


Downloaded from cancerres.aacrjournals.org on December 4, 2021. © 1979 American Association for Cancer
Research.



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 [*H]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 Il collagen. As illustrated in
Chart 1, approximately 90% of the eluted material comigrated
with authentic unlabeled type Il chains and was collagenase
digestible. Very little radiolabeled material was found in the
region of the a2 chains; the presence of such material would
have indicated the presence of type | collagen.

The CM-cellulose chromatography suggests that type Il col-
lagen a chains are being synthesized by the tumor chondro-
cytes. Cartilage cells have been shown to ‘‘switch’’ from syn-
thesis of [a1(I)]s to [a1(1)]s synthesis in vitro, albeit over a time
span different from the one in these experiments (12, 13).
Direct evidence that type Il 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 Il 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,
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Chart 1. Chromatography on CM-cellulose of collagen isolated from chondro-
sarcoma cells labeled in culture with [*H]proline. The sample was chromato-
graphed in 40 mm sodium acetate buffer (pH 4.8) and eluted with 400 ml of
linear gradient of O to 0.1 M NaCl. —, radioactivity; - = - - - , absorbance at
228 nm of type Il collagen added as carrier.
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Table 1
Cell-free protein synthesis directed by polysomes from a rat chondrosarcoma
[*H}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 ug/ml) 3,250
Tumor cell polysomes minus energy source (ATP, creatine 4,300

phosphate, and creatine phosphokinase)

2 The reaction mixture of 250 ul contained 0.5 Az¢o Of polysomes.
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Chart 2. Sedimentation profiles of polysomes from chondrosarcoma cells.
Polysomes were suspended and sedimented in buffer containing 10 mm K* (A,
B) or 250 mm K* (C, D). Part of the samples was treated with 20 mm EDTA
before centrifugation (B, D). The samples were centrifuged on linear 10 to 50%
sucrose gradients at 105,000 X g for 90 min at 4°.
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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, B and 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 [*H]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 [*H]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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Table 2
Determination of poly(A)* RNA in different RNA preparations
[*H]Poly(U)
Tissue hybridized
wet wt  Yield of (cpm/ug

Tissue source RNA (extracted from) () RNA () RNA)
Rat tumor Total tissue 32 104 15
Rat tumor Tissue, lysate” 49 6.6 4
Rat tumor Cells, lysate® 1 2.6 218
Rat tumor Cells, polysomes 11 2.0 232
Rat calvaria® Total tissue 15 8.3 125
Rat calvaria Tissue, lysate® 4 0.9 210
Rat liver Tissue, lysate® 36 93.0 275

@ Supernatant fraction of lysate after centrifugation at 8000 X g.
Newborn animals.
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Chart 3. Sedimentation of poly(A)* RNA from chondrosarcoma. The RNA
samples were prepared from tissue slices (A), and the cytoplasmic fraction was
prepared from cells in suspension culture (B) after labeling with [*H)uridine for
18 hr. Centrifugation was performed in linear 5 to 20% sucrose gradients
containing 50% (v/v) formamide.

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 rat chondrosarcoma 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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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.

REFERENCES

1. Bowling, M. C. Histopathology laboratory procedures of the pathologic
anatomy branch of the National Cancer Institute. Washington, D. C.: United
States Government Printing Office, 1967.

2. Breitkreutz, D., Diaz de Leon, L., Paglia, L., Zeichner, M., and Stern, R.
Partial characterization of procollagen messenger ribonucleic acid in a
murine chondrosarcoma. Connect. Tissue Res., in press, 1979.

3. Breitkreutz, D., Diaz de Leon, L., Paglia, L., Zeichner, M., Wilczek, J., and
Stern, R. The synthesis of presumptive procollagen messenger ribonucleic
acid in the calvaria of the developing chick embryo. Biochim. Biophys. Acta,
517: 349-359, 1978.

4. Choi, H. V., Meyer, K., and Swarm, R. Mucopolysaccharide and protein-
polysaccharide of a transplantable rat chondrosarcoma. Proc. Natl. Acad.
Sci. U. S. A, 68: 877-879, 1971.

5. Diaz de Leon, L., Breitkreutz, D., and Pomponio, J. Isolation of procollagen
synthesizing polysomes from rat calvaria, chick embryos and rat chondro-
sarcoma tumor cells. Fed. Proc., 35: 1739, 1976.

6. Diaz de Leon, L., Paglia, L., Breitkreutz, D., and Stern, R. Evidence that the
messenger RNA for collagen is monocystronic. Biochem. Biophys. Res.
Commun., 77: 11-19, 1977.

