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The fibrosarcomatous transformation of dermatofi-
brosarcoma protuberans (DFSP) has been considered
for some time to be associated with an adverse clinical
outcome. However, the molecular and cellular mech-
anism underlying the tumor progression remains un-
determined. As the chimeric gene, COLIA1-PDGFB,
has been proposed to play an important role in the
histogenesis of DFSP, we conducted a reverse tran-
scription-polymerase chain reaction assay to ascer-
tain whether the COL1IAI-PDGFB fusion transcripts
can be detected in both conventional DFSP and fibro-
sarcomatous components of DFSP with fibrosarcoma-
tous areas (DFSP-FS), using a simple method of mi-
crodissection on sections of archival formalin-fixed,
paraffin-embedded tumor specimens from six
DFSP-FS cases. The COL141-PDGFB fusion transcripts
could be detected in FS areas in five of the six cases,
whereas conventional DFSP areas of all cases ex-
pressed the chimeric mRNA. A subsequent sequence
analysis of the polymerase chain reaction products
confirmed that the detected messages were derived
from identical gene fusions in the two different compo-
nents of each of the five cases. Our results verify that the
COL1A1-PDGFB fusion transcripts are preserved in the
FS areas of most DFSP-FSs. The expression of the fusion
transcripts in both conventional DFSP and FS areas of
DFSP-FS supports a common histogenesis of the two
components. (J Mol Diag 2000, 2:47-52)

Dermatofibrosarcoma protuberans (DFSP) is a fibrohis-
tiocytic neoplasm of low-grade or intermediate malig-
nancy that has a propensity for local recurrence but
rarely metastasizes." Histologically, several uncommon
variants other than an ordinary form of DFSP have been
recognized during the last two decades. These include

Bednar tumor or pigmented DFSP,2 myxoid DFSP,® gran-
ular cell DFSP,* DFSP with fibrosarcomatous areas
(DFSP-FS),>¢ DFSP/DFSP-FS with foci of myoid/myofi-
broblastic differentiation,” DFSP with areas of giant cell
fibroblastoma,® and an atrophic and plaque-like form of
DFSP.° Among these variants, only the DFSP-FS variant
has a prognostic significance, whereas most of the other
variants simply represent morphological heterogeneity in
DFSP with no distinct relationship to clinical behavior. The
fibrosarcomatous transformation of DFSP has been con-
sidered a form of higher grade tumor progression and
appears to be associated with an adverse clinical out-
Come.6.10—12

Cytogenetically, DFSP is characterized by a reciprocal
translocation, t(17;22)(g22;g13), and a supernumerary
ring chromosome derived from the translocation r(17;
22).13715 Other rare forms, such as t(2;17) or (9;22), have
also been reported.’®"” Cloning of the r(17;22) or t(17;
22) has revealed that the translocations result in a fusion
of two genes, COL1AT and PDGFB."® The COL1AT gene
is located in 17g21-22 and encodes the a1(l) chain of
type | collagen. The PDGFB gene is located in 22913 and
encodes the B-chain of platelet-derived growth factor
(PDGF) ligand. The fusion causes deregulation of the
PDGFB gene by deleting its exon 1 and placing it under
the direct control of the COL1A7 gene. This rearrange-
ment leads to an unscheduled production of the growth
factor, which seems to play an important role in the
development of DFSP. In a more recent study, Greco et al
provided direct evidence that the rearranged PDGFB
gene could transform NIH3T3 cells in a model of an
autocrine mechanism.'®

Detection of the COL1A7-PDGFB chimeric mRNA by a
reverse transcription-polymerase chain reaction (RT-
PCR) assay has also been proven to be a reliable and
useful diagnostic marker for DFSP."82° Our recent ap-
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Figure 1. Photomicrographs of dermatofibrosarcoma protuberans with fibrosarcomatous areas before (A) and after microdissection (B) in case 1. Asterisk
represents a fibrosarcomatous area; triangle represents a conventional DFSP area (H&E; original magnification, X2.5).

proach showed that with some refinements, such as pro-
longed proteinase K treatment and selection of primers
amplifying small target sequences, use of the molecular
assay of RT-PCR was also feasible for detecting the
fusion transcripts in archival formalin-fixed, paraffin-em-
bedded tissues.?"

To our knowledge, the COL1AT-PDGFB fusion tran-
script has not been systematically analyzed in DFSP-
FS,2" and little is known about the status of the COL1A7-
PDGFB fusion gene in the FS areas of DFSP-FS. Here, we
examined six cases of DFSP-FS by RT-PCR to ascertain
whether the chimeric gene is involved in the fibrosarco-
matous transformation of DFSP. To separate the two dif-
ferent components of DFSP-FS, we conducted a method
of simple microdissection using archival formalin-fixed,
paraffin-embedded tissues.

