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PDGF-A, PDGF-Rf, TGFp3 and bone
morphogenic protein-4 in desmoplastic small
round cell tumors with EWS-WTT gene fusion
product and their role in stromal desmoplasia:
an immunohistochemical study
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Histologically, desmoplastic small round cell tumor is composed of the characteristic neoplastic small round
cells with divergent differentiation, and distinct desmoplastic stroma. Genetically, the tumor shows a
characteristic 11;22 translocation, involving the EWS gene on chromosome 22 and the WT7gene on
chromosome 11 to produce an EWS-WT1 fusion gene which generates a chimeric protein functioning as a
novel transcription factor that activates expression of target genes such as PDGF-A. Expression of PDGF-A, a
potent growth factor for fibroblasts, has been detected in desmoplastic small round cell tumors and has been
linked to the characteristic desmoplasia in these tumors. Bone morphogenic proteins, which are members of
the TGFp superfamily play a complex role in regulating cell growth and differentiation and bone formation but
have not been evaluated in desmoplastic small round cell tumors. In all, 24 desmoplastic small round cell
tumors with EWS-WTT1 fusion product confirmed by RT-PCR analysis were evaluated for expression of PDGF-A,
PDGF-Rp, TGF$3 and bone morphogenic protein-4 by standard immunohistochemical methods with antigen
retrieval on paraffin sections. Inmunoreactivity was evaluated semiquantitively. Tumor-associated desmopla-
sia was quantified using a three-tier scale on hematoxylin- and eosin-stained sections. Desmoplastic small
round cell tumors showed variable immunoreactivity with TGFg3 (21/24), BMP4 (14/21), PDGF-A (19/24) and
PDGF-Rp (16/22). Less frequently, the stromal cells showed reactivity with TGFf3, PDGF-R$ and PDGF-A.
Tumor-associated desmoplasia was prominent in eight, intermediate in seven and weak in nine cases. There
was no correlation between tumor-associated desmoplasia and the markers tested except PDGF-A. In contrast
to a previous study, our study showed that the level of PDGF-A expression inversely correlated with tumor-
associated desmoplasia. Other targets of the EWS-WTT transcription factor other than PDGF-A may be directly
responsible for the prominent tumor-associated desmoplasia seen in desmoplastic small round cell tumor.
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Desmoplastic small round cell tumor is a highly
aggressive tumor usually involving the abdominal
peritoneum of young males.’”® Histologically, it is
composed of neoplastic small round cells with
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divergent differentiation in a characteristic promi-
nent stromal proliferation called desmoplasia.”™
Genetically, the tumor shows a characteristic
t(11:22)(p13;q12) involving the EWS on chromo-
some 22 and the WT1 on chromosome 11, resulting
in an EWS-WT1 fusion gene.® The EWS-WT1
fusion gene generates a chimeric protein containing
the potential transactivation domain of the EWS
protein fused to zinc-finger DNA-binding domain of
the WT1 protein. The chimeric protein encoded by
the EWS-WT1 gene is postulated to lose the tumor



suppressor effect of WT1 and gain the transactiva-
tion activity because of the juxtaposed EWS domain,
and thereby function as a novel transcription factor
that activates expression of target genes normally
repressed by WT, such as platelet-derived growth
factor A (PDGF-A) and transforming growth factor-f
(TGF-p).>'* Alternatively, the fusion protein may
also ctivate target genes that are not regulated by
wild-type WT1 due to changes in the DNA binding
domain.” A previous in vitro study has shown that
PDGF-A was upregulated by EWS-WT1 in desmo-
plastic small round cell tumor specimens as well as
in an inducible cell line.® Expression of PDGF-A, a
potent mitogen and growth factor for fibroblasts, has
been speculated to play a role in the characteristic
tumor-associated desmoplasia in desmoplastic
small round cell tumor, the extent of which varies
from case to case.”® In addition, the EWS-WT1
chimeric protein has recently been shown to be a
potent transcriptional activator of expression of the
beta chain of the I1.-2/15 receptor in tumor cells and
expression of IL2 and IL-15 has been detected in the
desmoplastic stroma in desmoplastic small round
cell tumors."® The prominent stromal reaction might
also provide a paracrine signal to neoplastic cell
proliferation in these tumors."™

Bone morphogenic proteins (BMP) are members of
the TGF-p superfamily and have a complex role in
regulating cell growth and differentiation including
bone formation.'* Overexpression of BMP4 has been
found in patients with fibrodysplasia ossificans
progressiva and various bone and soft-tissue sarco-
mas.""® Little is known about the potential role of
BMP in neoplastic proliferation and stromal desmo-
plasia in desmoplastic small round cell tumor.

