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ABSTRACT

The Swarm rat chondrosarcoma is a tumor tis-
sue line derived from a tumor that arose sponta-
neously in a Sprague-Dawley rat. The original tis-
sue has given rise to several tissue lines and cell
lines that have been prepared in different labora-
tories. It has been observed that these lines dif-
fered in their growth rates and biochemical char-
acteristics. We have characterized our Swarm rat
chondrosarcoma tissue and cell lines currently in
use in terms of their cytogenetic profiles and their
tumorigenic properties in vivo. We found a wide
variety of chromosomal abnormalities among cell
lines, including translocations, deletions and poly-
ploidy. There were also significant differences in
their growth properties in vivo, giving rise to tu-
mors of a few milligrams in the case of Ng cells,
to 35 grams in the tissue line JWS. The cytoge-
netic complexity of the Swarm rat chondrosarcoma
between and among different lines makes it very
suitable to address questions about the changes
that occur as a result of karyotypic abnormalities
and to provide links between cytogenetic abnor-
malities and the dynamic oncogenic machinery.
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INTRODUCTION

Chondrosarcoma represents the second most com-
mon primary malignant skeletal tumor, comprising up
to 24% of all bone tumors. Despite the new advances in
adjuvant therapy, surgical resection is the only effec-
tive standardized treatment. Chondrosarcomas do not
respond to chemotherapy or radiation therapy, there-
fore, metastatic disease in these tumors is rarely ame-
nable to curative treatment. The five-year survival for
patients with grade Il tumors is only 29%. To improve
survival rates in patients with high-grade chondrosar-
comas, a better understanding of its biology is neces-
sary.

The Swarm rat chondrosarcoma? is a tumor tissue
line derived from a tumor that arose spontaneously in a
Sprague-Dawley rat.® It has been maintained through
the years by serial subcutaneous transfer from rat to
rat. Histologically, the tumor is a well-differentiated
chondrosarcoma with mild-to-moderate cellular atypia.
Interestingly, several tissue and cell lines derived from
this primary tumor are available in a number of labora-
tories. These tissue and cell lines have been the sub-
ject of extensive biochemical studies on extracellular
matrix molecules and chondrocyte metabolism.**’

We have previously reported a comprehensive gene
expression profiling on a tissue line (JWS) of the Swarm
rat chondrosarcoma.'? This tissue line grows very ag-
gressively when injected subcutaneously, reaching up
to 35 grams about four weeks after injection. A survey
of some of the groups that have been maintaining other
lines of this tumor revealed that the various cell and
tissue lines exhibit a wide variation in tumor growth
and extracellular matrix metabolism. In this study, we
evaluate the cytogenetic and in vivo tumor growth char-
acteristics of several tissue and cell lines of Swarm rat
chondrosarcoma to determine if the variation in tumor
behavior can at least in part be accounted for by varia-
tions in karyotype.

MATERIAL AND METHODS
Swarm Rat Chondrosarcoma Tissue Lines
and Cell Lines
Two tissue lines (TGO and JWS) and four different
cell lines (LTC 86, LTC 93, Rex, and Ng)” were used.
The TGO and JWS are tissue lines derived from the
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TABLE 1

Chromosome numbers in Swarm rat chondrosarcoma

chromosome count
source |<42 | modal# | diploid |43 | 70 | <75 | 84 |78-89 | <82 |74-82 | 82-84 |>84| 86-90| 90-100 | ~160 | total
TGO 1 4 1 1 2 9
JWS 5 26 4 6 12 53
Rex 15 3 2 20
Ng 6 9 5 20
LTC86 96 3 3 19 25
LTC93 7 4 11 5 20
TABLE 2
Chromosomal rearrangements in Swarm rat chondrosarcoma
Chromosome TGO JWS Ng Rex LTC86 LTC93
1 -1, -1 der(1) der(1) -1, t(1qg;11)
2 +2 -2, add(2p) -2, t(19;2)
3 -3, i(30), -3,-3,-3 -3,-3,i(3q) add(3p), -3,-3,
t(3q;11)x2 (3g;11), ?add(3q)
+t(3q;11)x2
4 +i(4q), +4 +add(4q), +4, +4, -4, 2der(4), i(4q)
add(4q)x2 +add(4q)x2 +add(4q), i(4q)
+t(4q;11)
5 -5,-5 -5, -5, -5, -5, add(5p), -5, -5, -5,
add(5p)x2 t(50;8) t(50;8) t(50;8)
6 -6, i(6q) add(6q) -6, i(6q) -6 -6
7 add(7p)x2 -7 -7, 1(79;9) +7, +t(70;8),
+add(7p) add(7p),
t(79;?9)
8 add(8p), -8 -8, 1(8q;X) -8, -8 +8 -8, -8, -8, 8?
t(89;10)
9 -9 -9 -9 t(99;11) -9, -9 -9,-9, 9?
10 -10, -10, -10 -10 +10 -10 t(10q;11)
11 -11 +11, -1, -11, add(11p) +add(11q)
+add(11q) add(11p) X2
12 -12 -12, -12 -12, -12 -12,
add(12q)
13 i(13q) -13 -13, del(13q) -13, -13,
add (13p) ?add (13p),
add (13q)
14 -14,-14,-14 add(14q) -14, 14 i(14p)x3 add(14q)
15 -15,-15 -15, -15, add(15p) -15, -15 -15, i(15g)x2 -15, add(15q),
i(15q)
16 -16,-16 -16 -16, -16
17 -17,-17 -17, -17 -17, -17 +17 -17, -17, -17
18 -18,-18 -18 -18, -18 -18, -18
19 +19,+19 -19 +19, +19 -19, -19, -19
20 -20, -20 add(20q) -20
markers 5 0 16 16 13 15
X XXXX, t(X;8) XX XX XX XX X, t(Xq;4)
Y Y YY YY YY YY Y?Y?
136  The lowa Orthopaedic Journal




