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Abstract Chondrosarcomas are malignant cartilage-
forming tumors that represent the third most common ma-
lignant solid tumor of bone. In patients with grades II and
111, local recurrence, increasing tumor size and dedifferenti-
ation have been associated with lower survival rates. These
biologically poorly-understood neoplasms vary consider-
ably in clinical presentation and biological behavior. Cyto-
genetic studies have shown that heterogeneity is related to
karyotypic complexity; moreover, alterations in the 9p21
locus and 7P53 gene are related to disease progression.
Despite the relatively high frequency of chondrosarcoma
only a limited number of cell lines exist in the scientific
community, limiting the possibility to study hypothesis-
derived research or primary drug interaction necessary for
pre-clinical studies. We report a chondrosarcoma cell line,
CH-3573, derived from a primary tumor that may serve as
a useful tool for both in vitro and in vivo models to study
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the molecular pathogenesis. In addition, xenograft pas-
sages in nude mice were studied to characterize the genetic
stability over the course of tumor progression. In contrary
to other reported cell lines, an important feature of our
established cell line was the retained matrix production, a
characteristic feature of a conventional grade II chondro-
sarcoma. The cell line (CH-3573) was characterized by
pathological, immunohistochemical and molecular genetic
methods.
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Introduction

Chondrosarcomas (CHS) are malignant cartilage-forming
tumors that represent the third most common malignant
tumor of bone after myeloma and osteosarcoma; constitut-
ing approximately 11% of this group of tumors. CHS form a
heterogeneous group of neoplasms and are classified
according to the origin, anatomic location, size of the lesion
and histological grade following the Evans grading scheme
[1]. Conventional CHS are subdivided into grade I, II and
III, based upon cellularity, mitotic rate and cellular atypia.
The histological diagnosis and grading of CHS is frequently
difficult, and the histological appearance does not always
reflect the biological behavior of these tumors [2]. Nearly
90% of CHS are grade I or II, with relatively slow growth
and low metastatic potential, and usually occur in patients
older than 50 years [3]. Conventional treatment of malignant
CHS based on surgery, current chemotherapy drugs and
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radiation therapy are generally ineffective. Furthermore,
there is no treatment available for patients with metastatic
disease or inoperable tumors in the extremities, trunk or
pelvis [4]. For these reasons it is very important to charac-
terize new cell models in order to understand the biological
characteristics and behavior of CHS. To our knowledge,
seven CHS cell lines have been established between 1989
and 2009: one secondary CHS derived from Ollier’s disease,
three grade III CHS and three dedifferentiated CHS; most
are characterized by histopathological, electron microscopy,
cytogenetic and genetic studies [5—11].

Cytogenetic studies have shown that heterogeneity is
related to karyotypic complexity. Common features are fre-
quent occurrence of unbalanced rearrangements leading to
genomic imbalances with losses and gains of certain chro-
mosomes or chromosome regions. Moreover, alterations in
the 9p21 locus and TP53 gene are associated with CHS
progression. The complete loss of TP53 is accompanied by
significant increase in the growth rate, karyotype instability
and lack of genetic response in different tumors [12—-14].

It is therefore important to find other parameters that can
be of help in the stratification of the diagnosis and in the
prognosis of these neoplasms. The aim of the present study
is to describe the histopathological, immunohistochemical,
ultrastructural, molecular biology and cytogenetic studies of
a primary grade II chondrosarcoma; the new cell line estab-
lished from the original tumor; and successive xenograft
passages in nude mice.

Material & Methods
Case Report

A 25-year-old male was referred to our hospital complaining
of pain in the left lumbar area. Computed axial tomography
showed a 14x12x12 cm mass located in the left pelvis,
affecting the iliac vein and causing a pulmonary thrombo-
embolism (Fig. 1). There was no evidence of metastatic
disease at the moment of diagnosis. Due to the location
and the extension, a resection was not performed. A biopsy
was made, establishing a WHO diagnosis of grade II chon-
drosarcoma. Tumor material was collected to perform the
histopathologic characterization, and the ultrastructural and
genetic studies. Moreover, the tumor was inoculated into
nude mice. Neoadjuvant therapy (chemotherapy:
ifosfamide-adriamicyn, temozolomide, gemcitabine-
taxotere, celecoxib and dexamethasone; and radiotherapy)
was administered, but the tumor progressed. Lung metasta-
ses were detected 2 months later and the patient died 1 year
after the initial diagnosis. Approval for the study herein
reported was provided by the institutional review board of
our institution.
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Fig. 1 Representative image of the tumor and the location (CT)

