for endothelial cells and fibroblasts it
can stimulate the formation of a supporting connective tis-
sue stroma [21]. Recently it was demonstrated in an in vivo
model that PDGF produced by tumor cells that lack PDGF
receptors is a potent mediator of connective tissue stroma
formation [22].

In conclusion, we have demonstrated expression of the
PDGF A- and B-chain genes in six epithelial ovarian tumor
cell lines, while a granulosa tumor cell line was found to
express the PDGF A-chain gene only. Furthermore, PDGF

Figure 2. Immunoperaxidase staining of frozen sections of ovar-
ian carcinomas with monoclonal antibody PGF007 recognizing
PDGF. Most tumor cells display an intense perinuclear staining.
Papillary serous cystadenocarcinoma (patient 184-1) x 80 (a) and
a papillary serous adenocarcinoma (patient 184-10) showing a more
heterogeneous staining x 80 (b) and x 200 (c).



64

expression was demonstrated in frozen sections of six ovar-
ian tumors. Expression of the PDGF ¢- or B-receptors was
found in none of the investigated ovarian tumor cell lines
or ovarian tumors. This study indicates that further investi-
gation of PDGF expression in epithelial ovarian tumors might
be of interest for the differential diagnosis between invasive
and epithelial tumors, eliminating the group of borderline
tumors.
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Note added in proof: Recently Henriksen et al. (Cancer Res. 53,
4550-4554, 1993), demonstrated PDGF expression in 33 of 45 malig-
nant ovarian tumors. PDGFa receptor expression, using a different
antibody than in this study, was detected in 16 of 45 malignant tumors
and correlated with a shorter survival.
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