This study was performed to further evaluate the
role of PDGF-A and BMP4 in regulating the tumor-
associated desmoplasia in desmoplastic small round
cell tumors on routine surgical specimens by
evaluating the level of PDGF-A and BMP4 immu-
noreactivity in neoplastic cells in relation to the
amount of the desmosplasia associated with these
tumors.

Materials and methods

In all, 24 cases of DSRCT were included for the
study, eight from Children Hospital of Philadelphia,
three from Cleveland Clinic Foundation, five from
Hospital of the University of Pennsylvania and eight
from consultation file of one of the coauthors (FGB).
EWS-WT1 fusion product was previously identified
in all cases by RT-PCR using frozen tissue.'” Tissues
were fixed in 10% formalin for 12-24h and
embedded in paraffin for routine histologic evalua-
tion. Of the 24 cases, 20 were large specimens of en-
bloc excision of the tumor in which a representative
block containing large section of tumor tissue was
available for immunohistochemical staining. The
remaining four cases are excisional biopsy speci-
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mens. In addition to a representative section, multi-
ple sections of the same tumor were also available
for evaluation in 10 cases to assess heterogeneity in
the distribution of tumor-associated desmoplasia in
a given tumor. Sections, 4 ym thick, were pretreated
in a microwave oven (1100W) for 12min at 70%
power level in 1 x citrate buffer before incubation
with primary antibodies. Primary antibodies against
PDGF-A (pAb 1:200, Santa Cruz Biotechnology,
Santa Cruz, CA, USA), PDGF-Rf (Ab-4, clone
CM95, 1:50, Oncogene Research Products, Boston,
MA, USA), TGFf3 (pAb, 1:125, Santa Cruz Biotech-
nology, Santa Cruz, CA, USA), and BMP4 (mAb,
Genetics Institute, Boston, MA, USA) were incu-
bated in 4°C overnight. Streptavidin horseradish
peroxidase method was used on Biotek Techmate
1000 autostainer (Ventana Medical System, Tuscan,
AR, USA). Formalin-fixed, paraffin-embedded tis-
sue of dermatofibrosarcoma protuberans, bone mar-
row, salivary gland, fetal brain, and cartilage were
used as positive controls for PDGFA, PDGF-Rp,
TGFf3 and BMP4 accordingly.’®** A negative
control was performed on each case by replacing
the primary antibodies with mouse or rabbit serum.
Immunoreactivity was evaluated semiquantitatively
for the percentage of positive tumor cells and the
intensity of the immunoreactivity (0-3+) in the
neoplastic cells. A score of 0-300 was given based on
the product of the percentage of the positive tumor
cells and intensity of the immunoreactivity. Routine
histologic sections of all cases were reviewed for
semiquantitative assessment of tumor-associated

Table 1 Score of immunoreactivity and TASD

No TGFB3 PDGF-RB PDGF-A DMP4 TASD
1 0 0 0 140 3+
2 170 60 20 0 3+
3 90 0 0 15 3+
4 60 60 0 80 3+
5 150 50 20 270 3+
6 150 50 70 10 3+
7 100 90 5 180 3+
8 100 90 0 0 3+
9 180 70 40 ND 2+

10 90 50 30 0 2+

11 300 60 20 90 2+

12 60 20 80 30 2+

13 100 20 10 75 2+

14 80 20 20 80 2+

15 90 100 50 100 2+

16 60 90 70 80 1+

17 75 0 190 40 1+

18 200 35 300 150 1+

19 0 0 120 0 1+

20 200 100 100 0 1+

21 160 0 180 0 1+

22 50 ND 100 ND 1+

23 50 ND 110 ND 1+

24 0 0 0 0 1+

Total 21/24 16/22 19/24 14/21

ND: not done.
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Figure 1 Extent of the desmoplasia (A—C) and the corresponding PDGF-A immunoreactivity (a, b and c) in desmoplasia-poor, moderate
and rich desmoplastic small round cell tumors. (A) and (a) Strong PDGFA in a desmoplasia-poor tumor (case 18). (B) and (b) Focal PDGF-

A in a desmoplasia-moderate tumor (case 12). (C) and (c) lack of PDGF-A in a desmoplasia-rich tumor (case 3). (A—C) Hematoxylin and
eosin staining; (a, b and ¢) Immunoperoxidase staining).

desmoplasia using x 2.5 to x5 object lenses on  classified as desmoplasia-poor (1+, ratio <0.25),
LEICA DMLB microscope (Leica). Based on the ratio desmoplasia-moderate (2+, ratio >0.25-<1.0) or
of the amount of tumor-associated desmoplasia to = desmoplasia-rich (3+, ratio >1.0). Correlation
neoplastic cellular component, each case was  analysis of nonparametric data was performed using
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GraphPad Prism Version 3.0 (GraphPad Software,
Inc. San Diego, CA, USA).