Xenotransplant

Male nude mice, were purchase from IFFA-CREDO (Lyon,
France), kept under specific pathogen-free conditions
throughout the experiment, and provided with vinyl isolates
plus sterilized food, water, cage and bedding. The specimen
for xenotransplant was obtained at biopsy; fragments of
non-necrotic tumor, about 3 to 5 mm® in size, were trans-
planted into the subcutaneous tissue in the backs of two
nude mice. The new tumor transfers were made following
the same procedure as in the initial xenotransplant, and
always under highly sterile conditions. Material from differ-
ent passages was obtained in order to construct tissue micro-
arrays (TMA). Additional material was obtained for electron
microscopy, culture, and frozen sections. A total of 13
passages were made over a period of 26 months.

Cell Culture, Establishment of the CH-3573 Cell Line
and Cytogenetic Studies

Tissue samples from the primary tumor were taken, dissect-
ed under aseptic conditions and immediately immersed in
sterile RPMI 1640 medium (Gibco BRL, Grand Island, New
York) supplemented with 2% antibiotics and 0.05 mg/ml of
gentamicin sulfate. Samples of the tumors were rinsed gent-
ly twice in PBS (Gibco BRL) with 2% antibiotics and
minced; the fragments were disaggregated using 0.2% col-
lagenase type Il for 30 min (Sigma-Aldrich, St. Louis,
Missouri). The suspension obtained was diluted in RPMI
1640 medium supplemented with 20% fetal bovine serum,
1% L-glutamine (200 mM), 1% penicillin (50 U/ml) and
streptomycin sulfate (50 pg/ml) (Gibco BRL). The cells
were then seeded into 25 cm? tissue culture flasks (Nunc,
Roskide, Denmark) containing 5 ml of complete medium,
and maintained in a humidified atmosphere at 5% CO2 in
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air at 37°C. The medium was replaced twice weekly. A
confluent cell layer of the primary culture of the original
tumor was obtained at day 7. Subcultures were then made
with 0.25% trypsin-1 mM EDTA (Gibco BRL). Cells were
stored under liquid N, in culture medium containing 5%
dimethylsulfoxide (DMSO) (Sigma-Aldrich).

Normal growth kinetics were determined by trypsinizing
the cultures in triplicate and resuspending the cells in medi-
um. The viable cells were counted in a hemocytometer by
dye exclusion with 0.1% trypan blue in PBS every 24 h for
4 days. Doubling time of the cell population was estimated
in a logarithmic growth phase.

Cytogenetic analyses were made from a short-term cul-
ture of the primary tumor at 7 days of seeding, and at
passages 4, 7, 14, 22, 33, 38, 46 and 60 of the cell line.
Cells were prepared for karyotyping by incubating actively-
growing cultures with 0.02 pg/ml of Colcemid (Gibco BRL)
for 75 min before harvest. Cells were disaggregated with
trypsin-EDTA (Gibco BRL), exposed to a hypotonic treat-
ment of 0.075 M KCI at 37°C for 20 min, and then fixed
three times with 3:1 methanol glacial acetic acid. Air-dried
chromosome spreads were banded by the Giemsa-trypsin
method. At least 25 metaphases were analyzed in each
sample, and the karyotype was described according to
guidelines of the International System of Human Cytoge-
netic Nomenclature (ISCN, 2005).

Tumorigenicity of the cell line was tested by heterotrans-
plantation in 4- to 6-week-old nude mice with thelst, 40th
and 60th cultured passages. An inoculum of 2x10° cells
suspended in PBS was subcutaneously injected into their
right flank.

To discard mycoplasma contamination, the CH-3573
cells were stained with Hoechst 33342 (5 ug/ml) (Sigma)
for 10 min at 37°C and examined with a fluorescence
microscope at x1000 under oil immersion.

