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ABSTRACT

Three cell lines were isolated from a patient with osteosarcoma of the
femur. These lines were obtained from the primary neoplasm before
(HTLA145) and after (HTLA161) chemotherapy and from a metastasis
of the lung (HTLA19S) in the same patient. The three cell lines exhibited
a similar morphology in culture and formed tumors in nude mice which
demonstrated a histopathology similar to that which had been observed
in the patient. High expression of the genes coding for the a-1 and a-2
chain of collagen Type I was found in vitro and in s.c. tumors growing in
nude mice. The c-myc protooncogene was amplified in all three cell lines
and extensive expression of c-myc was found in vitro and in vivo. No
heterogeneity in regard to c-myc expression in vivo was detected by in
situ localization in tumors growing in nude mice.

INTRODUCTION

Osteogenic sarcoma is a primary malignant tumor of the
bone. It often has a "spindle cell" morphology and produces

malignant osteoids (1). The tumor originates mostly in areas of
maximal bone growth such as the distal femur, the proximal
tibia, and the proximal humÃ©rusand its potential to metastasize
early is responsible for its poor prognosis. Many pathological
variants of osteosarcoma with various metastatic potentials and
prognosis have been described (2-4).

Studies of human osteosarcoma have been hampered by the
difficulty to isolate and propagate malignant cells in culture.
Therefore only few cell lines have been established (5, 6). These
cell lines have been mainly used to study sensitivity to chemo
therapy drugs and their metabolism (7-9).

Restriction fragment length polymorphism analysis of human
osteosarcoma demonstrated a similar genetic mechanism un
derlying the formation of this neoplasm as observed in retino-
blastoma (10). Analysis of oncogene expression in osteosar
coma demonstrated the presence of a message for the c-sis
oncogene as well as the expression of a message for a platelet
derived growth factor related protein (11, 12). Recently, a new
oncogene called met was isolated from a chemically transformed
human osteosarcoma line (13, 14).

The c-myc protooncogene (15,16) codes for a nuclear protein
and has been shown to be expressed in a variety of different cell
types. It has been implicated in various biological functions
such as growth control (17-19), cellular transformation (20),
and more recently in differentiation of leukemic cells (21-23).

Recently we developed a novel culture system which allows
for the growth of most solid pediatrie tumors and in which
oncogene amplification and expression can be detected (24,25).
Here we report the unique isolation of 3 pediatrie osteosarcoma
cell lines from the same patient using this in vitro system. The
cell lines were isolated from the primary tumor before and after
systemic chemotherapy as well as from a lung metastasis. The
cells maintained their histopathological characteristics, and

Received 11/14/86; revised 3/26/87; accepted 4/2/87.
The costs of publication of this article were defrayed in part by the payment

of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

1This work was supported by USPHS Grant EY04950 from the National Eye
Institute and from Childrens Hospital of Los Angeles funds.

2To whom requests for reprints should be addressed.

high expression of collagen type I genes was found in vitro and
in vivo. DNA amplification of the c-myc protooncogene and
overexpression of the oncogene could be demonstrated in the 3
cell lines in vitro and in vivo.

MATERIALS AND METHODS

Isolation of Tumor Cells in Vitro. Tumor specimens were obtained
after surgery and processed under sterile conditions. The tissue was
mechanically treated with a razor blade and the resulting cell suspen
sions were washed with Dulbecco's modified Eagle's medium (Gibco)

supplemented with 10% human serum prepared as previously described
(25) centrifuged and seeded in Dulbecco's modified Eagle's medium

10% human serum, penicillin (100 units/ml; Gibco), streptomycin (100
Mg/ml; Gibco), insulin (10 //n/nil: Sigma), transferrin (SO Â¿ig/ml;
Sigma), and 4 mM glutamine (Gibco). Tumor cells were seeded onto
extracellular matrices produced by rat smooth muscle cells in plastic
Petri dishes (Falcon Plastics, Oxnard, CA) as previously described (25,
26). The medium was changed biweekly. Tumor cell colonies were
isolated after 1-3 weeks and propagated in separate dishes covered with
extracellular matrices. The resulting tumor cell populations were sub
sequently split and parts were viably frozen. Isolated cell lines were
grown after several cell passages in heat-inactivated fetal bovine serum
(Irvine Scientific, Irvine, CA) and on regular tissue culture plastic
(Falcon Plastics).

