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from total RNA by chromatography on poly(U)-Sepharose
(Pharmacia Fine Chemicals, Inc., Piscataway, N. J.) and sedi
mented in denaturing sucrose gradients [5 to 20% sucrose
50% (v/v) formamide] as described elsewhere (3).

Hybridization with [3H]Poly(U). The presence of poly(A)
sequences in RNA was confirmed by hybridization with [3HJ
poly(U) according to the method of Gillespie et a!. (10). After
the RNA samples were incubated with [3H]poly(U) for 24 hr at
36Â°,they were incubated with pancreatic RNase for 2 hr at
30Â°. Radioactivity was determined following trichloroacetic

acid precipitation at 0Â°.

RESULTS

The tumor was originally described as an osteogenic tumor
that arose spontaneously in an adult female Sprague-Dawley
rat (1 1). The initial tumor had chondroblastic components that
resembled a cartilage neoplasm. After repeated transplantation
of the tumor, only its chondrocytic elements persisted. At
present, the tumor is clearly a chondrosarcoma with no other
elements such as bone or osteoid present. The chondrosar
coma is routinely maintained by serial transplantation every 4
to 6 weeks, by which time it normally has reached an average
weight of 15 to 20 g. No spontaneous regressions occured,
and no metastases were detected in the host during autopsy.
The incidence of tumor formation following host inoculations is
over 90%. (With the transplantation of several small pieces of
tumor tissue s.c. , the percentage of animals that developed a
tumor was virtually 100%.)

Gross Morphology. The tumorwas usuallypink, translucent
to opaque, grossly poorly vascularized, nodular, and with oc
casional cysts. The tissue was soft and not as firm as normal
cartilage. Occasionally, a nidus of calcification was found,
usually associated with hemorrhage and necrosis. (True os
teoid was never observed microscopically.)

Histology. The tumor had an appearance typical of a malig
nant chondrosarcoma and was divided by septa into nodules.
Within 1 to 2 weeks after transfer, the tumor grew to 2 to 4 mm
in diameter. As the tumor enlarged, the traversing septa ap
peared to decrease relative to the bulk of the tumor. This is
documented in Fig. 1, from tumor tissue examined at 2, 4, and
6 weeks after transplantation, respectively. When the tumors
were allowed to grow for more than 6 to 7 weeks, the centers
of nodules began to become necrotic, and there was an in
creased incidence of hemorrhage within the tumors.

The septa dividing the tumor contained cellular elements that
differed markedly from those of the fibrous capsule. The latter
contained typical fibroblast-like nuclei which could be observed
after hematoxylmnand eosin staining (Fig. 2A) but which were
not apparent after staining with silver (Fig. 2B). Type I collagen
fibmilsare also apparent in Fig. 2B.

A gradient of cell size was present from the periphery of the
nodule to the center (Figs. 3 and 4). Cells at the periphery of
nodules tended to be smaller; the nuclei were more uniform,
and the chromatin was more dense. At the center of nodules,
more matrix was present, increasing the space between cells;
nuclei were larger; and the Golgi apparatus was more pro
nounced. Themewas also a greater number of vacuoles in cells
at the center of nodules than in cells at the periphery. Few
mitotic figures were present within the nodules. It appeared
that nodules increased in size by several mechanisms. Towards

the center of a nodule, individual cells were larger, with a
concomitant increase in matrix components. The nodules also
appeared to grow by proliferation of cells, particularly at the
periphery of the nodules. The vasculature of the tumor was
generally restricted to the septal areas.

The matrix of this neoplasm stained in a manner similar to
that of cartilage with alcian blue and periodic acid-Schiff stains.
Although the extracellular matrix contained the highest con
centrations of positively reacting substances, increasing
amounts of staining was detectable intracellularly in cells at the
center of nodules, suggesting an accumulation of secretory
materials.

Elastin stains were particularly effective in revealing nuclear
details in this tumor (Fig. 3). Cells with large, abnormal nuclei
and multinucleated cells with marked nuclear atypia were evi
dent.