Multicolor Fluorescence in situ Hybridization
(COBRA-FISH)

Cells were isolated from the primary tumor and passages 14
and 20 from the cell line using mechanical and enzymatic
dissociation procedures. The 43-color FISH staining of ev-
ery chromosome arm in different color combinations with
digital imaging and analysis were performed as previously
described [15]. Hybridizations with individual whole chro-
mosome painting probes labeled with single fluorochromes
were used to confirm the detected re-arrangements. Chro-
mosomal breakpoints were assigned by using inverted
images counterstained with 4’,6-diamidino-2-phenylindole
(DAPI) (Vysis, Downers Grove, Illinois) together with the
information derived from the short- and long-arm-specific
hybridization from the COBRA-FISH and FISH mapping
data.

Histopathology and Immunohistochemistry

Three-pm thick sections of formalin-fixed paraffin-
embedded tissue (FFPET) of the primary tumor and succes-
sive xenograft passages were used for conventional hema-
toxylin and eosin (H&E) and immunohistochemistry (IHC)
stainings. A TMA was constructed including the original
tumor and the successive tumor passages from xenografts.
The TMA was assembled using a manual tissue arrayer
(Beecher Instruments, Sun Prairie, WI), incorporating the
two most representative areas of the primary tumor and of
the thirteen xenografted nude mice passages (I mm in
diameter). A review and evaluation of whole sections as
well as TMA sections was performed on hematoxylin and
eosin (H/E) stained slides to study the histological variables.
The THC analysis was performed in primary tumor, culcured
cells and xenografts using the Streptavidin-Biotin-Complex
(sABC) method. The antibodies used are shown in Table 1.
Antigen retrieval was performed by pressure cooker boiling
for 3 min in 10 mmol/L of citrate buffer (pH 6.0). The
LSAB method (DakoCytomation) was used, followed by
revelation with 3,3'-diaminobenzidine. Moreover, Alcian
blue, toluidine blue and PAS stainings were made on TMAs.
Sections were examined and the immunoreactivity was de-
fined as follows: negative, fewer than 5% of tumor cells
stained; poorly positive (+), 5% to 10% of tumor cells
stained; moderately positive (++), 10% to 50% of tumor
cells stained and strongly positive (+++), more than 50% of
the tumor cells stained.

Electron Microscopy

For transmission electron microscopy, tissue was fixed in
glutaraldehyde, postfixed in 1% osmium tetroxide, dehy-
drated in graded alcohols, and embedded in Epon (Poly-
sciences Europe GmbH, Eppelheim, Germany).The samples
were cut into 1 pm-thick sections and stained with toluidine
blue in order to select the most representative areas from the
primary tumor, cultured cells and xenografts by optical
microscopy. Ultrathin sections were examined using a Jeol
100B microscope (Tokyo).

Molecular Biology

Expression studies (RNA-based tests):

We decided to study the cell cycle genes because muta-
tions in these genes were found to correlate with incorrect
cell division and it is well established that they constitute a
frequent event in these neoplasms [14, 16]. Total RNA was
extracted from frozen tissues and cultured cells using TRI-
zol reagent (Gibco-BRL) and the Pure Link RNA Mini kit
(Invitrogen, San Diego, CA, USA) according to the manu-
facturer’s instructions and dissolved in 60 ul of RNAsa-free
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Table 1 Principal characteris-

tics of the antigens used in our Ag Monoclonal/  Clone Dilution  Location Ag. Source
study Polyclonal retroviral