RNA and DNA Isolation. A procedure which allows for a combined
isolation of RNA and DNA from the same cell population was used
(27). In brief, tumor cells were grown in 100-mm Petri dishes until
subconfluency. Cells were washed twice with PBS3 and mechanically

removed from the substrate in PBS supplemented with 10 mM EDTA.
Cells were subsequently washed twice with cold PBS, resuspended in
lysis buffer (0.14 M NaCl-0.01 M Tris-HCl, pH 7.4-1.5 mM MgCl2-
0.5% NP40), and nuclei were spun down at 1,500 x g. The superna
tant was then extracted three times with an equal mixture of
phenohchloroform/isoamylalcohol (24:1) followed by an extraction
twice with chloroform:isoamylalcohol (24:1), and the RNA was then
precipitated overnight with ethanol, pelleted at 10,000 x g and resus
pended in TE.

Nuclei were digested with 100 fig/ml proteinase K (BRL, Bethesda
Research Lab, Gaithersburg, MD)-0.1% sodium dodecyl sulfate in TE,
overnight at 37Â°Cwith continuous shaking. The DNA was then ex

tracted as mentioned above, ethanol precipitated, spooled, and air dried.
DNA was then resuspended in TE at 1 mg/ml concentration.

Restriction Enzyme Digestion. Genomic DNA was digested with the
indicated restriction endonucleases (3 units/^g DNA) overnight as
recommended by the supplier (New England Biolabs, Beverly, MA).
The following day, additional 3 units,>K DNA were added and incu
bated for another 4-6 h at 37Â°C.

Gel Electrophoresis and Southern Transfer. Restricted DNAs (10 Mg/
lane) were fractionated by electrophoresis through 1% agarose (FMC
Corporation, Rockland, ME) gel in Tris-acetate buffer, pH 8.0, over
night at 20 V. Gels were stained with ethidium bromide, photographed,
and DNA was transferred to Biodyne filters (ICN Radiochemicals,
Irvine, CA) using standard techniques (28). The filters were then backed
for 2 h at 80Â°Cand stored at 4Â°Cuntil use.

Northern Transfer. Total cellular RNA (30 Â¿ig/lane)was electropho-
resed on a 1% agarose-formaldehyde gel according to standard tech
niques (29). RNA was transferred to Biodyne overnight, filters were

3The abbreviations are: PBS, phosphate buffered saline; TE, 10 mM Tris-HCl-
1 mM EDTA, pH 7.4; cDNA, complementary DNA; SSC, standard saline citrate
(0.1 S M sodium chloride-0.015 M sodium citrate, pH 7.4).
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c-myc IN HUMAN OSTEOSARCOMA CELL LINES

then backed at 80Â°Cfor 2 h and stored at 4Â°Cuntil use. Control stripes

of filters were soaked in 5% acetic acid for 15 min and stained with
0.04% mÃ©thylÃ¨neblue in 0.5 M sodium acetate for 5-10 min (30) in

order to determine transfer efficiency.
Radiolabeling of DNA Probes. Collagen complementary DNA probes

were kindly provided by Dr. F. Ramirez (Rutgers Medical School) and
used as previously described (31). The following clones were used: Hf
1131, a 2.2-kilobase cDNA fragment of the pro a-2 chain of human
type I collagen (32); Hf 677, a 1.8-kilobase cDNA fragment coding for
the pro a-1 chain of the human type I collagen (33). The protooncogene
c-myc (15) was obtained from American Type Culture Collection,
Rockville, MD (American Type Culture Collection No. 41010).

The cDNA probes were radiolabeled with [a-32P]dCTP (3000 Ci/

mmol; Amersham, Arlington Heights, IL). Briefly, 20 Mgof plasmid
were digested with the appropriate restriction endonucleases, fraction
ated on a 1% low gelling agarose gel, and inserts were then labeled to
specific activities of 10* cpm/ng DNA, according to Feinberg and

Vogelstein (34).
Hybridization Conditions. Filters were prehybridized overnight with

the following solution: 50% formamide; 5x SSC; Ix Denhardts (0.02%
each of Ficoll, polyvinyl pyrrolidone, and bovine serum albumin); 20
mM sodium phosphate, pH 6.5; 0.1% sodium dodecyl sulfate; and
denatured salmon sperm DNA (250 fig/ml) at 42Â°C.The prehybridi-

zation solution was discarded, and the filters were then hybridized for
3 days with 32P-labeled DNA probes using the same hybridization

conditions, including 10% dextran sulfate (Sigma) in the hybridization
solution. Filters were then washed under stringent conditions (0.3x
SSC; 65Â°C)and exposed to Kodak XAR-5 films at -80"C.