Materials and Methods

Tumor Samples

Six cases of DFSP-FS were retrieved from the files of the
Department of Pathology and Oncology, School of Med-
icine, University of Occupational and Environmental
Health, and the Department of Pathology, University of
Tokyo Hospital. One case had been included in a previ-
ous study.?" The histological diagnosis of each DFSP-FS
case was confirmed by two of the authors (T. I. and H. H.)
by reviewing the original and/or reprepared sections
stained with hematoxylin and eosin (H&E) according to
the established diagnostic criteria.®'? An immunohisto-
chemical study was performed on deparaffinized sec-
tions using the standard immunoperoxidase avidin-biotin
complex technique as described elsewhere, with a panel
of antibodies against CD34 (QBEND 10, Immunotech,
Marseilles, France), bcl-2 (DAKO, Kyoto, Japan),
a-smooth muscle actin (1A4, Sigma, St. Louis, MO), mus-
cle-specific actin (HHF35, Enzo, New York, NY), and
desmin (D33, DAKO).

Microdissection

Microdissection was performed on sections cut from for-
malin-fixed, paraffin-embedded tissues essentially in the

same way as previously described with some modifica-
tions.?2 Briefly, 12 sections were serially cut from a rep-
resentative block at a thickness of 5 um each with dis-
posable microtome blades and collected on clean and
sterile treated glass. To avoid cross-contamination of
samples, a new microtome blade was used for each
case. The first and the last sections of each case were
stained with H&E for routine microscopic examination to
verify adequacy of the tumor tissue in the specimen. The
intermediate 10 consecutive sections were dewaxed and
rehydrated through graded alcohol to DNase/RNase-free
water. Sections were stained lightly with hematoxylin for
easy identification. Different areas of DFSP and FS were
cut out, respectively, from the sections using disposable
sterile fine needles under a phase contrast microscope
(STEMI SV8, Zeiss, Jena, Germany). Particular care was
taken to avoid contamination of DFSP samples in the FS
specimens and vice versa (Figure 1, A and B).

RT-PCR Assay

The microdissected tissue fragments were collected in
an Eppendorf tube that contained 200 ul of lysis buffer
and homogenized with a hand homogenizer. Then, 10 ul
of proteinase K (100 mg/ml, Merck, Darmstadt, Germany)
were added to the samples. After incubation at 55°C
overnight, 1.0 ml of Trizol reagent (Gibco BRL, Gaithers-
burg, MD) was added to the samples, followed by 200 wl
of chloroform. RNA extracts were treated with DNase |
(Gibco BRL) for 15 minutes at 37°C. The DNase was then
inactivated at 65°C for 10 minutes by adding 3 ul of 25
mmol/L ethylene diamine tetraacetate. Approximately 10
ul of the treated RNA extracts was reverse transcribed
into cDNA using 1 ul of random primers (Gibco BRL). The
integrity of RNA was evaluated by running a parallel PCR
for a 127-bp fragment of the ubiquitously expressed por-
phobilinogen deaminase (PBGD) gene and a 247-bp
fragment of the phosphoglycerate kinase (PGK) gene
with the following primers: PBGD-S, 5'-TGTCTGGTA-
ACGGCAATGCGGCTGCAAC-3" and PBGD-A, 5'-TCAAT
GTTGCCACCACACTGTCCGTCT-3',2® and PGK-forward
5'-CAGTTTGGAGCTCCTGGAAG-3" and PGK-reverse
5'-TGCAAATCCAGGGTGCAGTG-3'.2* To amplify the



Table 1. Sequences of the COL1A1 and PDGFB primers

Primer Nucleotide sequence
COL1A1(forward)
Exon 5 5'-GCCGAGATGGCATCCCTGG-3'
Exon 8 5'-TCAGGGTGCTCGAGGATTGC-3’
Exon 11 5'-AAGGCTTCCAAGGTCCCCCTGG-3’

Exon 15 5'-GGTGCTCGTGGAAATGATGG-3'
Exon 17 5'-AAGGTCCCCAGGGTGTGCG-3'

Exon 20 5'-AACCTGGTGCTCCTGGCAGC-3'
Exon 23 5'-AAGCTGGTCGTCCCGGTGAAGC-3'
Exon 26 5'-AAGGCTGGAGAGCGAGGTGTTC-3'
Exon 29 5'-TGCTGGCAAAGATGGAGAGG-3’
Exon 32 5'-TGAACGTGGTGCAGCTGGTCTTC-3'
Exon 35 5'-TCCCACTGGAGCTCGTGG-3'