CD99 monoclonal clone 12E7 1:50 cytoplasmic  Yes Dako Cytomation

S-100 polyclonal 1:1000 nuclear No Dako Cytomation

SOX-9 polyclonal 1:100 nuclear No Santa Cruz
Biotechnology

COX-2 polyclonal 1:50 nuclear No Santa Cruz
Biotechnology

P16 monoclonal clone F12 1:100 nuclear No Santa Cruz
Biotechnology

P21 polyclonal 1:50 nuclear Yes Santa Cruz
Biotechnology

P27 monoclonal clone SX53G8  1:50 nuclear No Dako Cytomation

P53 monoclonal clone DO7 1:50 nuclear Yes Novocastra

Ki-67 monoclonal 1:50 1:50 nuclear Yes Dako Cytomation

MDM2 monoclonal 1B10 1:50 nuclear Yes Novocastra

Ezrin monoclonal clone 3 C12 1:250 cytoplasmic ~ No Santa Cruz
Biotechnology

Caveolin  polyclonal 1:200 cytoplasmic  Yes Santa Cruz
Biotechnology

Estrogen monoclonal clone 6 F11 1:40 nuclear No Novocastra

CAM 5.2 monoclonal clone 5D3 1:50 cytoplasmic  Yes Novocastra

EMA monoclonal clone 29 1:200 cytoplasmic  Yes

water. DNA was extracted from 0.10-0.15 g of fresh frozen
tissue and cultured cells using the QIAmp DNA Mini Kit
(Qiagen, Inc., Valencia, CA) following the manufacturer’s
instructions. Once RNA and DNA were obtained these were
quantified by NanoDrop® 1000 spectrophotometer. The
primers for all studies have been described previously
[17]. For the RNA studies, reverse transcription was per-
formed on 200 ng total RNA using the Qiagen OneStep RT-
PCR Kit (Qiagen) using primers described for the EWS-
CHN and TAF2-CHN fusions [18]. The integrity of the
RNA for the RT-PCR was confirmed by amplification of
the [-globin. Moreover, we analyzed the retinoblastoma
alterations [16] and expression of p2/, p27 and D-type
cyclins (D1, D2 and D3) [16] by reverse transcription,
performed on 200 ng total RNA using the High Capacity
cDNA Reverse Transcription Kit (Applied Biosystems, Inc,
Foster City, CA).

Genome tests (DNA-based studies):

Sequencing Analysis, version 5.2 software (Applied Bio-
systems) and the National Center for Bioinformatics Infor-
mation blast tool (http://www.ncbi.nlm.nih.gov/BLAST/)
were used to confirm the mutation sequences using the
following Ensembl (http://www.ensembl.org/Homo
sapiens/index.html) reference sequences for Rb (GenBank
accession number: NM_000321).

DNA was used to analyze molecular alterations of the G1
to S phase cell cycle transition as previously described [17].
dPCR was used to detect homozygous deletion of the 9p21
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locus genes: the presence of homozygous deletion was
confirmed by the loss of the PCR product corresponding
to p1 5™ p16™K* and p14™®F genes with the presence
of microglobulin amplification. The methylation status of
the 5'CpG island in the promoter region of the pl5™**%,
pl16™5* and p14*®F genes was determined using the
Methylamp One-Step DNA Modification Kit (Epigentek,
Bio Nova, Spain) and following the manufacturer’s instruc-
tions. Gene amplification of the MDM2, CDK4, NMYC and
Cyclin D1 genes was determined by dPCR using two sets of
primers, one corresponding to the target gene and the other
to an internal control gene ((-globin).

Identification of 7P53 mutations was performed by direct
sequencing of exons 5 to 8 of the gene on an ABI310
sequencer using the Big Dye Terminator v1.1 kit (Applied
Biosystems, Inc, Foster City, CA). Sequencing Analysis,
version 5.2 software (Applied Biosystems) and the National
Center for Bioinformatics Information blast tool (http://
www.ncbi.nlm.nih.gov/BLAST/) were used to confirm the
mutation sequences using the following Ensembl (http://
www.ensembl.org/Homo_sapiens/index.html) reference
sequences for TP53 (GenBank accession number:
AF307851).

Fluorescence in situ Hybridization (FISH)

The TP53 FISH study was performed to clarify the molec-
ular and THC results. The samples for 7P53 FISH analysis
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(P53 (17P13)/SE 17 Kreatech, Amsterdam, the Netherlands)
were studied by TMA and metaphases of the passage 14 in
the cell line. The slides for FISH were prepared 1 day before
performing the assay. Hybridization and detection of the
hybridization signals were performed according to the man-
ufacturer’s instructions. Counterstaining of metaphases was
done with DAPI. The green and red hybridization signals
were counted in all TMA regions, counting a minimum of
100-200 non-overlapping nuclei. The fluorescent signals
were detected using a Zeiss Axioplan 2 fluorescence micro-
scope and an in situ imaging system Isis (Carl Zeiss Vision,
Oberkochen, Germany).

Results
Morphologic Studies in the Primary Tumor

The histopathology revealed an intermediate grade tumor
with high cellularity, presence of plump cells with double
nuclei, areas with atypical chondroblast and spindle cells.
Tumor cells were suspended in a myxoid/chondroid matrix.
The cells were vaguely arranged in cords and nests, with a
pale, eosinophilic cytoplasm and a round, hyperchromatic
nucleus. Focally, especially in the areas permeating the
trabeculae of the bone, the tumor disclosed a more chon-
droid appearance with a dense, eosinophilic matrix and large
atypical chondrocytes.