Swarm rat chondrosarcoma tumor and they have been
maintained by serial subcutaneous injections. The LTC
line which can be propagated entirely in vitro was de-
rived from long-term culture of rat chondrosarcoma
tumor tissue with repeated selection for non-adherent
or floating cells. Continued propagation of this line led
to several variant cell lines as well as a few clonally
derived cell lines.” LTC 86 was from an early passage
in 1986, while LTC 93 was from a passage seven years
later in 1993. Rex and Ng were lines cloned from the
LTC parent line.

Tumor Induction and Tumor Growth
Measurement

Animal care protocol was approved by the Univer-
sity of lowa. Male, four-week-old Sprague-Dawley rats
were used. Tumor induction was performed by injec-
tion of the tissue line or cell line subcutaneously on both
sides of the lumbar spine (2 injections per animal). For
tissue lines (TGO and JWS), 40-50 ml (~5 x 10° cells) of
tumor slurry® was used. For cell lines, 1 x 107 (LTC 86,
LTC 93, Rex, Ng) in 0.5 ml of Dulbecco’s Modified Eagle
Medium was used for each injection. The animals were
euthanized 35 days post injection in the case of tumor
slurries and at 70 days after injection of tissue-cultured
cell lines. The tumors were removed, weighed, and pro-
cessed for histology as previously described.'® A
necropsy was performed to establish the presence or
absence of metastases.

Cytogenetic Analysis

The cytogenetic techniques used for chromosome
analysis have been described previously.” Aseptically
collected 1- to 2-cm® samples were mechanically and en-
zymatically disaggregated® and cultured in RPMI 1640
medium supplemented with 20% fetal bovine serum, 1%
penicillin/streptomycin, and 1% L-glutamine for one to
ten days. Three to eight hours before harvest, cells were
exposed to colcemid (0.02 mg/ml) to achieve metaphase
arrest. After incubation in hypotonic solution, the prepa-
rations were fixed three times with 3:1 methanol:glacial
acetic acid, and dropped onto water-rinsed slides. Chro-
mosomes were stained by the GTW (G-bands by trypsin
using Wright's stain) banding method. The chromo-
some number was determined by microscopic analysis
and cells were examined for the presence or absence
of detectable structural rearrangements. Karyotypes
were prepared from digitized images of these
metaphases. When possible, about 15-20 metaphases
were scored (counted and checked for markers) for
each specimen. However, a detailed analysis and com-
plete karyotype were only performed on a small num-
ber of the cells (minimum of two) from each sample. In
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some cases, there was only a limited characterization
of structural abnormalities, due to the complexity of the
karyotypes. Normal male rat cells were used as con-
trols. Karyotypes were based on the nomenclature rules
for rat chromosome G-bands.? The system for rat chro-
mosome nomenclature closely follows the international
system for human cytogenetic nomenclature.?

RESULTS
Karyotype Analysis

The results of the cytogenetic analysis from the dif-
ferent Swarm rat chondrosarcoma tissue and cell lines
are presented in Tables 1 and 2. Abnormal karyotypes
were observed in all cases. No cultures contained any
de-differentiated cells.

TGO cells were the only cells demonstrating a very
slow growth when cultured for cytogenetic studies. Five
cultured flasks were used for analysis. Only a limited
number of cells were available for analysis after mul-
tiple attempts to obtain dividing cells. Nine cells were
counted; five cells were in the diploid range (37-42 chro-
mosomes); and four cells were in the hypertriploid to
tetraploid range (70-84 chromosomes). Several chromo-
somal abnormalities were observed in this tissue line,
including deletion of chromosomes 1, 5, 9, 10, 11, 12,
14-18; i(3q); t(3q;11)x2; +i (4q); -6, i(6q); add (7p)x2;
t(80;10); i1(13q); +19; and XXXX, t(X;8).

JWS cells (53 examined) demonstrated that the ma-
jority of cells (26) were diploid, with 42 chromosomes,
or near-diploid (nine cells), with 40-43 chromosomes.
Six cells were in the tetraploid range, with 78-89 chro-
mosomes. The remainder of the cells were in the
hypertetraploid to hypopentaploid (90-100 chromo-
somes) range. There was no evidence of structural ab-
normalities.