In Situ Hybridization. In situ hybridization of DNA probes to tissue
culture cells and histolÃ³gica! sections was done according to Hafen et
al. (35) and Breborowicz and Tomaoki (36). Briefly cells were grown
on 13-mm glass coverslips for 4-6 days, washed with PBS, and fixed
with 4% paraformaldehyde in PBS at room temperature for 15 min.
Cells were then treated with 1-5 fig/ml of proteinase K in TE for 15
min at 37Â°C,washed with PBS, and dehydrated in a series of ethanol.

Control cells were treated with RNase A (100 ng/ml; Boehringer
Mannheim) in H2O for 30 min at 37'C. Specimens were then prehy
bridized for l h at 42Â°Cin the following solution: 50% formamide; Ix

Denhardts (see above); 5x SSC; 0.02 M sodium phosphate, pH 6.5; 25
HIMdithiothreitol (Bio-Rad, Richmond, CA); and 250 /jg/ntl denatured
salmon sperm DNA. Specimens were then hybridized with cDNA
probes for 2 days using the same hybridization conditions. Probes were
labeled according to Feinberg and Vogelstein (34) using [a-35S]dATP
(1000 Ci/mmol; Amersham) and in general, IO7cpm were hybridized
in 10-15 /il/coverslip. After hybridization, specimens were washed in
5x SSC-50% formamide at room temperature, 2x SSC-50% formam
ide, and finally 2x SSC at room temperature. Specimens were then
dehydrated in a series of ethanol, 0.3 M ammonium acetate, and coated
with an autoradiographic emulsion (NTB-2; Eastman-Kodak, Roches
ter, NY). Slides were exposed at -80Â°C for 10-14 days, developed,

stained with hematoxylin-eosin, and viewed in a Zeiss standard micro
scope.

HistolÃ³gica! sections of nude mouse tumors were treated using the
same protocol with the exception that only 0.1-0.5 Mg/ml of proteinase
K was utilized.

Light and Electronmicroscopy. Tumor tissue was fixed with 2.5%
glutaraldehyde in PBS for 2 h at 4Â°C.The specimens were then

postfixed in 1% osmium tetroxide-0. l M cacodylate, pH 7.4 for 2 h at
4"( "and dehydrated in a series of ethanol. The tissue was then embedded
in epon/araldyte and polymerized at 60Â°Cfor 3 days. Thick (1 /Â¿m)and

thin (800 A) sections were made with a LKB UMIV microtome.
Tumorigenicity in Nude Mice. Tumor cells from the 3 different cell

lines were injected (1 x IO6cells/mouse) into the flank of 4-week old

nude mice (Swiss BALB/c). Tumor growth was monitored biweekly
and the animals were sacrificed 2-3 months after inoculation.

RESULTS

Surgical specimens obtained from the primary tumor (femur)
prior to and after chemotherapy and from a lung metastasis
were explanted onto extracellular matrices (R22C1F), and
growing tumor cell colonies were isolated after 1-3 weeks. The
cell lines were named HTLA145, for cells from the primary
tumor before chemotherapy, HTLA161, for cells from the
primary tumor after chemotherapy, and HTLA195 from a lung
metastasis. Explanted tumors initially grew in small colonies
which easily could be distinguished from normal cells. The
tumor cells were generally large cells with extensive cytoplasmic
granulations surrounding the nucleus (Fig. 1). The nucleus of
the tumor cells contained various numbers of nucleoli (2-6
nucleoli) and often giant multinucleated cells were observed.
The colonies also contained numerous round cells which were
continuously present, suggesting active cell growth. The cells
from the lung metastasis (HTLA195) were loosely attached to
the substratum and various sizes of cell aggregates were rou
tinely present.

Growth Analysis in Vitro. The growth of the 3 cell lines is
shown in Fig. 2. Cells from each cell line were seeded onto 60-
mm dishes at 0.2 x IO6 cells/dish, and duplicate cultures were

counted at indicated time intervals. Plating efficiency deter
mined 24 h after seeding of the cells was best for HTLA161.
The 3 cell lines initially grew at approximately the same growth
rate. The final cell density per plate was similar for HTLA145
and HTLA161 while the cells from the metastasis reached a
much higher cell density due to the presence of large cell
aggregates seen by phase contrast microscopy.