The mitotic rate was low, and no necrosis was observed
in the original tumor. Soft tissue infiltrations of chondroid
nests with atypia were detected. The tumor was diagnosed
as central chondrosarcoma Grade II.

Ultrastructurally, the primary tumor showed an abundant
intra and intercellular matrix. A pseudobasal lamina was
found focally, partially surrounding some cells. The tumor
cells had round or slightly irregular-shaped nucleus with pe-
ripheral dense chromatin and large nucleoli. The cytoplasm
contained abundant rough endoplasmic reticulum, arrays of
parallel microtubules, and occasional bundles of filaments.
The cultured cells showed a smooth surface and polygonal
or spindle contour (Fig. 2j). They appeared closely packed to
one another, forming clusters without specific cell-to-cell
attachments or rudimentary tight junctions. The cells had
round or oval nuclei with fine, dispersed chromatin and one
or two prominent nucleoli and a scarce cytoplasm poor in
organelles. Glycogen and intermediate filaments were seen, as
well as numerous small lipid droplets. Matrix production was
observed in all the passages of the CH-3573 cultured cells.

Morphologic Studies in Xenograft Nude Mice

In nude mice inoculated with fragments of primary tumor,
solid tumor masses were observed at 124 days. Thirteen

passages were made over a period of 32 months. Morpho-
logically, the xenografted tumors did not show any signifi-
cant variation compared with the original tumor. In the
initial and middle passages of xenografts the tumor mor-
phology did not change, and an evident chondroid matrix
formation was detected. The matrix formation was retained,
even though the tumor became more undifferentiated in the
later passages, with an increase in the number of atypical
chondrocytes and higher mitotic rate. Ultrastructurally, im-
mature mesenchymal-chondroid cells were seen vaguely
packed in a stroma with flocculent material. The cells had
cytoplasm with isolated vacuoles, lipid droplets, glycogen,
and intermediate filaments. The nucleus was large, with a
round or invaginated contour and fine chromatin. Occasion-
ally, membrane attachments with poorly differentiated des-
mosomes and deposits of amorphous dense material
associated with collagen bands were observed.

The injection of CH-3573 cells into nude mice induced a
visible solid tumor at the site of inoculation after 30 days,
which gradually enlarged. Microscopically and ultrastruc-
turally the tumor presented as conventional CHS, although it
was more dedifferentiated. The cells retained their prolifer-
ative activity. Intratumoral blood vessels and some necrotic
areas were present (Figs. 3 and 4).

Cytogenetic Studies

In the original tumor 25 metaphases were counted: 11 meta-
phases were in the hypodiploid range with a modal chromo-
some number of 37 and displayed several chromosomal
anomalies and 14 metaphases revealed a normal male kar-
yotype. In the first xenografted passage, 12 metaphases
were counted with similar anomalies of the original tumor
and polyploidization (~20%). The karyotype of the different
passages was analyzed, observing a polyploidization in the
majority of metaphases showing a modal chromosome num-
ber of 74 (~90%). We observed loss of chromosomes 2, 4, 5,
10, 12, 13, 15, 17, 19 and 22; and complex structural
rearrangements affecting chromosomes 1, 5, 6, 8§, 11, 13,
14, 17, 18, 19 and 20. High chromosomal instability was
observed with chromosomal loss and numerous structural
rearrangements.

COBRA-FISH Studies

Based on G-banding and the COBRA-FISH studies the
karyotype of the cells could be formuled as follows: 32-
38,X,der(V)t(Y;19)(p11;p11),der(1)t(1;16)(p12;pll),der
(1;22) (q10:;q10)t(3;22)(q;q)t(3;15)(q?:q?),der(2)t(2;7:8)
(p13;7;923),der(3;6)(q10;q10)t(6;12) (q27;q24.3),-4,der(5)
t(5;13)(p10;p10),-6,i(8)(q10),der(8)t(8;19)(p23;p13),der
(10;17) (p10;p10),-11,der(12)t(11;12)(p13;q13),-13,ider(13)
(13q31::2p::17?7::13q10::13q10 ::13q?::2p?::17?::13q??::