LTC 86 cells (25 examined) demonstrated 12 cells
in the near-tetraploid range, with 74 to 94 chromosomes.
The remaining 13 cells were in the hypopentaploid
range, with 95 to 99 chromosomes. The modal chro-
mosomal number was 96. Numerous structural rear-
rangements and marker chromosomes were present
(Table 2).

LTC 93 cells (20 examined) demonstrated four cells
in hypertriploid range, with 70 to 73 chromosomes. The
remaining 16 cells were in the near-tetraploid range,
with 75 to 84 chromosomes. The modal chromosomal
number was 77. Numerous structural rearrangements
and marker chromosomes were present (Table 2).

Rex cells (20 examined) demonstrated 18 cells in the
near-tetraploid range, with 76-82 chromosomes. Two
cells were octaploid, with approximately 160 chromo-
somes. Numerous structural rearrangements and
marker chromosomes were present (Table 2).
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Figure 1. Histopathological features of the Swarm rat chondrosar-
coma. Note a well-differentiated chondrosarcoma with mild to
moderate cellular atypia. Safranin O staining, 400x

Ng cells (20 examined) had chromosome counts in
the hypertriploid to hypertetraploid range, with 69-86
chromosomes. Numerous structural rearrangements
and marker chromosomes were present (Table 2).

In vivo Tumor Growth

Tissue lines and cell lines were injected subcutane-
ously into both sides of the lumbar spine. The animals
were sacrificed 35 or 70 days post injection. The tumor
lines were of a well-differentiated chondrosarcoma with
mild cellular atypia (Figure 1). The tumors were
weighed. It was found that there was a great variability
in tumor growth among cell lines (Figure 2). JWS grew
up to 35 grams of tumor in most cases, more than dou-
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Figure 2. In vivo tumor growth of the different tumors and cell
lines.

bling the size of the TGO-induced tumors. Both LTC
and Rex grew moderately-sized tumors (3 grams). How-
ever, Ng cells did not result in much tumor growth
(about 60 mg). There was no evidence of metastases in
any of the tissue or cell lines.

DISCUSSION

Swarm rat chondrosarcoma is one of the most use-
ful cell culture systems for the study of cartilage me-
tabolism. The cells grow very reliably under many cul-
ture conditions and they produce great amounts of
extracellular matrix. In addition, when injected into the
subcutaneous tissue or into the bone, they behave in a
manner closely resembling the behavior of human chon-
drosarcoma.

Since the isolation of the tumor in the 1960’s, many
laboratories have maintained tissue lines and cell lines
for experimental work. Due to investigator preferences
and to differences in experimental designs, a selection
in cell populations has occurred over the years. Since
many of the biochemical extracellular matrix character-
istics have been very consistent among laboratories, and
because the cells came from the same original tumor,
it has been assumed that these tissue and cell lines were
similar.

However, in this study, we observed that the karyo-
types and in vivo tumor growth of several tissue lines
and cell lines were very different. The cytogenetic analy-
sis also demonstrated a wide range of numerical and
structural abnormalities among the lines. While caution
must be used in comparing the significance of chromo-
somal differences among the cell lines due to the lim-



ited number of cells that were completely karyotyped
because of the complex chromosome constitution, some
differences were found. For instance, the two tissue
lines (TGO and JWS) have complex cell populations
with cells in hypodiploidy and other cells in pentaploidy
(cells with >100 chromosomes). However, TGO cells
demonstrated several chromosome deletions and nu-
merous structural abnormalities that were not present
in JWS. Interestingly, the karyotypes of the LTC cell
subclones (Ng, Rex) indicate that these cells are related,
with the later LTC (1993) clone having fewer chromo-
somes but more stable cell counts than the earlier clone
(1987).

The in vivo tumor growth varied from just a few mil-
ligrams in the case of the Ng cells up to 20 grams of
tumor in JWS. Interestingly, the in vitro growth of the
different tissue and cell lines demonstrate the same
growth curves (data not shown). There was no evidence
of metastases in any of the cell lines when injected sub-
cutaneously.

The present view of malignant transformation and
tumor progression requires the accumulation of mul-
tiple genetic alterations such as chromosomal abnor-
malities, oncogene activation, loss of tumor suppressor
genes, or abnormalities in genes that control DNA re-
pair and genetic stability. This view correlates with the
increasing complexity of karyotypes seen during tumor
progression. Importantly, in malignant human cartilage
tumors, a strong cytogenetic-pathologic correlation be-
tween complex karyotypes and high-grade chondro-
genic tumors has been reported. The cytogenetic com-
plexity of the Swarm rat chondrosarcoma model,
therefore, makes it very suitable for experimental work
designed to address questions on the changes that oc-
cur as a result of the DNA abnormalities and to pro-
vide links between genetic abnormalities and the dy-
namic oncogenic machinery. Further studies will take
advantage of micro-array hybridization technology and
SAGE technology to increase our understanding of the
biology of chondrosarcoma, and that might allow the
development of more specific and targeted therapies.
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