
Abstract. Background: We aimed to validate PDGF-BB
protein expression by RNAscope, a sensitive method for
PDGF-BB mRNA evaluation on paraffin embedded (FFPE)
specimens of ovarian tumors. Materials and Methods:
Seventy-five FFPE ovarian cancer biopsies were assessed by
immunohistochemistry followed by PDGF-BB mRNA
RNAscope validation. Results and Conclusion: Dual PDGF-
BB expression in tumor and stromal cells have been
observed, being highly suggestive for PDGF-BB mediated
stromal-tumor cells reciprocal interaction in ovarian cancer
(p=0.008). It seems that the nuclear expression of the
PDGF-BB represents a negative prognostic factor in ovarian
tumors. Being a controversial issue in the literature, PDGF-
BB nuclear expression detected by immunohistochemistry
was validated by RNAscope in situ hybridization. More than
65% of cases had PDGF-BB mRNA amplification,
confirming immunohistochemical results. We herein
validated PDGF-BB as a potential therapeutic and
prognostic tool of ovarian cancer aggressiveness.

Platelet derived growth factors (PDGFs) family includes
several members involved in cell growth and proliferation
control. They are also known to be responsible for certain steps
of new blood vessel development (angiogenesis), mainly in
vessel growth and maturation by recruiting perivascular cells.
Excessive angiogenesis is mainly a feature of malignant

development, but also represents an important component for
other pathologic conditions, such as diabetes or arthritis.
PDGFs family members are presented as dimeric glycoproteins
with three isoforms AA, BB, AB. They also represent a strong
mitogen for cells with mesenchymal origin, such as fibroblasts,
smooth muscle cells or glial cells (1, 2). PDGF-BB isoform is
secreted by both tumor and endothelial cells (3). Based on the
observation that PDGF-BB is expressed in several and various
tumor cells and neovessels, many authors studied it as a
potential therapeutic target with a dual role regarding
concomitant inhibition of tumor growth and vessels
development. Several anti-PDGFs therapies are currently being
tested with a large applicability, especially in ophthalmology.
As such an example, a PDGF-BB inhibitor called Fovista®
(Ophthotech, New York, NY, USA) may improve bevacizumab
effects and it is used on a large scale as inhibitor of the
angiogenesis developed during macular degeneration (4). 

The interrelation and mutual influence between PDGF-BB
and VEGF was observed for ovarian tumors too and was
recently reported by Matei and coworkers (5). The authors
observed that PDGF-BB induced VEGF synthesis in ovarian
carcinomas and PDGF receptor-beta (PDGFRβ) inhibition
by imatinib produced a dramatic decrease of serum VEGF in
ovarian carcinomas. Lu and his team underlined the
increased efficiency of the anti-PDGFB therapy on an
experimental model of ovarian carcinomas developed from
human tumor cells through dual, concomitant target of the
endothelial and perivascular cells by a combination of
bevacizumab and an anti-PDGF aptamer (6).

Recent data strongly sustain a combined anti-VEGF−anti-
PDGF therapy in ovarian cancer (7). Despite of preliminary
results of the experimental in vitro and in vivo studies that
sustain such combination, data on PDGF-BB expression of
human ovarian cancer specimens are extremely rare, being
reported in no more than fifteen articles in PubMed.  
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Immunohistochemistry represents the first routine method
assessed to certify the presence of growth factors secreted by
tumor cells at the protein level only. Sometimes, false-
positive results may be obtained due to cross-reaction with
any protein from the tissue. Thus, an accurate assessment of
any marker must be completed with growth factors gene
amplification by using different methods. RNAscope is an in
situ hybridization method which identifies mRNA gene
amplification of any marker previously characterized by
immunohistochemistry on formalin-fixed paraffin-embedded
specimens (FFPE). It allows the detection of single RNA
molecules in single cells. It has the advantage to be
performed on FFPE sections and it allows correlations
between PDGF-BB mRNA amplification and
histopathological features of ovarian tumors and, moreover
to quantify heterogeneity of PDGF-BB distribution inside
ovarian cancer. Assessment of presence and heterogeneity of
PDGF-BB mRNA in ovarian cancer may be mandatory in
the future for an accurate quantification of the expression
followed by a personalized targeted therapy against PDGF-
BB. RNAscope technology is already used in clinical
practice for other cancer types but not yet for ovarian cancer.

