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Expression profile and molecular genetic
regulation of cyclin D1 expression
in epithelioid sarcoma
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Epithelioid sarcoma is a distinctive, aggressive soft tissue tumor typically presenting as a subcutaneous or
deep dermal mass in the distal extremities of young adults. Molecular genetic data of well-characterized cases
of epithelioid sarcoma are sparse. A recent cytogenetic study of epithelioid sarcoma by conventional
metaphase comparative genomic hybridization reported recurrent gains at chromosome 11q13, a region
containing many genes, including the cyclin D1 gene. Cyclin D1 is a positive cell cycle regulator that is
overexpressed in a variety of neoplasms, including mantle cell ymphoma and breast carcinoma. The objective
of this study was to examine cyclin D1 expression in epithelioid sarcoma. Of 24 cases evaluated, 23 (96%)
displayed cyclin D1 nuclear expression using immunohistochemical evaluation. Eight cases, which expressed
cyclin D1 by immunohistochemistry, were evaluated by fluorescence in situ hybridization (FISH) and RNA
in situ hybridization (RISH) for amplification of the cyclin D1 gene and messenger RNA (mRNA) expression,
respectively. Seven of eight cases showed a typical eusomic state. One case showed pseudoamplification due
to aneusomy/polysomy. There was no evidence of cyclin D1 gene amplification or messenger RNA
overexpression detected by FISH or RNA in situ hybridization analyses, respectively. Our data clearly
demonstrate that cyclin D1 protein is upregulated in epithelioid sarcoma, suggesting a role for this cell cycle
regulator in the pathogenesis of epithelioid sarcoma. The high level of cyclin D1 protein expression in
epithelioid sarcoma appears to be regulated by translational and/or post-translational mechanisms.
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Epithelioid sarcoma is a rare, aggressive soft tissue
tumor generally presenting as a subcutaneous or
deep dermal mass in the upper extremities of
adolescents and young adults, and has a high risk
for local recurrence and metastasis."® Histologi-
cally, epithelioid sarcoma is characterized by nod-
ular  aggregates of cytologically malignant
epithelioid and/or spindled cells, often with central
necrosis. The tumor cells are immunoreactive for
cytokeratin, epithelial membrane antigen, vimentin,
and 50% of cases are immunoreactive for CD34.*
Cytogenetic data for epithelioid sarcoma are
relatively sparse. The abnormalities described in-
clude t(8;22)(q22;q11), allelic loss of 22q, gains at

Correspondence: Dr JR Goldblum, MD, Department of Anatomic
Pathology, The Cleveland Clinic Foundation, 9500 Euclid
Avenue, Cleveland, OH 44195, USA.

E-mail: goldblj@ccf.org

Received 29 July 2004; revised and accepted 26 October 2004;
published online 3 December 2004

1q, 6p, and 9q, and aberrations of 18q and 8q.?
Recent cytogenetic data by conventional metaphase
comparative genomic hybridization (CGH) have
shown recurrent gains at 11q13,° a region with
many genes, including the cyclin D1 gene. Cyclin
D1, originally identified as a molecule that links
growth factor signaling and cell cycle machinery, is
a critical molecule in the regulation of progression
through the G1 phase of the cell cycle, thereby
promoting cell proliferation.® The cell cycle pro-
gression is tightly regulated by cell cycle regulatory
molecules, including cyclins, cyclin-dependent ki-
nases (CDKs) and CDK inhibitors. Cyclin D1
together with CDK are responsible for the G1/S
transition by phosphorylating the retinoblastoma
(Rb) protein, which then releases transcription
factors important for the initiation of DNA replica-
tion.” Expression of cyclin D1 gene is upregulated in
several neoplasms, including mantle cell lympho-
ma,'*" multiple myeloma, breast carcinoma,'*"?
pancreatic endocrine tumors'*"® and various sarco-
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mas."®?° However, the role of cyclin D1 in the
pathogenesis of epithelioid sarcoma has not been
evaluated. In this study, we examine cyclin D1 gene
expression in epithelioid sarcoma by immunohisto-
chemistry (IHC), fluorescence in situ hybridization
(FISH), and RNA in situ hybridization (RISH).

Materials and methods

The files of the Departments of Anatomic Pathology
of the Cleveland Clinic Foundation, Johns Hopkins
Hospital, and Royal Marsden NHS Trust were
searched for cases of epithelioid sarcoma. Following
review of the hematoxylin and eosin-stained sec-
tions, a representative paraffin block from 24 cases
of epithelioid sarcoma was selected for immunohis-
tochemical evaluation using an antibody to cyclin
D1 (Novocastra, Burlingame, CA, USA) with a
modified avidin-biotin complex technique. Appro-
priate positive and negative controls were used
throughout the study. Only nuclear staining was
considered positive for cyclin D1. The extent of
immunoreactivity was evaluated in a semiquantita-
tive manner using the following scale: 0: <5% of
nuclei staining; 1+: 6-25% of nuclei staining; 2 +:
26—50% of nuclei staining; 3+: 51-75% of nuclei
staining; 4 +: >75% of nuclei staining.

