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ABSTRACT
Background Spindle cell lesions of the breast represent
an interesting diagnostic challenge as they comprise
a wide range of tumours that are rare. Differentiating
dermatofibrosarcoma protuberans (DFSP) from other
dermatofibromas using CD34 immunohistochemistry
alone is difficult; therefore, fluorescence in situ
hybridisation (FISH) analysis is often employed to identify
typical COL1A1ePDGFB fusion or gene rearrangement.
Although molecular confirmation of diagnosis is
unnecessary in the majority of DFSP cases, the detection
of chromosomal rearrangement is valuable in tumours
that show unusual clinicopathological features as in this
study the authors report a case of DFSP of breast that
did not show any typical known molecular features.
Methods and results Morphological and
immunohistochemical study was highly suggestive of the
diagnosis of DFSP. To further investigate this case, DNA
copy number alterations were investigated by the 250 K
Affymetrix SNP Mapping array. DNA analysis did not
show any of the known translocations reported in DFSP
or any known solid tumour category. However, in
addition to copy number changes on chromosome 1,
amplification of chromosome 7p which contains the
epidermal growth factor receptor (EGFR) gene was
observed. Results from EGFR FISH showed an increase in
EGFR gene to chromosome 7 ratio (3:1) suggesting
amplification of the EGFR gene.
Conclusion This case of an unusual DFSP demonstrates
that genomic interrogation provides additional potential
targets such as a therapeutic avenue with anti-EGFR
therapies and shows the power of molecular
characterisation of unusual tumours for a personalised
medicine approach.

INTRODUCTION
Spindle cell lesions of the breast represent an
interesting diagnostic challenge as they comprise
a wide range of tumours that are rare. Differential
diagnoses depend on the composition of lesion,
with monophasic lesions that have pure bland
spindle cells being a frequent diagnostic dilemma
since the spectrum of lesions range from fibroma-
tosis, fibromatosis-like metaplastic carcinoma to
other unusual conditions such as dermatofi-
brosarcoma protuberans (DFSP).1 DFSP is a rare,
slow growing, infiltrating dermal neoplasm of
intermediate malignancy and is composed of
spindle shaped tumour cells arranged in storiform
pattern. It is often found in the extremities and
trunk of adults,2 3 less commonly in the adult
female breasts1 3e5 and recently reported in the

breast of a 2-year-old girl.6 There are a few char-
acteristics to differentiate DFSP from other
dermatofibromas. Histologically, DFSP is charac-
terised by irregular projections of cells infiltrating
surrounding tissue and deeper layers while other
dermatofibromas have well-defined margins.7 8

Furthermore, it has been reported that CD34
immunohistochemistry is useful in differentiating
DFSP from other dermatofibromas.9 10 Strong to
diffused staining of CD34 is observed in virtually all
the tumour cells in DFSP while only vascular
endothelial cells express CD34 in other tumours.11

Differentiating DFSP from other dermatofibromas
is difficult with CD34 immunohistochemistry
alone due to low sensitivity of CD34 staining,7

lack of CD34 staining in tumours changing from
DFSP to fibrosarcoma12 and false positivity.13

Cytogenetically, DFSP cells are characterised by
either supernumerary ring chromosomes derived
from chromosome 17 and 22 or more rarely
a translocation of t(17;22). These chromosomal
rearrangements lead to the formation of a
specific chimeric gene fusing collagen type1 alpha1
to platelet-derived growth factor beta polypeptide
(COL1A1 to PDGFB). However, in approximately
8% of DFSP, the COL1A1ePDGFB fusion is not
identified, suggesting that genes other than
COL1A1 or PDGFB might be involved in a subset of
cases.14 To date, only five cases presented other
chromosomal anomalies such as t(5;8),15 t(X;7)
(q21.2;q11.2),16 t(9;22)(q32;q12.2),17 t(2;17)(q33;
q25)18 and a complex translocation involving
chromosomes 3, 5, 7 and 22.14 15 19 20 Although
molecular confirmation of diagnosis is unnecessary in
the majority of DFSP cases, the detection of chro-
mosomal rearrangement is valuable in tumours that
show unusual clinicopathological features such as an
anomalous anatomical location, a peculiar presenta-
tion (eg, plaque stage) or diagnosis at a young age
since a more accurate diagnosis may allow different
treatment options and better predict prognosis. Here,
we present a case with an unusual presentation in
anatomic location and molecular features.