Immunofluorescence. The nonspecificityassociated with
most staining procedures for light microscopy was partially
overcome by using immunofluorescence techniques. We ex
amined tumor slices with immunofluorescence stains using
antibodies prepared against the various types of collagen.
Frozen sections (6 @zm)of the chondrosarcoma were treated
with antibodies against type I, II, and Ill collagens. The chon
drocytes and lacunar spaces showed fluorescence only with
type II antibodies, confirming that these areas contained only
cartilage-specific type II collagen (Fig. 5A). After the tumor
slices were treated with hyaluronidase, fluorescence was also
observed within the cartilagenous matrix in the extracellular
areas (Fig. SB). Apparently, the proteoglycans and glycosa
minoglycans associated with collagen in the extracellular ma
tmixprevented reaction with the specific antibodies unless a
portion of the carbohydrate moieties was digested with the
hyaluronidase (20). Positive staining for type I and Ill collagens
was present only in the surrounding capsule and within the
septa separating the tumor nodules (Fig. 5, C and D, respec
tively).

BiochemicalAnalyses. Biochemicalcharacterizationsof the
tumor were accomplished by using primary cell suspension
under short-term culture conditions for analysis of macromo
lecular synthesis. In the course of these experiments, various
procedures for tissue disruption were compared. The most
important considerations were yield and viability of cells, as
well as time needed for handling the tissue. Collagenase treat
ment combined with tissue disruption in a glass Oounce ho
mogenizer improved the procedure considerably, and the ad
dition of hyaluronidase further accelerated digestion. Since the
material could be homogenized only after 60 to 90 mm of
pretreatment with enzyme, tissue disruption with sonication
and homogenization (Polytron Apparatus; Brinkmann Instru
ments) before digestion was attempted. The tissue was dis
pensed directed in about two-thirds of final enzyme solution.
Disruption was accomplished with the Polytron at the lowest
possible setting for 20 to 30 sec. In most experiments, incu
bation for 2 hr at 37Â°in the presence of collagenase and
hyaluronidase was sufficient to disintegrate the tissue com
pletely into a suspension of single cells. When this procedure
was used, cell damage was not apparent microscopically, and
the yield of viable cells as determined by trypan blue exclusion
was optimal.

An important criterion for the maintenance of in vivo function
of isolated cells was to demonstrate the synthesis of type II
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collagen in suspensions of these cells. Cell suspensions were
washed twice with medium containing 10% fetal bovine serum,
washed once with incubation medium, and then incubated for
18 hr in the presence of [3H]proline. The incubation was ter

minated by chilling the cell suspensions on ice, and the labeled
collagen was then extracted from the combined medium and
cell fraction. After extraction, repeated salt precipitation, and
dialysis of the labeled collagen, the sample was chromato-
graphed on DEAE-cellulose to remove all the proteoglycans. It
was further analyzed by chromatography on CM-cellulose in

the presence of unlabeled type II collagen. As illustrated in
Chart 1, approximately 90% of the eluted material comigrated
with authentic unlabeled type II chains and was collagenase
digestible. Very little radiolabeled material was found in the
region of the Â«2chains; the presence of such material would
have indicated the presence of type I collagen.

The CM-cellulose chromatography suggests that type II col
lagen a chains are being synthesized by the tumor chondro-
cytes. Cartilage cells have been shown to "switch" from syn

thesis of [a1(ll)]3 to [a1(l)]3 synthesis in vitro, albeit over a time
span different from the one in these experiments (12, 13).
Direct evidence that type II a chains were being made would
come only from cyanogen bromide peptide mapping.