@ Springer



798

S. Calabuig-Farifias et al.

Fig. 2 Principal characteristics
of our Chs. First and second
rows: primary tumor, a
H&E10X, b H&E 40X, (c)
SOX-9 moderate positivity
40X, d S-100 moderate posi-
tivity 40X, e ezrin intense pos-
itivity 40X, f Ki-67 expression
<10%. Third row: initial g, in-
termediate h and final i nude
mice passages at 40X. Bottom
row: cell line in culture at pas-
sage 8 at 10X j, SOX-9 intense
positive k and p53 FISH in
metaphase 1

1q23-qter),der(14)t(14;15)(q32;q11),-15,-15,-16,-17,der
(17;17) (q10;q10)t(16;17)(q21;q12),-18,-19,der(20)t(10;17)
(p;p1Dt(10;20)(?2;p11),der(21)(7;21) (q31.2;q22.3),-22/

idemx2 (Fig. 3).

Fig. 3 COBRA-FISH of the
primary tumor and
heterozygous mutation in p53
a. Homozygous mutation in
p53 and COBRA-FISH in the
passages b
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Immunohistochemical Characterization

The primary tumor, the xenografts and the cell line all
expressed SOX-9, CD99, ezrin, MDM2, COX2 and Ki-67.
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Fig. 4 Electron microscopy,
primary tumor a-b showing the
ground substance, residual
bodies, lipid droplets and
endoplasmic reticulum.
Xenograft passages c-d
showing collagen synthesis and
cytoplasmic inclusions. Culture
cells e-f with inclusion bodies,
secretory activity and lipid
production

However, p53, S-100, EMA, CAM 5.2, estrogen, caveolin-
1, P27 and P21 were not expressed (Fig. 2) (Table 2).
Toluidine blue and Alcian blue staining confirmed the pres-
ence of matrix production in the original tumor and succes-
sive xenograft passages.

Molecular Biology Studies

Analysis of RNA by RT-PCR did not reveal an EWS-CHN
product in any of the samples analyzed. No homozygous
deletion of the 9p21 locus genes (pl6™%*, P14*%" and
P15™%*B) \as found in any of the samples. No hyperme-
thylated status in the 5°CpG island of the p16™%*, p14***
and P15"™%*" genes was detected. No genetic amplifications
of NMYC, MDM?2, CCNDI or CDK4 and RBI mutation
genes were observed in any of the analyzed samples. Muta-
tional status of 7P53 showed a deletion of the second T in
codon 201 in exon 6 which produced a STOP codon at 246
and correlated with the loss of p2/ WAF1/Cipl gene expres-
sion. This mutation was heterozygous in primary tumor
and first passage of xenografts and cell line, and homo-
zygous in other passages, both in xenografts and the cell
line (Fig. 3).

Fluorescence in situ Hybridization

TP53 was studied by FISH because chromosome 17 pre-
sented multiple anomalies in the karyotype as well as a
mutation in exon 6. This analysis demonstrated one red
signal that corresponded to the 7P53 gene, and two green
signals corresponding to the centromeric chromosome 17 in
the primary tumor and first passages; as well as double red
signals corresponding to gene 7P53 and four green signals
corresponding to the centromeric chromosome 17 in the
remaining passages, all of which had a duplicate karyotype
(Fig. 21).

Discussion

We describe the establishment and detailed characterization
of a grade I CHS cell line (CH-3573) with abundant matrix
production which was maintained in the xenografts after
several passages in vivo and in vitro. The histopathology,
immunohistochemistry and electron microscopy results did
not reveal any significant variation between the original
tumor, subsequent xenografted passages, cell line passages
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Table 2 Immunohistochemical results in the primary tumor; initial, middle and last passages of the nude mice; cell line (CH-3573) and inoculated

cell lines in nude mice (465 cell line)

IHC Primary tumor 465-1 Initial nude 465-6 middle nude 465-13 final nude CH-3573 465-cell line
SOX-9 +H+ - - +H+ -+ -+
KI-67 + + + SRR -+ -+
P53 — - - - _
CD 99 ++ ++ - ++ +++ +++
EZRIN +H - - o+ ot ot
$-100 + + - + + .
MDM-2 - - + + _ .
CAM 5.2 - - - - — _
EMA - - - - - _
ESTROGEN - - - — - _
CAVEOLIN - - - - — —
P21 - - — - — _
P27 ++ ++ - - _ _

and inoculation cell line in nude mice. Although cell lines
are described from high-grade or undifferentiated CHS
[8—11], to our knowledge, no report has so far described
the establishment of a cell line from a grade II CHS with
preserved matrix production. A cell line with these charac-
teristics represents an excellent model for gaining knowl-
edge in the pathogenesis and biology of this neoplasm and
could constitute a useful method for identifying potential
targets for directed therapies which could improve the out-
come of CHS patients.