MATERIALS AND METHODS
Clinical history
A 38-year-old woman with a history of left breast
cancer 3.5 years prior presented with an area of
tender thickening in right breast that had grown to
a palpable painless mass in the previous 6 months.
Clinical examination revealed a mass of 1.5 cm size
whereas the overlying skin appeared normal. On
ultrasonography an irregular echogenic area measuring
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23 mm was identified. Her past medical history included carcinoma
of a strongly ER positive HER2 negative left breast, increasing the
clinical concern. Fine needle aspiration biopsy was performed in the
first instance and favoured diagnosis of a benign spindle cell lesion in
keeping with a fibromatosis. However, due to the continued growth
of the lesion and in view of the previous history of carcinoma an
ultrasound guided breast core biopsy was performed leading to
a wide local excision which was referred to the Peter MacCallum
Cancer Centre.

Microscopy
Sections showed a moderately cellular spindle cell proliferation
with storiform pattern, minimal intercollagenous fibrous tissue,

rare mitotic activity and no necrosis (figure 1). The spindle cells
were present within the breast parenchyma adjacent to breast
epithelial elements. There was a focus of increased mitosis at
about 17 per high power field and hyperchromasia of nuclei
comprising 20% of the present tumour. The tumour did not
show any of the characteristics either morphological or pheno-
typic of her previous breast carcinoma. Immunohistochemistry
was carried out on formalin fixed paraffin embedded (FFPE)
sections with various markers such as cytokeratin, hormone
receptors, smooth muscle and epidermal growth factor receptor
(EGFR) (table 1). Antigeneantibody complex was detected
using Envision FLEX system (EnVision FLEX/HRP and EnVision
FLEX DAB+ Chromogen, Dako, Denmark).

Figure 1 Photomicrographs of
dermatofibrosarcoma protuberans
sections stained with H&E (AeF)
showing spindle cells with various
mitotic activity and
immunohistochemistry for CD34 (GeH).
(A) An overview of the breast tumour
(325); (B) spindle cell arranged in
a storiform pattern (3250); (C)
Herringbone (3250); (D) mitotic figures
(3400); (EeF) bland areas (3250
and 3400); (GeH) CD34 positive cells
(brown, 3250).
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FISH analysis
To help support a diagnosis of DFSP-fibrosarcoma (DFSP-Fs),
fluorescence in situ hybridisation (FISH) analysis was carried out
on tumour sections from paraffin blocks. The COL1A1ePDGFB
probes used in the staining were prepared by labelling DNAs
from bacterial artificial chromosomes centromeric (RP11-1149B8
and RP11-348I17) and telomeric (RP11-101B10 and RP11-434E5)
to the PDGFB locus with biotin and digoxigenin, respectively, as
previously described.21 To substantiate anti-EGFR as a possible
therapeutic agent, EGFR FISH was carried out using Vysis
EGFR/CEP7 FISH probe Kit (Abbott Molecular, Des Plaines,
USA) as previously described.22

DNA genomic studies
Due to inconclusive results obtained from microscopical exam-
ination of immunohistochemistry and FISH, the tumour was
analysed using a genome-wide single nucleotide polymorphism
(SNP) array to detect copy numbers and loss of heterozygosity
aberrations. The FFPE block was sectioned at 3 mm thickness
and it was stained with H&E to identify both tumour enriched
and normal tissue areas for needle microdissection. Genomic
DNA was extracted from FFPE sections as previously
described.23 The 250 K Affymetrix SNP Mapping array (NspI,
Affymetrix, Santa Clara, California, USA) was used to analyse
tumour and matched normal DNA as described previously.24