Histopathology of Nude Mouse Xenografts. The 3 cell lines
were tested for their tumorigenicity in nude mice (Swiss BALB/
c), and the histopathology of the resulting tumors was analyzed.
Tumor cells (106/mouse) were injected into the flank of 4 mice/

cell line. All cell lines developed tumors with a latency period
of approximately 6 weeks. The tumors were firm and eventually
killed the animals within 3 months. Histopathological analysis
demonstrated tightly packed tumor cells organized into islands
(Fig. 3A) interspersed with bundles of connective tissue and
blood vessels. The nuclei showed numerous nucleoli similar to
that which has been seen in culture. Bone formation was ob
served in certain areas of the tumors demonstrating the origin

Isolation and Characterization of the Cell Lines. Three tumor
cell lines were isolated from a patient with osteosarcoma.

3809

Fig. 1. Phase contrast micrograph of a colony of HTLA145 cells grown on
extracellular matrix which can be seen in the background. Note the large size of
the tumor cells which contained extensive granulation in the cytoplasm and
numerous nucleoli. The cells were tightly packed and many round cells can be
seen, bar, 1 mm; x 150.
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Fig. 2. Growth analysis of the 3 cell lines when grown on plastic. Cells (2 x
10s cells/60-mm dish) were seeded in duplicate cultures, trypsinized at indicated

time intervals, and counted in a Coulter Counter. Results are the mean of 2
independent experiments. Less than 10% variation was obtained.

of the tumor. No morphological differences were observed
between the xenografts of the various cell lines, and their
histopathology was similar to that which was seen in the tumors
taken from the patient (Fig. 3Ã„).

Electron microscopy analysis of the nude mice tumors further
confirmed the nature of the neoplasm. The cells showed an
extensive rough endoplasmic reticulum suggesting that these
cells were biosynthetically active (Fig. 3C). Large deposits of
glycogen were also present, and extensive extracellular matrix,
composed of cross-striated bundles of collagen fibrils surround
ing tumor cell islands could be seen.

The nude mice tumors were subsequently explanted in vitro
and cell lines (HTLA 145SQ, HTLA 161SQ) were developed.

Expression of Collagen Genes. A major characteristic of os-
teogenic sarcoma is its ability to synthesize collagen, mainly
type I which in vivo can be deposited as calcified material
(bone). The expression of collagen genes (a-1 and a-2 Type I)
was subsequently analyzed using human cDNA probes coding
for the pro a-1 and a-2 chains, respectively.

DNA and RNA from the 3 cell lines including the ones
isolated from the nude mice tumors was isolated, analyzed by
Southern and Northern blots, and results are shown in Fig. 4.
Genomic DNA, digested with EcoRl enzyme when hybridized
with Hf 1131 (pro a-1 chain) cDNA showed a different restric
tion fragment pattern than when hybridized with the Hf 32 (pro
a-2 chain) cDNA (Fig. 4A). The pattern for the a-2 chain gene
of the 3 cell lines was similar, as was the pattern of the a-1

Fig. 3. HistolÃ³gica!and ullrastructural analysis performed on tumors obtained
after injection of HTLA14S cells into nude mice. 1, islands of tightly packed
tumor cells so that their cell boundaries cannot be distinguished. These islands
are separated by bundles of extracellular matrix material and few blood vessels.
Note the large nuclei containing various numbers of nucleoli, bar, 200 tun: x 500.
B, histolÃ³gica! section of the primary osteosarcoma tumor fixed at time of
diagnosis. Note the characteristic pattern of the tumor which contained areas of
osteoid formation, bar, I mm; x 100. C, electron micrograph of an osteogenic
sarcoma cell. The cell contains an extensive rough endoplasmic reticulum, large
ummir.ts of glycogen particles, and few mitochondria. Note that the cell mem- i
branes of 2 adjacent cells are intermingled, bar, l um: x 10,000.
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(Fig. 5.-Ã•).These cells demonstrated a uniform labeling of the
collagen gene transcripts in the cytoplasm, and all analyzed
cells could be scored as positive. The level of labeling in indi
vidual cells was comparable and no significant heterogeneity
was found. Similar results were obtained with histolÃ³gica! sec
tion of s.c. nude mice tumors. Tumor cells were significantly
labeled when hybridized with the a-2 chain cDNA probe (Fig.
5B). The label was, however, only found in viable tumor cells.
No grains were detected in stromal cells or blood vessels dem
onstrating that the observed extracellular matrix was actively
synthesized by the tumor cells. These results supported the
previous observation that extensive collagen type I synthesis
occurred in these tumors.