Cytogenetic studies have revealed considerable heteroge-
neity with respect to karyotypic complexity. CHS karyo-
types may range from simple numerical changes to
abundant, complex numerical and structural abnormalities
[19, 20]. Despite this heterogeneity, however, involvement
of certain chromosomal bands or regions seems to be recur-
rent. The following imbalances were detected in aberrant
CHS: loss of chromosomes or chromosomal regions 1p36,
Ip13~p22, 4, 5q13~q31, 6q22~qter, 9p22~pter, 10p,
1024 ~qter, 11p13~pter, 11g25, 13q21~qter, 14q24~qter,
18p, 18q22~qter, and 22q13 and gain of 7p13~pter, 12ql5
~qter, 19, 20pter~ql1, and 21q [10, 20]. Abnormalities of
9p and extra copies of chromosome 22 are prominent in
central CHS versus peripheral CHS [21]. Previously, chro-
mosomal aberrations of 6q13~q21 have been proposed to
correlate with locally aggressive behaviour in both benign
and malignant cartilaginous neoplasms [4]. Mandahl et al.
have reported loss of material from 13q as a predictor of
metastasis, regardless of tumor size or grade [20]. Due to the
heterogeneity and complexity of the CHS karyotype, there
are no single characteristic numerical or structural rear-
rangements, alterations or anomalies in grade II CHS, with
the exception of extraskeletal myxoid CHS. However, the
copy number imbalance does not affect metastasis or tumor-
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associated death [22]. Malignant transformation and pro-
gression of cartilage tumors seems to be associated with an
increasing incidence of clonal chromosome aberrations,
reflecting the multistep process of tumor development, in-
volving activation of oncogenes, loss of tumor suppressor
genes, and secondary or tertiary genetic alterations. In the
present case, the cytogenetic studies showed that the prima-
ry tumor had a hypodiploid karyotype and consecutive
polyploidization in the primary passages of the cell line as
well as the xenografts. CH-3573 presented losses of chro-
mosomes, complex structural rearrangements and clonal
numerical abnormalities. For the identification of these com-
plex structural rearrangements we used a multicolour-FISH-
based karyotyping tool (COBRA-FISH). It is very important
to use complementary techniques to explain tumor progres-
sion in the different types of neoplasms and patients. Only
chromosomes 1q, 7, 9 and 18 were disomic in our case. In
more than one-fourth of the investigated cases of CHS, the
regions affected by chromosomal imbalances included gain
of parts of chromosomes 5, 12 and 19 to 22 and loss of parts
of chromosomes 1, 4, 6, 9 to 11, 14, and 17 and the whole
chromosome arm 13q; although these regions most probably
harbour genes of importance for chondrosarcoma develop-
ment [19, 20].

In CHS, abnormalities of chromosome 1 have been
reported as being the most common secondary alteration.
However, it is important to note that rearrangements involving
chromosome 1 have been frequently observed in several other
tumor types such as leiomyosarcomas, colorectal adenocarci-
nomas, and breast carcinomas, most frequently resulting in the
loss of terminal 1p segments [19]. Other reported alterations in
order of frequency would be chromosome 16, 22,3 15 and 21.

A recurrent amplicon was also identified in 11q22.1-
q22.3, affecting a region harboring a cluster of MMP genes,
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which encode matrix metalloproteinases. We observed ma-
trix production in the primary tumor, xenografts and cell
line, however, karyotyping showed loss of one chromosome
11 and a derivative chromosome 11 of translocation be-
tween chromosome 11 and 12, der(12)t(11;12). We con-
firmed with karyotyping and molecular biology that no
amplification of 12q13 region was present. This region has
several genes important in cell cycle control including
CDK4 and MDM?2, although this region correlates with high
histological grade [23, 24].

Genetic mutations in the regulatory genes implicated in
cell cycle control can be considered to target one of two
critical pathways: the Rb pathway that regulates G1/S-
phase transition and p53 pathway that induces growth
arrest or apoptosis in response to either DNA damage or
inappropriate mitogenic stimuli. Molecular alterations of
the integrating elements of either pRb, p53, or both path-
ways suppress their normal function, abrogating regulation
of cell cycle transition from GI to S-phase and driving
cells to proliferation.