Polysomes were isolated for in vitro translation studies. Table
1 shows that polysomes obtained from cell suspensions were
more active than those isolated from total tumor homogenates.
The omission of either polysomes or energy source resulted in
background levels of incorporation, as did pretreatment with
RNase. As demonstrated elsewhere (6), 65% of the cell-free

product is susceptible to collagenase digestion and is compa
rable in size to the type II collagen precursor pro-a chains. In

addition, analysis of the size distribution of polysomes on linear
sucrose gradients (Chart 2) revealed an improvement due
mainly to the use of cell preparations. Chart 2, A and C,

Table 1
Cell-tree protein synthesis directed by polysomes from a rat Chondrosarcoma

[3H]Pro-

line in
corpo
rated

Sample" (cpm)

Polysomes from tumor tissue slice 10,400
Polysomes from tumor cells 32.200
Controls

Minus polysomes 3,300
Tumor cell polysomes and RNase A (80 fig/ml) 3.250
Tumor cell polysomes minus energy source (ATP. creatine 4.300

phosphate, and creatine phosphokinase)
a The reaction mixture of 250 jil contained 0.5 AÃ•BOof polysomes.

. A

cc
O

30 20 10 1 30 20

FRACTION NUMBER

10

Chart 2. Sedimentation profiles of polysomes from Chondrosarcoma cells
Polysomes were suspended and sedimented in buffer containing 10 mw K' (A.
B) or 250 rriM K* (C, D). Part of the samples was treated with 20 mM EDTA

before centrifugation (8, D). The samples were centrifugea on linear 10 to 50%
sucrose gradients at 105,000 x g for 90 min at 4Â°.

10 20 30 40

FRACTION NUMBER

Chart 1. Chromatography on CM-cellulose of collagen isolated from Chondro
sarcoma cells labeled in culture with [3H]proline. The sample was chromato-

graphed in 40 mM sodium acetate buffer (pH 4.8) and eluted with 400 ml of
linear gradient of 0 to 0.1 M NaCI. . radioactivity; , absorbance at
228 nm of type II collagen added as carrier.

indicates the importance, as reported previously (6), of the
proper ion concentration during the separation. As a control,
polysomes were treated with EDTA, which destroyed all the
higher-molecular-weight complexes (Chart 2, ÃŸand D). The

major peaks represented small and large ribosomal subunits
and monosomes. A common feature for most mammalian cy-
toplasmic mRNA's is the presence of a poly(A)+ sequence at
the 3'-end of the molecule. The presence of poly(A)+ can be
detected by hybridization with [3H]poly(U). Alternatively, the
poly(A)+ containing RNA can be isolated by chromatography

on oligodeoxythymidylic acid cellulose or poly(U)-Sepharose.

In Table 2, various RNA preparations are compared for poly(A)
content. Although the values for hybridization with [3H]poly(U)

found in cell extracts are similar to those found in other tissues,
very little hybridizable material was detected in RNA extracted
from whole-tumor tissue.

Newly synthesized poly(A)+ RNA was isolated from cell sus

pensions and separated on linear sucrose gradients under
denaturing conditions. The labeled poly(A)+ RNA from cells

showed a larger proportion of high-molecular-weight material
(Chart 3B). In contrast, profiles of poly(A)* RNA isolated from

whole-tumor slices showed extensive degradation (Chart 3A).
In addition, results obtained from cellular preparations tended
to be more reproducible from one preparation to the next. On
the basis of these results, we concluded that analysis of tumor
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Determsnationof poly(A)@ RNA in different RNApreparationsTissue

sourceRNA (extracted from)Tissue
wet wt

(g)Yield
of

RNA (@@g)[3H)Poly(U)

hybridized
(cpm/@g

RNA)Rat

tumor
Rat tumor
Rat tumor
Rat tumor
Rat calvariab
Rat calvariab
Rat liverTotal

tissue
Tissue, lysatea
Cells, lysateÂ°
Cells, polysomes
Total tissue
Tissue, lysatea
Tissue, lysatea32

49
11
11
15
4

361

0.4
6.6
2.6
2.0
8.3
0.9

93.015

4
218
232
125
210
275
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Table 2 tissue every 6 to 12 weeks. In contrast, many experimental
tumors are transplanted at more frequent intervals. With the
latter, it is possible that the most rapidly growing cells are
constantly being selected. This may explain why many experi
mental tumors look remarkably similar and have the appear
ance of undifferentiated primitive mesenchymal cells.