Eight cases of epithelioid sarcoma showing strong
cyclin D1 protein expression were selected for FISH
and RISH to assess cyclin D1 gene amplification and
messenger RNA (mRNA) expression, respectively.
FISH was performed on 4 um thick paraffin-em-
bedded sections of tumor tissue, as described
previously.?>** After deparaffinization, cell condi-
tioning using Target Retrieval Solution (DakoCyto-
mation, Carpinteria, CA, USA) and proteinase K
treatment, each section was hybridized with 10 ul of
a dual labeled probe containing a spectrum green
label for the centromeric region of chromosome 11
(CEP 11) and a spectrum orange label for the CCND1
locus (Vysis, Downers Grove, IL, USA) and cover-
slipped. The sections were incubated at 90°C for
6min and then overnight at 37°C in a humidified
chamber. Posthybridization washes were performed
using 2 x saline sodium citrate (SSC) at room
temperature for 5min, 2 x SSC for 3min at 72°C,
and phosphate-buffered saline (PBS)/0.1% Tween
20 (pH 7.4) for 5min, and the sections were
counterstained with 15ul of DAPI (0.1 ul/ml) in
antifade solution (Ventana Medical Systems, Tuc-
son, AZ, USA). Signals were visualized using an
Olympus BX40 fluorescence microscope (Olympus
America, Melville, NY, USA) with three band pass
filters. Amplification of epidermal growth factor
receptor (EGFR) gene on chromosome 7p12 in a case
of glioblastoma was used as a positive control for
gene amplification. Signals from 20 nuclei in two
representative fields were evaluated, and the mean
of each field calculated. The means of the two field
counts were recorded as the result for two cases.
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Amplification was defined as a CCDN1/CEP11 ratio
>2.0, and polysomy was defined as a CEP11 average
count >3.0; only nuclei with at least one CEP11
signal were counted.

The 3'-UTR region (~0.4kb) of cyclin D1 gene
was amplified by RT-PCR using total RNA from
human the monocytic cell line, U937 (ATCC). The
cDNA fragments were then subcloned into a pCMV
vector bearing both T3 and T7 promoters (Strata-
gene, La Jolla, CA, USA). The sense and antisense
cRNA probes were labeled with digoxigenin-UTP
(DIG-UTP) by in vitro transcription with either T3 or
T7 RNA polymerase (Roche, Indianapolis, IN, USA)
using pCMV-cyclin D1-3-UTR as templates. The
digoxigenin-labeled GAPDH probe was a kind gift
from Ventana Medical Systems. The in situ hybridi-
zation reactions on formalin-fixed, paraffin-em-
bedded tissue sections were carried out on a
Discovery automated system (Ventana) following
the manufacturer’s protocol.

Results

All 24 cases of epithelioid sarcoma evaluated in this
study displayed typical histologic features, includ-
ing nodular collections of cytologically malignant
epithelioid and spindled cells with eosinophilic
cytoplasm separated by dense collagen and often
revealing central necrosis (Figures 1 and 2). Im-
munohistochemically, 23 of 24 (96%) cases showed
some degree of cyclin D1 nuclear expression (Table
1). In one-half of the cases, at least 50% of the
neoplastic nuclei stained positively for cyclin D1
(Figure 3), including 10 cases with 3 + staining and
two cases with 4 + staining.

Eight cyclin Di-immunoreactive cases were
further evaluated by FISH. Seven of the eight cases
showed a typical diploid state. One case displayed
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Figure 1 Typical example of cutaneous epithelioid sarcoma. The
tumor is composed of a sheet-like proliferation of large epithe-
lioid cells and spindled cells with central necrosis in a garland
pattern.
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Figure 2 High-magnification view of epithelioid sarcoma com-

posed of large epithelioid cells with atypical nuclei and abundant
eosinophilic cytoplasm.
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Figure 3 High-magnification view of cyclin D1 immunoreactivity
in a case of epithelioid sarcoma. Note the strong and diffuse
nuclear staining for this antigen.

Table 1 Cyclin D1 immunoreactivity in epithelioid sarcoma

Immunostaining Epithelioid sarcoma

Negative (0) 1/24 (4%)

Positive 23/24 (96%)
1+ 6/24
2+ 5/24
3+ 10/24
4+ 2/24

pseudoamplification due to aneusomy/polysomy.
While cyclin D1 protein was upregulated in almost
all cases of epithelioid sarcoma (96%), there was no
evidence of cyclin D1 gene amplification (Figure 4)
as evidenced by FISH analysis. To further investi-
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Figure 4 FISH analysis of cyclin D1 gene status in epithelioid
sarcoma. Multiple red dots, representing multiple copies of EGFR
gene, in each nucleus (a), indicate EGFR gene amplification in a
case of glioblastoma multiforme (GBM), which served as a
positive control for gene amplification. However, only two red
dots, representing two copies of cyclin D1 gene, are observed in
each nucleus of epithelioid sarcoma, indicating an absence of
cyclin D1 gene amplification in epithelioid sarcoma (b).

gate the mechanism underlying the high-level
expression of cyclin D1 protein in epithelioid
sarcoma, cyclin D1 mRNA expression level was
examined by RISH. Although strong staining for
cyclin D1 mRNA was found in highly proliferating
epidermis, there was no staining for cyclin D1 in
neoplastic cells (Figure 5b). In contrast, positive
staining for GAPDH mRNA was found in all sections
examined, including the tumor cells (Figure 5a),
serving as a positive control for preservation of
mRNA, and therefore indicates that these sections
are suitable for RISH.