A key regulatory function of the P53 gene, the ability to
arrest the cell cycle, occurs with proper activation of the
retinoblastoma (RB1) pathway. Studies for LOH on 13q and/
or RBI gene mutations in CHS are scarce [25-27]. In one
study, a significant association between local recurrence and
LOH on 13q was seen in grades [-II CHS. (25] Our case had
a loss of chromosome 13 and at 2 months metastasised to
the lung. It has also been suggested that loss of 13q is a
factor of worse prognosis [20], and exerts an influence
regardless of tumor size or histopathologic grade. This pa-
rameter could be important in identifying patients who
require intensified treatment. However, in this case, the
PRbD (13q14.2) level was normal, without mutations; possi-
bly because the unidentified marker in the karyotype con-
sisted in part of the chromosome 13q14.

Cyclin-dependent kinase (Cdk) inhibitory molecules are
capable of blocking pRb phosphorylation; in our case no
alteration was observed in CDK4 or Cyclin DI. Deletions of
the pl6 (CDKN24) gene and/or the pl5 (CDKN2B; alias
MTS?2) gene, members of the Cdk inhibitory molecule fam-
ily, have been observed in a small subset of primary CHS
and CHS cell lines.[28-30] Moreover, genomic loss of the
chromosomal locus for the pl6 and p15 genes, located at
9p21, has been detected by CGH analysis, though in a small
number of cases (10%) [22, 24], and is frequently rear-
ranged cytogenetically, particularly in central CHS [21].
Changes in p/4ARF do not play a primary role in CHS
[31]. Although amplifications and homozygous deletions
were relatively infrequent findings, these mechanisms seem
to be important in a subset of grade III CHS. In our cases,
the deletions and methylation of the 9p21 (p16™%*, p144%F
and P15™%*) were exhaustively analysed. The loss of
function in the encoded protein is an infrequent finding

in CHS, in line with this fact, no alteration was detected
in our cases, indicating that in many aspects this cell line
represents CHS with more frequently-occurring genetic
profiles [32]. Furthermore, it is noteworthy that the in-
trinsic resistance of chondrosarcoma cells to radiation
therapy has been suggested to be in part due to loss of
this region [33].

Mutation screening of the TP53 gene revealed a deletion
of the second T in codon 201 in exon 6 resulting in a STOP
codon at 246. From all tested tumor suppressor gene and
oncogene alteration (mutation/deletion, gains) alterations of
TP53 were the only positive finding in our cell line. Muta-
tion of this gene has been found in a subset of CHS and is
mostly associated with aggressive behaviour [34]. In the
karyotype study of primary tumor two copies of rearranged
chromosome 17 were present; furthermore a hemizygous
deletion of the 7P53 allele was detected by locus specific
FISH. In the primary tumor a low percentage of normal
signals (7P53 and centromere of chromosome 17, 2:2) was
observed; indicating that the 7P53 status was already bi-
clonal of the primary tumor sample. In the xenograft cell
line tumor cells carrying a hemizygous loss of one allele and
mutation of the other allele resulting in complete inactiva-
tion of the p53 occurred. This clonal evolution of the more
aggressive clone which carries a homozygous inactivation
of the TP53 gene was accompanied by a significant increase
in the growth rate and gain of karyotypic instability. In our
case, the 7P53 mutation produced a mitogenic signalling
and consequently a hyperdiploid population was estab-
lished in culture, originating from the hyperdiploid clone
through endomitosis or endoreduplication. This fact sug-
gests that polyploidization, common in CHS, is an evo-
lutionary pathway and has been associated with further
progression toward high-grade CHS [35]. As with our
other cell line, CH2879, polyploidization, occurring in
the first passage of the xenotransplanted tumor and early
in the cell line, would represent, by the acquisition of
two copies of the monosomic chromosomes, a selective
advantage for those cells that have undergone extensive
loss of heterozygosity [10].

In conclusion, we report the establishment and detailed
molecular, genetic and functional characterisation of a new
grade II CHS cell line (CH-3573) with retained matrix
production capability. This sample may serve as an impor-
tant tool for additional studies related to tumorigenesis, drug
response, immune response, angiogenesis and in vivo/in
vitro differentiation studies.
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