Based on the facts described above, we aimed to evaluate
ovarian cancer PDGF-BB expression by immunohisto-
chemistry followed by its validation using RNA scope, a
sensitive and reliable method that gives us the opportunity
to assess PDGF-BB mRNA on formalin-fixed, paraffin
embedded (FFPE) human specimens. This multimodal
approach may be useful as an additional tool for a more
accurate evaluation of ovarian cancer with a direct impact on
PDGF-BB validation as a therapeutic target for specific
therapies, already approved in other cancer types. 

Materials and Methods
Our study included seventy-five archival paraffin-embedded specimens
of ovarian cancer that were selected by two experienced pathologists. 

Specimen re-evaluation and selection. Both pathologists reviewed
histopathological diagnosis and selected cases suitable for
immunohistochemistry and RNAscope methods. They excluded 8
cases from those initially selected, based on an improper fixation
(negative immunohistochemical reaction for vimentin, clone V9,
used as marker highlighting proper fixation). Three micrometers (for
immunohistochemistry) and five micrometers (for RNAscope in situ
hybridization) sections were performed from each remained 67
FFPE specimens. 

Immunohistochemistry. Immunohistochemistry was performed in a fully
automated manner by using BOND MAX Autostainer (Leica
Microsystems, Newcastle, UK) and a compatible standardized kit Bond
Polymer Refine Detection System Brown followed the incubation with
PDGF-BB primary antibody (rabbit, polyclonal, dilution 1:200, Thermo
Fisher Scientific Anatomic Pathology, LabVision, Cheshire, UK).
Nuclear and cytoplasmic expression was considered proper for
interpretation regarding positive cell density and intensity. 

RNAscope in situ hybridisation method. By this technique, celular
RNA content was assessed as a single-molecule visualisation in
individual cells on FFPE specimens through use of a novel probe
design strategy and a hybridization-based signal amplification
system to simultaneously amplify signals and suppress background.
HRP-conjugated double Z probes for PDGF-BB, complementary for
the target RNA were designed by Advanced Cell Diagnostics
(Hayward, CA, USA). We used RNAscope 2.0 High Definition Kit
(Advanced Cell Diagnostics, Hayward, CA, USA) for signal
amplification followed by visualisation of amplified signals with
diaminobenzidine as chromogen. 

Briefly, to prepare FFPE specimens for RNAscope procedure, the
tissues were fixed and permeabilized to allow for target probe access.
Two-hours hybridisation step performed at 40˚C was followed by
multistep signal amplification done by applying reagents followed by
RNA visualisation as brown dotted spots with diaminobenzidine. The
detection sensitivity of the RNAscope method was proven by using
positive (POLR2A) and negative (probes against the bacterial gene
dapB) controls assessed by using the same protocol as for pterygium
specimens. Interpretation of PDGF-BB mRNA amplification was
manually performed in a semi-quantitative manner following scoring
guidelines provided by the manufacturer. The presence of PDGF-BB
mRNA amplification was scored into five grades as 0 (no staining or
less than 1 dot to every 10 cells, 40× magnification), 1 (1-3 dots/cell
visible at 20-40X magnification), 2 (4-10 dots/cell, very few dot
clusters visible at 20-40× magnification), 3 (>10 dots/cell, less than
10% positive cells have dot clusters visible at 20× magnification) and
4 (>10 dots/cell, more than 10% positive cells have dot clusters
visible at 20× magnification). 

Image aquisition and statistical analysis. Microscopic evaluation
was performed by using AxioCam 506 Color Research Microscope
(Zeiss, Jena, Germany) equipped with a software specific for
automated transfer of the images from the camera to the computer.
SPSS software version 19 was used to perform statistical analysis
of data derived from histopathological, immunohistochemical and
molecular assessement of PDGF-BB in ovarian cancer specimens.
Statistical correlations were considered significant if their value
were less than 0.05 (p≤0.05).