Exon 38 5'-TGCTCCTGGAGCCAAAGGTGC-3'
Exon 40 5'-TGCTGGCGAGAAAGGATCCCCTG-3'
Exon 43 5'-TGGCAAGAGTGGTGATCGTGG-3'
Exon 46 5'-TGGCTTCTCTGGCCTCCAGGG-3’
Exon 49 5'-ACCTCAAGAGAAGGCTCACGATGG-3'

PDGFB(reverse) 5'-ATCAAAGGAGCGGATCGAGTGGTC-3'

COL1A1-PDGFB fusion transcripts, single-step PCR was
carried out using a set of specific COL1A7 forward prim-
ers and a PDGFB reverse primer as previously described
(Table 1).2" The primers corresponded to the a-helical
domain of the COL7A7 gene (exon 6 through exon 49)
and the exon 2 of PDGFB gene. The PCR profile con-
sisted of 45 cycles of denaturation at 94°C for 1 minute,
annealing at 66°C for 45 seconds, and elongation at 72°C
for 50 seconds, followed by a final extension at 72°C for 10
minutes. In each PCR procedure, a no-reverse transcription
control and a no-cDNA template control were included. The
PCR products were visualized by ethidium bromide staining
on a 2% agarose gel.

Sequence Analysis

To analyze the type of breakpoints, 2 ul of the PCR
products were cloned into a pCR2.1 vector by a TA
cloning kit (Invitrogen, Carlsbad, CA). The plasmid DNA
was then transfected into DH-5« (Toyobo, Osaka, Japan)
and incubated overnight. White clones were picked and
screened by PCR to confirm the presence of inserts.
Sequence analyses were performed using an automated
sequencing system, ALFexpress DNA sequencer (Phar-
macia Biotech, Uppsala, Sweden). The results were an-
alyzed by a computer using GeneWorks Release 2.5.1
software (Oxford Molecular Group Inc., Campbell, CA)
and the data of the GenBank database.

Results

Histologically, the conventional DFSP areas of DFSP-FS
were composed of a monotonous proliferation of small to
medium-sized spindle cells arranged in a distinct sto-
riform or cartwheel pattern, frequently showing honey-
comb-like infiltration into the adjacent adipose tissue
(Figure 2A). The fibrosarcomatous areas consisted of a
cellular proliferation of plump atypical spindle cells with
hyperchromatic nuclei arranged in variably interlacing
fascicles, often displaying a herringbone appearance
(Figure 2B). FS areas showed a significantly higher mi-
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Figure 2. Histological appearance of DFSP-FS. A: Distinct storiform pattern
in a conventional DFSP area with characteristic honeycomb infiltration of the
adjacent fat tissue (case 4; H&E; original magnification, X25). B: Herring-
bone structure in a fibrosarcomatous area of DFSP-FS (case 4; H&E; original
magnification, X50).

totic rate with an average of 14.7 mitoses per 10 high-
power fields (HPFs), whereas in conventional DFSP ar-
eas, the mitotic rate was 0.7 mitoses per 10 HPFs. The
transition between the two areas was generally distinct in
the present cases. FS areas in three cases also con-
tained foci of myoid/myofibroblastic differentiation, as
previously described.”?® Immunohistochemically, tumor
cells in conventional DFSP areas were diffusely positive
for CD34 in all of the cases, whereas FS areas had
CD34-positive tumor cells in two of the six cases, one of
which showed only focal and weak staining. Both com-
ponents were negative for bcl-2, a-smooth muscle actin,
muscle-specific actin, and desmin in all of the cases,
although scattered myoid nodules in three cases showed
an actin-positive, desmin-negative immunoreactivity.®®
The COL1A1-PDGFB fusion transcripts were detected
in both of the DFSP and FS areas in five of the six
DFSP-FS cases (cases 1, 2, 4, 5, and 6; 83.3%), and only
in the DFSP areas in one case (case 3). The amplification
assay yielded distinctive fragments of 105, 106, and 258
bp in length (Figure 3). Nucleotide sequence analysis of
the PCR products showed that the exon 2 of the PDGFB
gene was fused in-frame to variable regions of the
COL1AT gene. In this study, the breakpoints of the
COL1A1 gene were located in exon 25 (cases 5 and 6),
exon 32 (cases 1, 3, and 4), and exon 46 (case 2) (Figure
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Figure 3. Expression of COL1A1-PDGFB fusion transcripts (A) and PBGD
gene mRNA (housekeeping gene; B) in each sample of DFSP-FS. The num-
ber of the lane is identical to the case number in Table 2. The double bands
in lane 5D were likely to be formed by DNA conformation changes, because
the DNA sequences of the PCR products in both upper and lower bands in
lane 5D were confirmed to be identical by the sequence analysis. M, 100-bp
DNA ladder; D, conventional DFSP areas; F, fibrosarcomatous areas; N,
negative control.