Human soft tissue tumors have long presented a problem in
diagnosis. These polymorphic tumors are usually diagnosed by
using 1 of 2 classification schemes, that of Stout and Lattes
(19) or that of the WHO (7). Each of these classification
schemes has some disadvantages. In most cases in which the
cell of origin of the tumor is not known, the diagnosis depends
on a histological pattern. For example, terms such as synovial
sarcoma, epitheloid sarcoma, alveolar soft part sarcoma, and
malignant fibrous histiocytoma refer to the morphological fea
tures of tumors for which the cell of origin is unclear.

The nature of the structural matrix proteins that these tumors
elaborate may help to develop a diagnostic scheme based on
more defined biochemical criteria, rather than on only histolog
ical characteristics. The rat chondrosarcoma might represent
an experimental model and prototype for comparison and
analysis of human soft tissue tumors. Cells could be maintained
in short-term primary cultures. With appropriate radiolabeled
precursors, the components of the extracellular matrix which
these tumor cells synthesize can be analyzed. In this way, it
might be possible to establish on a biochemical basis the cells
of origin for these tumors. Isolation of such biologically active
cell components as polysomes and mRNA has great potential
in this regard.
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cell suspensions in primary short-term culture was the most
effective method for evaluating the biological properties and in
particular the macromolecular synthesis in the chondrosar
coma.

DISCUSSION

The Swarm matchondrosarcoma is derived from a tumor that
originally arose spontaneously in a female Sprague-Dawley rat
and has been maintained for several years by serial transfer.
This tumor originally contained bone as well as cartilage ele
ments. The tumor was originally termed as osteochondroma.
However, the cartilaginous portion of the tumor appeared to
show progressive growth on serial transplantation; with trans
plantation, the bone element disappeared. No further descrip
tions of the tumor were made until 1971 (4) when it was
described as a chondrosarcoma. This tumor has remained
quite stable over the past 7 years. As shown in a presentative
area in Fig. 2, the entire tumor now consists of cartilaginous
elements.

The marked stability of this tumor is in contrast with the
observed behavior of many experimental tumors. The tumor is
highly differentiated and grossly avascular and is composed
almost exclusively of cartilage. One explanation for the stability
of the phenotype may be that the tumor has been serially
transplanted by R. Swarm who used small pieces of tumor
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Fig. 1. Photomicrograph of sections of rat chondrosarcoma from a tumor
removed 2 (A), 4 (B), and 6 (C) weeks, respectively, after the injection of 1 ml of
tumor cell suspension. The nodules have increased in size with the progressive
growth of the tumor, and septal areas occupy smaller portions of the total. Silver
stain, x 25.
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Fig. 2. A, photomicrograph of sections of rat chondrosarcoma, 6 weeks after the injection of 1 ml of tumor cell suspension. A portion of the capsule, which is dark
and can be distinguished from the subcapsular tumor septum, is included. Silver stain, x 100. B, photomicrograph of a section of the same tumor in the region of the
capsule. The cellular elements of the capsule contain fibroblast-like nuclei, which can be distinguished from subcapsular septal nuclei. H & E, x 250.

Fig. 3. Photomicrographs of the rat chondrosarcoma 6 weeks after the Injection of 1 ml of tumor cell suspension, demonstrating the progression of cell maturation
from the septum to the center of the tumor nodule. Silver stain, x 100 (A) and 250 (B).
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Fig. 4. Photomlcrograph demonstrating histological details of the rat chondrosarcoma 6 weeks after the injection of 1 ml of tumor cell suspension. Masson's
trlchrome (A) and H & E, (B), x 250.
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Fig. 5. Photomicrographs of frozen tissue sections of rat chondrosarcoma labeled with isolated rabbit antibodies against type II collagen and subsequently stained
with fluorescein-labeled anti-rabbit globulin. In A, tissue not treated with hyaluronidase shows fluorescence on chondrocytes and lacunar surface only. In B, after
treatment with hyaluronidase, the cartilagenous matrix is also labeled. C and D, capsule and connective tissue stroma of the chondrosarcoma stained with antibodies
against type I (C) and type Ill (0) collagen. x 250.
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