Results
Normal ovary adjacent to tumor tissue expressed PDGF-BB
in stromal cells of ovarian cortex and medulla (more intense
in those from cortex compared with stromal cells from the
medulla). Capillaries inside cortical stroma were highly
positive for PDGF-BB (expressed by endothelial cells).
Intensity of immunohistochemical reaction for PDGF-BB
constantly decreased from albuginea to the deeper part of the
cortex, being weak or absent inside and around albicans
bodies (Figure 1a and b). 

From the total number of cases, 22.4% were benign
tumors (dermoid cysts, thecomas, cystadenomas) while the
rest of 79.6% of cases were serous cystadenocarcinomas
(65.7%) and endometrioid carcinomas (11.9%). 

A percent of 62.5% out of total number of benign tumors
did not express PDGF-BB, nor in stroma neither in tumor
areas. Compared to benign lesions, the malignant ones
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presented an intense PDGF-BB expression with a
heterogeneous pattern found both in tumor and stromal cells.
The most common pattern was a combination between
nuclear and cytoplasmic expression. 

About 88% out of total number of ovarian cancers were
PDGF-BB-positive by immunohistochemistry. PDGF-BB was
observed both in tumor and stromal cells with a combined
nuclear and cytoplasmic expression dependent by tumor type.
For serous cystadenocarcinoma, papillary type, PDGF-BB
expression combined both nuclear and cytoplasmic localization
(Figure 1c) stromal expression being still present (Figure 1d).
Small blood vessels of tumor stroma had a constant PDGF-BB
expression at the endothelial level (Figure 1f). Compact serous
adenocarcinomas tumor cells had weak cytoplasmic and
intense nuclear PDGF-BB expression (Figure 1e), while
endometrioid type was characterized by cytoplasmic restricted
PDGF- BB expression (Figure 1g and h). 

For what PDGF-BB expression is concerned in tumor
cells, the majority of cases presented intense and moderate
expression, and only in approximately 7.5% of the cases we
met a reduced expression noted +1 or being negative. For the
tumor stroma prevailed the weak and moderate expression,
tumor-stroma border being characterized by a high amount
of PDGF-BB-positive cells with fibroblast- or myofibroblast-
like morphology grouped around the tumor tissue. Data
regarding expression intensity in tumor cells and evidences
of expression patterns (nuclear and/or cytoplasmic) are
summarized in Tables I and II. 

Moreover, we observed the PDGF-BB to the stromal level,
this being noted from 0 to +3. We found that 38.8% of cases
presented a strong expression of the stromal PDGF-BB noted
as +3, 14.9% had a moderate stromal PDGF-BB expression
noted +2, and a similar percentage of 14.9% stromal PDGF-
BB expression was noted as +1. Thirty one percent of cases
do not express PDGF-BB stromal (Table III).

A strong significant correlation was obtained between
serous cystadenocarcinoma type and combined, nuclear and
cytoplasmic pattern of PDGF-BB immunohistochemical
expression (p<0.001). 

On the other hand, we followed the intensity of the
PDGF-BB expression in tumor cells compared to the
intensity of stromal PDGF-BB expression in ovarian tumors
included in the study. We observed a correlation between the
PDGF-BB expression in tumor and stromal cells and this
correlation was proved to be statistically significant
(p=0.008) as shown in Table IV. 

Our immunohistochemical results required validation by
more sensitive methods and thus, RNAscope in situ
hybridisation was chosen. 

RNAscope method revealed PDGF-BB mRNA genomic
amplification in 63.7% of the cases. About 28.5% had
PDGF-BB mRNA amplification restricted to stromal cells,
while, the rest of the cases showed this amplification in both
tumor and stromal components. PDGF-BB-negative cases by
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Table I. The procentual expression of the PDGF-BB pozitive cases,
dependent by intensity of immunohistochemical expression in tumor
cells.

PDGF-BB score in tumor cells                   Nr. of cases                 %

0                                                                               8                      11.9
1                                                                               5                       7.5
2                                                                             10                     14.9
3                                                                             44                     65.7
Total                                                                       67                   100.0

Table II. Distribution of PDGF-BB expression patterns in ovarian
tumors inlcuded in the study.