The results were analysed in GTYPE v4.0 (Affymetrix) to
generate genotype information. The mapping algorithm call
threshold setting was set at 0.26 and copy number information
was derived after first normalising each tumour to its matched
normal in CNAG v2.0.25 Regions of copy number gain and loss
were visually identified in Integrated Genome Browser and
confirmed by interrogation of the raw copy number log2 ratios
from CNAG v2.25

RESULTS
Immunohistochemistry demonstrated positive staining for
vimentin but the tumour was negative for AE1, AE3, S100,
oestrogen and progesterone receptors. These factors favoured the
diagnosis of DFSP. The sarcomatous element showed variable
CD34 staining intensities: absent in some and weak to strong in
other areas throughout the tumour. These findings suggested
fibrosarcomatous change in a DFSP, that is, DFSP-Fs. DNA
analysis did not show any of the known translocations reported
in DFSP including any changes in the copy number changes on

chromosome 17 or 22 and the tumour cells were negative for
PDGFB gene rearrangement in both tumour elements.
Somatic copy number and loss of heterozygosity alterations

were detected and they are summarised in table 2 (the raw SNP
data are available from authors on request). A large region of
copy number gain was observed on chromosome 1 which
included part of the p arm and the entire q arm. A narrow
3.3 Mb amplification area was located on chromosome 7p,
which contains EGFR gene. Consequent validation by IHC and
FISH showed, respectively, focal expression for EGFR protein
and low level gene amplification with EGFR gene to chromosome
7 ratios up to 3:1 (figure 2).One region of hemizygous copy
number loss was also detected on chromosome 11 where genes
such as CRIPT, SOCS5, MCFD2, TTC7A and ATM are located.
The changes identified by the SNP arrays do not characterise the
present tumour to any known solid tumour category.

DISCUSSION
Spidle cell carcinoma, a variant of sarcomatoid/metaplastic
carcinoma, arises as first differential in the present case, in view
of previous history of breast carcinoma in the opposite breast.
However, her prior contralateral breast carcinoma did not show
evidence of either morphological or phenotypic features of
a metaplastic carcinoma being strongly ER positive. If it is a new
primary metaplastic carcinoma it would have shown a greater
mitotic activity, immunopositivity for broad spectrum cytoker-
atins and be negative for CD34 as compared with DFSP.
Furthermore, the presence of epithelial/epitheliod components is
also of help for diagnosing carcinoma.27 Fibromatosis is a lobu-
lated and infiltrative proliferation of fibroblasts or myofibro-
blasts, usually collagenous, perivascular lymphocytic infiltrate
with thin walled vessels and rare mitotic figures. It is also
negative for CD34.28 Myofibroblastoma is a circumscribed,
pseudo-encapsulated expansive tumour with pushing borders,
composed of spindle cells arranged in short haphazardly inter-
secting fascicles interrupted by thick bands of brightly eosino-
philic collagen. They show a similar immunostaining pattern to
DFSP and can pose problems if they present as a variant with
infiltrating margins29 30 but hormone receptors are frequently
present in the lesion. Dermatofibroma is the most common
other differential for DFSP in soft tissue but this rarely involves
the subcutaneous tissue. It is usually a small lesion composed of
short fascicles of plump bland of spindle cells that have
a haphazard arrangement often admixed with inflammatory
cells, siderophages and giant cells. There is an occasional focal
CD34 positive staining opposed to the diffuse and extensive
staining that is present in DFSP.30

Maire et al31 reported that positive CD34 immunostaining
gives a good indication for DFSP but since the breast is such an
unusual site, molecular confirmation was pursued. Positive
detection of COL1A1ePDGFB or other reported chromosomal
anomalies in a tumour sample would have indicated that the
tumour is DFSP or a related tumour. However, FISH analysis and
SNP array analysis did not detect the PDGFB rearrangement or
other DFSP-associated breakpoints within or copy number

Table 1 Antibodies used in immunohistochemistry

Antibody Host species Clone Dilution Source

AE1/AE3 Mouse Monoclonal,
multi-cytokeratin, 20:1

1/100 Leica

S100 Rabbit Polyclonal 1/3000 Dako

ER Rabbit Monoclonal, SP1 Pre-diluted Ventana

PR Rabbit Monoclonal, 1E2 Pre-diluted Ventana

CD34 Mouse Monoclonal, QBEnd-10 1/200 Dako

EGFR Mouse Monoclonal, 31G7 1/50 Zymed

Table 2 Summary of all the chromosomal alterations detected in the tumour by comparative genomic
hybridisation (CGH) array