4). In each of the five cases, the breakpoint of the fusion
gene in the FS areas was the same as that in the con-
ventional DFSP areas. In case 3, the repeated RT-PCR
assay failed to detect the fusion transcript in the sample
of the pure FS areas, although the transcript was detect-
able in the specimen of ordinary DFSP.?' The PBGD
gene transcripts could be amplified in 11 samples
(91.7%), whereas the PGK gene transcripts were de-
tected in only 4 samples (33.3%). The details of the
results are summarized in Table 2.

Discussion

Fibrosarcomatous change in DFSP is a rare event. In
1951, Penner first documented a case of metastasizing
DFSP that contained areas histologically indistinguish-
able from fibrosarcoma.?® Due to the rarity of the lesion,
the initial description was followed by a limited number of
studies, most of which were case reports.?”2° In 1988,
Wrotnowski et al described a series of six cases of
DFSP-FS and proposed that fibrosarcomatous change
within DFSP represented a secondarily developed neo-
plasm that was distinct from the surrounding DFSP,® but
they did not find any significant difference in the subject
of a prognosis between ordinary DFSP and DFSP-FS. In
contrast, Ding et al stressed the unfavorable outcome of
DFSP-FS in their report of nine cases of DFSP-FS.® They
noted that patients with DFSP-FS had a higher rate of
local recurrence, a shorter prerecurrence interval, and an
increased incidence of distant metastasis than patients
with ordinary DFSP. Connelly and Evans found a similar
recurrence rate in their study of six cases and confirmed
the adverse outcome of DFSP-FS.' More recently, two
studies of a large series of DFSP-FS have supported that
fibrosarcomatous change within DFSP represents a high-
grade transformation and is associated with a worse prog-
nosis than ordinary DFSP.'"'? The adverse clinical out-
come of DFSP-FS has been supposed to be correlated with
the higher cell proliferative activity in the high-grade FS
areas. Several studies have demonstrated that mitotic rates
in the FS areas of DFSP-FS were significantly higher than in
the DFSP areas.®'"'230 Pizarro et al briefly reported that
Ki-67 values correlated with their light microscopic classifi-
cation of DFSP into DFSP-FS, hypercellular DFSP, and or-
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Figure 4. Nucleotide sequence analysis of PCR products showing three types
of COL1AI-PDGFB fusion transcripts composed of junctions between
PDGFB exon 2 and COLIAI exon 25 (A), exon 32 (B), or exon 46 (C).

dinary DFSP."" Similarly, Hisaoka et al also found an ele-
vated value for the Ki-67 labeling index and the flow
cytometric proliferative index in the FS areas of DFSP-FS.%°

Immunohistochemically, tumor cells in conventional
DFSP areas of DFSP-FS are usually diffusely positive for
CD34, whereas tumor cells in FS areas tend to lose their
expression or to show only focal and weak staining. This
different pattern of CD34 immunoreactivity has led some
investigators to consider the antigen as a useful marker in
recognizing FS areas.®' However, it is noteworthy that
there are some cases of DFSP-FS with FS areas showing
diffuse staining of CD34, and ordinary DFSP or conven-
tional DFSP areas in DFSP-FS that rarely lose or only
focally show expression of the antigen. In the current
series, FS areas expressed the antigen in two of the six
cases (33.3%), one of which showed a diffuse staining. In
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Table 2. Clinicopathological and Molecular Characteristics of DFSP-FS

Case no. Age (yr)/sex Site Histology CD34 PBGD PGK COL1A1 - PDGFB

1 14/M Thigh DFSP + - — Exon32 - Exon2
FS — + — Exon32 - Exon2

2 39/M Chest wall DFSP + + + Exon46 - Exon2
FS — + + Exon46 - Exon2

3 47/F Chest wall DFSP + + — Exon32 - Exon2
FS - + - /

4 65/F Abdominal wall DFSP + + + Exon32 - Exon2
FS — + + Exon32 - Exon2

5 45/M Subclavicular DFSP + + — Exon25 - Exon2
FS + + — Exon25 - Exon2

6 40/F Chest wall DFSP + + — Exon25 - Exon2
FS + + — Exon25 - Exon2

PBGD, prophobilinogen deaminase; PGK, phosphoglycerate kinase; DFSP, conventional dermatofibrosarcoma protuberans areas; FS, fibrosar-

comatous areas.

the report by Diaz-Cascajo et al, three of the four cases
were positive for CD34 in FS areas.®?