PDGF-BB stromal                                        Nr. of cases                 %

0                                                                             21                     31.3
1                                                                             10                     14.9
2                                                                             10                     14.9
3                                                                             26                     38.8
Total                                                                       67                   100.0

Table III. Case distribution according with immunohistochemical score
given for stromal compartment for PDGF-BB expression in ovarian
tumors. 

PDGF-BB immunohistochemical pattern   Nr. of cases                 %

0                                                                               7                     10.4
Cytoplasmic                                                          11                     16.4
Nuclear                                                                  24                     35.8
Combined                                                              25                     37.3
Total                                                                       67                   100.0

Table IV. Interrelation between tumor stromal PDGF-BB expression.

PDGF-BB in                     PDGFB stromal cells                        Total
tumor cells
                              0                 1                2                3                    

0                             7                 0                0                1                  8
                            87.5%           0%             0%          12.5%        100.0%
1                             3                 1                1                0                  5
                            60.0%         20.0%        20.0%         0%           100.0%
2                             4                 2                2                2                10
                            40.0%         20.0%        20.0%       20.0%        100.0%
3                             7                 7                7              23                44
                            15.9%         15.9%        15.9%       52.3%        100.0%
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Figure 1. Immunohistochemical PDGF-BB expression in ovarian cancer. Normal ovarian tissue adjacent to tumor tissue expressed PDGF-BB in
stromal cells with a higher intensity and cell density in the ovarian cortex (a) compared to medulla (b). In tumor tissue, three expression patterns
were identified : nuclear (c), cytoplasmic (d) and combined (e). Tumor stroma fibroblasts and stromal small blood vessels were also positive for
PDGF-BB, as assessed by immunohistochemistry (f). Endometrioid-type adenocarcinoma was characterized by immunohistochemical expression of
PDGF-BB restricted to the cytoplasm of tumor cells (g, h).



immunohistochemistry were also confirmed as being
negative by in situ hybridization. The RNAscope score noted
as 4 (clusters and dotted signals) characterized cases with
combined nuclear and cytoplasmic immunohistochemical
expression with predominant dots distribution and
predominantly at the nuclear level. This aspect was observed
in the papillary-type tumors (Figure 2). A high PDGF-BB
mRNA distribution heterogeneity was proven by RNAscope,
areas of PDGF-BB tumor expressing cells being mixed with
tumor cells areas lacking PDGF-BB mRNA amplification.
Also, a higher PDGF-BB mRNA amplification was counted
in stromal areas rich in miofibroblasts compared with tumor
stroma where miofibrobalsts are poorly represented.

Discussion

Ovarian cancer remains a major problem in women’s health,
because of its aggressiveness and lack of therapeutic
efficiency leading to poor prognosis and short survival.
Multimodal therapeutic approaches represent the current
option but there still remains a great challenge in ovarian
cancer treatment. Thus, new drug validation for ovarian cancer

with a double action on both malignant cells and newly-
formed tumor blood vessels may be a promising alternative to
current, low-efficiency therapies (8, 9). Growth factor
inhibitors are, currently, under continuous improvement and
thus, nowadays the only FDA approved therapy for ovarian
cancer is that with bevacizumab (10, 11). But the partial
response of ovarian carcinomas to bevacizumab associated to
conventional therapy impose the re-classification of the
ovarian cancer through defining some new molecular classes
with a strong prognostic and therapeutic impact (12). Recently,
Olaparib-associated therapy has been reported to increase
long-term survival and improve prognosis, especially for
patients which BRCA mutations (13). 