Chromosome Region (Mb) Size (Mb)
Average copy
number

Copy number
alterations Candidate genes

1 97.5e249.2 151.7 3 Gain

7 53.4e56.9 3.3 5 Gain EGFR

11 102.1e110.4 8.3 Hemizygous Loss ATM

Takano EA, Rogers T-M, Young RJ, et al. J Clin Pathol (2012). doi:10.1136/jclinpath-2011-200629 3 of 5

Original article

 group.bmj.com on May 8, 2012 - Published by jcp.bmj.comDownloaded from 

http://jcp.bmj.com/
http://group.bmj.com/


unbalances of COL1A1 and PDGFB genes. It should be noted
that 8% of DFSP show chromosomal rearrangements other than
17;22 ring chromosome14 including t(X;7), t(9;22) and t(2;17),
and a complex unbalanced aberrations involving chromosomes
3, 5, 7 and 22.15 19 More recently, a novel translocation of
chromosome 5 and 8, involving the CSPG2 and PTK2B genes,
respectively, has been reported.15 Trisomy 8 is the most frequent
additional anomaly, reported in about a third of the karyotyped
DFSP cases.19 Trisomy 5 is the second most common secondary
abnormality seen in DFSP.32 In addition, a variety of numerical
alterations, gains more often than losses, have also been
described in DFSP. Trisomy has been described for chromosomes
4, 7, 11, 12, 13, 14, 15, 16 and 18 along with a fusion ring of
chromosome 4 and 17.14

Of note, an amplification of 7p12 region containing EGFR
gene was demonstrated by SNP array and confirmed by an
increased EGFR to CEP7 ratio seen in EGFR FISH. It has been
previously shown that EGFR underlies the pathogenesis of 3.5%
of soft tissue sarcomas33 and also in 34% of metaplastic breast
carcinomas.34 This region may be of a clinical significance since
amplified EGFR kinase might be a target for the therapy using
specific tyrosine kinase inhibitors, as in lung or colon carci-
nomas. To confirm whether this finding is more frequent in
DFSP lacking typical COL1A1ePDGFB fusion warrants further
study. The biological mechanism underlying the transformation
into sarcomatous change is poorly understood. Earlier studies
have suggested the role of increased proliferation rates,
microsatellite instability and TP53 mutation in progression of
DFSP to fibrosarcoma.35 Other studies have shown that
the COL1A1ePDGFB fusion gene is present in both DFSP and
DFSP-Fs.36 Abbott et al37 showed that acquisition of the
COL1A1ePDGFB fusion gene is a major oncogenic mechanism
in sarcomatous transformation which is present in 60% of cases.
The underlying oncogenic aberration in our DFSP case is
unknown. Interestingly, Vekony et al38 looked by CGH at the
carcinoma and the sarcoma entity of salivary gland carcinosar-
coma, a tumour exhibiting both carcinomatous and sarcomatous
elements, and reported copy numbers loss on 11q21-23.3 in

sarcoma and 11q13.2-23.3 in carcinoma38 which overlaps the
copy number loss we observed in DFSP at 11q22-q23 (table 2).
In summary, we report a case of DFSP of breast with subcu-

taneous presentation, mimicking as primary breast cancer that
did not harbour any of the known molecular features charac-
teristic of this tumour type. Although rare, the existence of cases
of DFSP negative for the COL1A1ePDGFB fusion has to be
taken in consideration when performing molecular diagnosis for
a tumour suspected to be a DFSP. The characterisation of these
variant cases is important to provide more accurate molecular
diagnosis and use of correct therapeutic agents, which in this
case might include EGFR tyrosine kinase inhibitors erlotinib or
gefitinib and/or monoclonal antibodies such as cetuximab and
panitumumab.
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< Although molecular confirmation of diagnosis is unnecessary
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