7. Enzinger, F. M. Histological Typing of Soft Tissue Tumors. Geneva, Swit-
zerland: World Health Organization, 1969.

8. Gay, S., Martin, G. R., Miiller, P. K., Timpl, R., and Kiihn, K. Simultaneous
synthesis of type | and type Il collagen by fibroblasts in culture. Proc. Natl.
Acad. Sci. U. S. A., 73: 4037-4040, 1976.

9. Gay, S., and Miller, E. J. Collagen in the Physiology and Pathology of
Connective Tissue. New York: Gustav Fischer, Inc., 1978.

10. Gillespie, D., Marshall, S., and Gallo, R. C. RNA of RNA tumor viruses
contains poly A. Nat. New Biol., 236: 227-231, 1972.

11. Maibenco, H. C., Krehbiel, R. H., and Nelson, D. Transplantable osteogenic
tumor in the rat. Cancer Res., 27: 362-366, 1967.

12. Mayne, R., Vail, M. S., Mayne, P. M., and Miller, E. J. Changes in type of
collagen synthesized as clones of chick chondrocytes grow and eventually
lose division capacity. Proc. Natl. Acad. Sci. U. S. A. 73: 1674-1678, 1976.

13. Mayne, R., Vail, M. S., and Miller, E. J. Analysis of changes in collagen
biosynthesis that occur when chick chondrocytes are grown in 5-bromo-2'-
deoxyuridine. Proc. Natl. Acad. Sci. U. S. A., 72: 4511-4515, 1975.

14. Miller, E. J. Isolation and characterization of a collagen from chick cartilage
containing three identical a chains. Biochemistry, 10: 1652-1659, 1971.

CANCER RESEARCH VOL. 39

Downloaded from cancerres.aacrjournals.org on December 4, 2021. © 1979 American Association for Cancer
Research.


http://cancerres.aacrjournals.org/

15.
16.

17.

Miller, E. J. Biochemical characteristics and biological significance of the
genetically distinct collagens. Mol. Cell. Biochem., 13: 165-192, 1976.
Milter, E. J., Martin, G. R., Piez, K. A., and Powers, M. J. Characterization
of chick bone collagen and compositional changes associated with matura-
tion. J. Biol. Chem., 242: 5481-5489, 1967.

Perry, R. P., LaTorre, J., Kelley, D. E., and Greenberg, J. R. On the lability
of poly(A) sequences during extraction of messenger RNA from polyribo-
somes. Biochim. Biophys. Acta, 262: 220-226, 1972.

18.

19.

20.

Macromolecular Synthesis in a Chondrosarcoma

Smith, B. D., Martin, G. R., Miller, E. J., Dorfman, A., and Swarm, R. Nature
of the collagen synthesized by a transplanted chondrosarcoma. Arch. Bio-
chem. Biophys., 166: 181-186, 1975.

Stout, A. P., and Lattes, R. Tumors of the Soft Tissues. Washington, D. C.:
Armed Forces Institute of Pathology, 1967.

Timpl, R., Wick, G., and Gay, S. Antibodies to distinct types of collagens
and procollagens and their applications in immunohistology. J. Immunol.
Methods, 18: 165-182, 1977.

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. 8, photomicrograph of a section of the same tumor in the region of the
capsule. The cellular el its of the le 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).

5098 CANCER RESEARCH VOL. 39

Downloaded from cancerres.aacrjournals.org on December 4, 2021. © 1979 American Association for Cancer
Research.


http://cancerres.aacrjournals.org/

Macromolecular Synthesis in a Chondrosarcoma

3 ."';;"0:4/"/.; & .‘ ' &
< % - -
:l. . .pl’ L ’ ‘ k
h Pt - L
/.. K 'b -

o _ e
G’r*'g.‘ rS N ¢ S .
LY & ~
"' # " f'.‘ ke » ‘

: o -
',\ ™ . * -
® “ -
Ld gL e - ° .
4A - o i ¥y
" (, " 0
® o - @ - ‘
-
®© » - P -
- .
>
P il .
i - - - e
» .
> - ’ - v ™S .
v “. ”» * ’ r.'
-
r . L] &
-
i | g . 0‘ :
Coo e .Y %Y s
““‘o.*;‘_'-.‘. . .:a--" l\‘ ;\. ‘.' L S ® .
. §5‘3 ":- —:“;0.:‘“.0 . ‘\; ey .
- A el [ 2 __'_:'-.- - s
43 b S * % N i

Fig. 4. Photomicrograph demonstrating histological details of the rat chondrosarcoma 6 weeks after the injection of 1 ml of tumor cell suspension. Masson's
trichrome (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 Il 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 | (C) and type Il (D) collagen. X 250.
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