Results

The majority of the tumors showed variable cyto-
plasmic immunoreactivity for TGFf3 (21/24), BMP4
(14/21), PDGF-A (19/24), and PDGF-Rf (16/22)
(Table 1). Of 22 cases, 14 coexpressed PDGF-A and
PDGF-Rp. TGFp3, PDGF-Rf and PDGF-A immunor-
eactivities were also seen less frequently in stromal
cells. Expression of these markers did not correlate
with each other. Tumor-associated desmoplasia was
rich (3 +) in eight, moderate (2 + ) in seven and poor
(1 +) in nine cases. The amount of tumor-associated
desmoplasia varied slightly in different areas on a
given section as well as different sections of a given
case on low magnification. However, given the
method used for the assessment, this mild hetero-
geneity did not have any impact on the overall score
of the tumor-associated desmoplasia even in cases in
which multiple sections of the tumor were re-
viewed. Of 17 tumors, 15 with low level of PDGF-
A immunoreactivity (score=0 or <100) were
desmoplasia-rich (3+) and desmoplasia-moderate
(24 ) cases (Figure 1). Four of the eight desmoplasia-
rich (3 +) cases were completely negative for PDGF-
A (score 0). In contrast, seven tumors with high level
of PDGF-A (score =or >100) were all desmoplasia-
poor cases (1+) (Figures 1 and 2). There was a
significant inverse correlation between the amount
of tumor-associated desmoplasia and the level of
PDGF-A expression (P=0.0004, Graph 1). However,
there was no significant correlation between desmo-
plasia and PDGF-A expression when comparison
was made between desmoplasia-rich (3+) and
desmoplasia-moderate (2 +) cases (P=0.108). There
was no significant correlation between the amount
of desmoplasia and the level of the immunoreactiv-
ity of the other markers tested (P>0.1). Results are
summarized in Table 1.

Discussion

Because of its role as a growth factor for fibroblasts,
the expression of PDGF-A induced by the EWS-WT1
chimeric protein has been speculated to induce the
formation of the desmoplastic stroma in desmoplas-
tic small round cell tumors.® Thus, high level of
PDGF-A expression would be expected in desmo-
plasia-rich desmoplastic small round cell tumors. In
this study, we evaluated immunoreactivity of PDGF-
A, PDGF-Rf, BMP4 and TGFf3 and correlated their
expression with the amount of tumor-associated
desmoplasia and found that only the level of PDGF-
A immunoreactivity was related to the extent of
desmoplasia in desmoplastic small round cell
tumors. However, in contrast to previous speculation,
our study showed that the level of PDGF-A immu-
noreactivity was apparently inversely correlated with
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Figure 2 Higher magnification of images (a) and (b) in Figure 1.

Correlation of Desmoplasia and
PDGF-A Expression

4 —
= Case(s)
3 dmw . p=0.0004
S
(7]
]
o
9]
£
(7]
]
o
1
0 100 200 300 400
Score of PDGF-A
Graph 1

desmoplasia in desmoplastic small round cell
tumors.” Desmoplasia-rich tumors tended to have
lower levels of PDGF-A, while desmoplasia-poor
tumors tended to have higher levels of PDGF-A, as
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determined by immunohistochemistry. This inverse
correlation between PDGF-A and tumor-associated
desmoplasia is poorly understood and merits further
investigation. It might also suggest that the effect of
PDGF-A on formation of desmoplasia in desmoplas-
tic small round cell tumors is complex and indirect.
Other targets of the EWS-WT1 transcription factor
other than PDGF-A may be directly responsible for
the prominent stromal desmoplasia seen in this
tumor.

Strong immunoreactivity of TGF-f1 and PDGF-Ru«
was previously reported in desmoplastic small
round cell tumors.?® Although we have also found
frequent TGFf3, PDGF-Rb and BMP4 immunoreac-
tivity in these tumors, expression of these proteins
did not quantitatively correlate with the amount of
tumor-associated desmoplasia and, therefore, is
unlikely to play a critical role in the formation of
desmoplasia in desmoplastic small round cell
tumors.

In summary, among the growth factors tested, only
PDGF-A was significantly correlated with tumor-
associated desmoplasia. Contrary to previous spec-
ulation, we found an inverse relationship between
PDGF-A immunoreactivity and amount of desmo-
plasia in desmoplastic small round cell tumors. This
finding suggests the role of PDGF-A in desmoplastic
small round cell tumors is more complex than
previously expected. TGF-$3 and BMP4 are known
to have complex effects on regulating tissue pro-
liferation and differentiation, but do not seem to
play a critical role in inducing stromal proliferation
in these tumors. Because PDGF-Rf normally binds
PDGF-BB as well as AB chains, coexpression of
PDGF-A and PDGF-Rf might have an autocrine
effect in desmoplastic small round cell tumors.?*=**
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