Other targeted therapies such as pazopanib, cedirinib,
nitedanib, sunitinib, sorafenib or imatinib (14-18) were tested
in ovarian cancer, but until now they have not received FDA
approval for use in current medical practice. PDGF-
BB/PDGFRβ axis is less studied in ovarian cancer, with only
14 studies being published on PubMed. Most of them used
the plasmatic levels of PDGF-BB for the ovarian cancer
patient stratification. Our study pointed-out PDGF-BB
expression in tumor and tumor stroma cells, also. 
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Figure 2. RNAscope in situ hybridization revealed PDGF-BB mRNA amplification with different intensities depending on tumor type. High
heterogeneity of PDGF-BB mRNA amplification was recorded inside the same tumor, amplification intensity with score 4 charactrized by clusters
of amplification being predominant (a, c). A lower score characterized by single dots dispersed at nuclear and/or cytoplasmic levels confirmed dual
immunohistochemical expression previously found (b). Low PDGF-BB mRNA amplification was also present in tumor stroma fibroblasts and
endothelial cells from tumor blood vessels (d).



The percent of ovarian cancer PDGF-BB-positive cases
reported by us is similar to those reported in the literature
till now (19). The PDGF-BB overexpression in ovarian
tumors was reported for the first time by Kacinski and colab.
in 1989 (20) and then, several studies (most of them, in vitro
studies) were developed (21) but the clinical use of the anti-
PDGF therapies did not developed significantly.  

Our study points-out the importance of in situ hybridization
RNAscope method for an accurate PDGF-BB assessment on
ovarian cancer specimens. Combining immunohistochemistry
and mRNA detection on FFPE we are able to characterize not
only PDGF-BB expression but also, we can stratify ovarian
cancer patients regarding their response to anti PDGF-BB
therapeutic agents. Herein we attempted a complete approach
of PDGF-BB evaluation in ovarian cancer. Our data on the
identification of PDGF-BB mRNA amplification in more than
60% of cases are overlapped on similar data found in the
literature earlier (22). Previous studies presented images
providing us data about PDGF-BB expression pattern as being
predominantly cytoplasmic. We herein described three patterns
of PDGF-BB expression (nuclear, cytoplasmic or combined)
in ovarian cancer. 

The nuclear PDGF-BB expression is rarely reported in the
literature and it seems to be regulated through the c-sis
system, as it has been intensely discussed in metastatic and
non-metastatic renal carcinomas (23, 24). The c-sis/PDGF
axis has been reported to be responsible for the PDGF
autocrine effect on tumor cells as it is presented in the
literature through several in vitro and in vivo studies (25).
This interrelation is hormone dependent and this aspect was
not studied in the ovarian tumors, yet (26). 

PDGF-BB expression in ovarian tumor stroma is
completely neglected. Tumor stromal fibroblasts and
myofibroblasts produce PDGF-BB (27). The tumor stroma
is considered to be a “malignant” milieu and it controls
tumor cells behaviour, just like it is already certified in breast
cancer (28). In 2006, Lederle and coworkers proved that
PDGF-BB is intensely expressed in tumor fibroblasts and its
overexpression stimulate tumor cells proliferation, initially
through a transitory growth of VEGFA which act in a
paracrine manner and favour tumor progression (29). 

Our findings regarding a simultaneously expression of
PDGF-BB in tumor and stromal cells from ovarian cancer
are in concordance with data presented above. One important
issue that might be extensively studied in the future remains
PDGF-BB nuclear expression (confirmed by in situ
hybridization in our study). This may be responsible for the
high aggressiveness and rapid progression, a well-known and
hard-to-manage aspect in ovarian cancer. A peculiarity of the
present study may consist by the observation of PDGF-BB
nuclear expression in the fibroblasts cells of tumor stroma,
suggesting the mutual interrelation between them and thus
their use as target for anti PDGF therapies. Targeting both

stromal and tumor cells represents the gold standard for
future oncologic therapeutic options. 

Conclusion

PDGF-BB is expressed not only in tumor cells but also in
stromal cells from the tumor stroma of ovarian carcinomas.
The expression overlapping in stroma and tumor cells sustain
the influence of the stroma over the epithelial cell proliferation
in ovarian tumors. Nuclear expression of PDGF-BB may be a
negative prognostic factor in ovarian tumors, but this aspect
needs further validation. PDGF-BB imunohistochemsitry
requires at least one method of molecular validation, at least
an in situ hybridization confirmation. Our results sustain the
use of anti-PDGF-BB therapy as associated targeted therapy
to conventional chemotherapy.
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