Recently, cytogenetic and molecular studies have pro-
vided valuable information with respect to the tumorigen-
esis of several soft tissue sarcomas.®® Approaches in
DFSP have revealed that the specific ring chromosomes
derived from translocation (17;22) and reciprocal trans-
location t(17;22) fused in-frame the COL7A7 gene on
chromosome 17 and the PDGFB gene on chromosome
22.'® Greco et al demonstrated that the deregulated
PDGFB could transform NIH3T3 cells, and an autocrine
mechanism involving the PDGFB signaling pathway has
been suggested to be related to the development and
progression of DFSP.'®

Although the COL1A7-PDGFB fusion transcript has
been studied in DFSP and its juvenile form, giant cell
fibroblastomas, it has not been systematically investi-
gated in the DFSP-FS variant. In the present study, we
have demonstrated that the COLTA7-PDGFB fusion tran-
scripts were detectable not only in conventional DFSP
areas but also in FS areas in most cases of DFSP-FS. The
sequence analysis of the PCR products confirmed that
the amplified messages were derived from identical gene
fusions in the two components of each case. This finding
indicates that the COL1A7-PDGFB chimeric gene derived
from t(17;22) or r(17;22) is still involved in the fibrosarco-
matous transformation of DFSP and that the deregulated
PDGFB continues to act as a growth factor in the process
of tumor progression. Significance of the loss of expres-
sion of the COL1A7-PDGFB fusion transcripts in the fibro-
sarcomatous areas of one of the six DFSP-FS in this
study, which was included in our previous paper,®' is
difficult to interpret. The result may be simply a false
negative.

Cytogenetic studies on DFSP-FS are extremely limited.
Recently, Hamada et al supposed, by the method of
fluorescence in situ hybridization (FISH), that a gain of
chromosome 17 developed in high-grade groups, recur-
rent or large-sized DFSP, and DFSP with the possibility of
a progression to DFSP-FS.2* The authors speculated that
extra copies of chromosome 17 may be derived from
t(17;22) or supernumerary ring chromosomes. However,
the cellular and molecular mechanism underlying the
fibrosarcomatous transformation of DFSP is still not fully
clarified. Some investigators have suggested that the

high-grade tumor progression of DFSP was associated
with alterations in the p53 pathway, such as overexpres-
sion of p53 protein by a mutated gene and mdm?2 over-
expression.3%2% We should further investigate whether
there are other additional cytogenetic or molecular aber-
rations that might be involved in the process of fibrosar-
comatous progression of DFSP.

Fibrosarcoma is considered to be a rare malignant
tumor of fibroblasts. Fibrosarcomas are divided by pa-
tient age into adult fiborosarcoma (AFS) and congenital or
infantile fibrosarcoma (CFS). The latter has a better prog-
nosis than the former, with a very low metastatic rate.
Cytogenetically, CFS is characterized by relatively con-
sistent numerical chromosome changes, such as trisomy
8, 11, 17, and 20.36 Furthermore, recent studies have
shown that CFS contained a novel recurrent t(12;15)(p13;
g25), resulting in a gene fusion of ETV6-NTRK3.3” Similar
rearrangements were also demonstrated in congenital
mesoblastic nephroma (CMN), and a close relationship
between these two entities has been suggested.®® In
contrast, the reports on cytogenetic analysis in AFS
showed complex karyotypes with no consistent rear-
rangements, although a few examples had nonrandom
chromosomal changes, such as t(2;19).%° Now, we need
to ascertain whether there are cases with the COL1A7-
PDGFB fusion gene among cases of classical AFS, be-
cause many AFS cases have clinical features, including
anatomical location preponderantly in the trunk, similar to
those of DFSP/DFSP-FS.

In conclusion, we have shown that fibrosarcomatous
areas in DFSP-FS also expressed the COL1A7-PDGFB
fusion transcripts, indicating that the chimeric gene
COL1A1-PDGFB may continue to act as a growth factor in
the tumor progression of DFSP. The expression of the
fusion transcripts in both conventional DFSP and FS ar-
eas in DFSP-FS supports a common histogenesis of the
two components. Moreover, the gene fusion may provide
a potential diagnostic marker for DFSP-FS.
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