Discussion

Cyclin D1 participates in cell cycle progression
through G1 phase and transition from G1 to S phase.
The cyclin D1 gene, CCND1, is located on chromo-
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Figure 5 RISH analysis of cyclin D1 mRNA expression in
epithelioid sarcoma. The positive GAPDH mRNA staining is seen
in epithelioid sarcoma throughout the section (a). Whereas cyclin
D1 mRNA is not found in the tumor cells (b).

some 11q13 and is amplified in a wide range of
human tumors. Amplification and/or overexpres-
sion of cyclin D1 have been suggested to play a
crucial role in tumorigenesis in a diverse group of
neoplasms, including mantle cell lymphoma, carci-
nomas of the breast, lung, colorectum, multiple
myeloma, and pancreatic endocrine tumors.'®*+16-23
Although it has been speculated that cyclin D1 may
also be altered in epithelioid sarcoma,” data on
cyclin D1 expression in epithelioid sarcoma are
limited. We found nuclear cyclin D1 protein
expression in 96% of epithelioid sarcoma cases
examined. In one-half of the cases, at least 50% of
the cells showed nuclear expression of cyclin D1,
suggesting a role of cyclin D1 in the pathogenesis of
this tumor.

The expression of cyclin D1 gene is a complex
process and can be regulated at multiple levels.
Amplification/translocation of CCND1 locus can
result in increased expression of both mRNA and
protein levels of cyclin D1. Indeed, in mantle cell
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lymphoma and other B-cell chronic lymphoproli-
ferative disorders and in subsets of multiple myelo-
ma, the chromosomal translocation t(11;14)(q13;32)
results in rearrangement of CCND1 and overexpres-
sion of cyclin D1 protein.">""** However, expression
of cyclin D1 protein is not always associated with
CCND1 locus rearrangements, since high frequen-
cies of cyclin D1 overexpression accompanied by
low incidences of CCND1 amplification have been
reported in several neoplasms including melano-
mas, sarcomas, colorectal and uterine cancers."®*® It
has been suggested that increased transcriptional
activity of cyclin D1 gene may be regulated by
intracellular signaling events leading to activation of
various transcription factors. In fact, several kinase
pathways, such as mitogen-activated protein kinases
(p38 and p42/44 MAPK) and c-Jun amino terminal
(N-terminal) kinase transmit exogenous growth
signals to wupregulate cyclin D1.?®?” Similarly,
activation of the protein kinase B pathway can also
increase cyclin D1 expression through either tran-
scriptional or post-transcriptional mechanisms.?*-%°

In this study, we found there was no evidence of
amplification of the cyclin D1 gene or elevation of
cyclin D1 mRNA in cases of epithelioid sarcoma that
showed strong nuclear cyclin D1 expression. Thus,
overexpression of cyclin D1 protein in epithelioid
sarcoma likely occurs at translational and/or post-
translational levels. It has been reported in an
in vitro study that cyclin D1 protein induction in
the G2 phase of the cell cycle does not require de
novo mRNA synthesis,®" indicating that cyclin D1
protein induction is mainly mediated by a transla-
tional or post-translational mechanism. It has been
suggested that mTOR/PI3 kinase regulated p70S6
kinase-dependent control and/or PI3 kinase/elF4E-
mediated control may participate in cyclin D1
translational control.?*7*® In addition, a study from
human sarcoma cell lines has suggested that over-
expression of cyclin D1 protein may result from
enhanced protein stability due to an altered ubiqui-
tin/proteasome pathway involved in the degradation
of cyclin D1 protein.*” Therefore, it is possible that
translational/post-translational regulation of cyclin
D1 protein may provide a timing fashion for control
of rapid cell cycle progression. The precise mechan-
ism for cyclin D1 protein upregulation in epithelioid
sarcoma remains to be elucidated.

In summary, we report very frequent (96%)
nuclear expression of cyclin D1 protein in epithe-
lioid sarcoma. Since there was no genetic abnorm-
ality detected in the cyclin D1 locus (CCDN1) nor
elevation of cyclin D1 mRNA levels, the expression
of cyclin D1 protein in epithelioid sarcoma is
apparently regulated by translational and/or post-
translational mechanisms. To our knowledge, this is
the first study to evaluate genetic alterations in
epithelioid sarcoma using FISH and RISH. Using
bacterial artificial chromosome (BAC) and array-ba-
sed CGH may help to determine the genes amplified
in the 11q13 region in epithelioid sarcoma.
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