Fig. 4. Southern and Northern blot analysis of a-1 and a-2 chains genes of
collagen T>pe I. A, DNA (10 ^g/lane) from indicated cell lines was restricted with
EcoRl enzyme and hybridized with the probe for the a-1 and a-2 chains probes,
respectively. The restriction fragment pattern of the a-1 chain gene is different
from the a-2 chain gene. There is a restriction fragment length polymorphism
present in the a-1 chain gene in the cell line isolated from a s.c. tumor of the
nude mouse (HTLA161SQ). B, total cellular RNA (30 Â»ig/lane)from the indicated
cell lines was hybridized with the a-1 and a-2 chains genes cDNA probes, and
expression of the 2 genes was found in all cell lines tested.

chain gene for the parental lines (HTLA 145, HTLA161,
HTLA 195). However, the cell line isolated from the mouse s.c.
tumor (HTLA161SQ) demonstrated a polymorphism for the
a-1 chain gene not seen with the a-2 chain gene. Several
restriction fragments of the a-1 chain gene present in the DNA
of the parental cell line did not hybridize in the digested DNA
of the HTLA161SQ cells. This result was consistently seen in
independent experiments. The same digested DNAs of the
various different cell lines were hybridized with the a-2 chain
gene probe and no restriction fragment length polymorphism
was found (Fig. 4/4). We therefore concluded that the absence
of labeled restriction fragments in the HTLA161SQ DNA of
a-1 chain gene represents a true restriction fragment length
polymorphism rather than a technical artifact.

Expression of the a-1 and a-2 chains genes was analyzed in
total RNA isolated from subconfluent cells (Fig. 4B). All cell
lines showed expression of the a-1 and a-2 chains genes which
confirmed previous results obtained by analysis of collagen
proteins secreted by the HT 145 cell line (31). The rearrange
ment of the a-1 chain gene seen in Southern blots (Fig. 4.1)did
not affect the expression of the a-1 chain gene in these cells
(Fig. 4B); however, there was more hybridization of the message
for the a-2 than the a-1 gene in total RNA from the
HTLA161SQ cells.

In situ hybridization of cultured HTLA161 cells and s.c.
tumors (HTLA161SQ) was also performed to study collagen
gene expression in single tumor cells in vitro and in vivo.

Subconfluent cultured tumor cells when hybridized with the
a-2 chain probe showed an extensive labeling of individual cells

381

Fig. 5. In situ hybridization of the a-2 gene transcripts in cultured HTLA161
cells and nude mouse tumor. Cells and tissue sections were prepared for in situ
localization as described in "Materials and Methods." A, extensive labeling of

individual cultured cells in which the autoradiographic grains are almost exclu
sively present in the cytoplasm of the cells. Note the homogeneous distribution
of the label within the cells. All cells show active transcription of the a-2 gene.
bar, 200 uni; x 450. B, in situ localization of a-2 gene transcripts in a nude mouse
tumor. Tumor cells demonstrated significant labeling indicating active transcrip
tion of the a-2 chain gene in neoplastic cells while the surrounding stromal and
blood vessel cells as well as necrotic areas did not. bar, 200 fmi; x 500.
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c-myc IN HUMAN OSTEOSARCOMA CELL LINES

c-myc Amplification and Overexpression in Vitro and in Vivo,
c-myc oncogene has been implicated in the growth control of
normal and neoplastic cells and was found to be amplified in a
mouse osteosarcoma line infected with polyoma virus (37). We
have therefore analyzed the protooncogene c-myc in the newly
isolated cell lines. DNA and RNA isolated from the various
parental and nude mouse tumors derived cell lines was probed
with a 0.9-kilobase fragment of the first exon of the c-myc gene,
and results are shown in Fig. 6. Restricted DNA from the
various osteosarcoma lines clearly demonstrated a significant
(10-20 times) stronger signal for the c-myc EcoRl restriction
fragment than that which was observed with either normal
human kidney DNA or retinoblastoma DNA isolated from
cultured cells (Fig. 6/4). Amplification of the c-myc gene was
observed in all cell lines, including the ones obtained from the
nude mice tumors. No amplification was seen in osteosarcoma
cell DNA when hybridized with a probe for the N-myc gene
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Fig. 6. Southern and Northern blot analysis of the c-myc oncogene in the

various cell lines. A, DNA ( 10 Mg/lane) from the indicated osteosarcoma cell lines
as well as from normal human kidney and cultured retinoblastoma cells (RBLA13,
RBLA18) was digested with EcoRl and subsequently hybridized with the c-myc
protooncogene. An approximate 12-kilobase (kb) restriction fragment showed a
10- to 20-fold stronger labeling in the various osteosarcoma cell lines when
compared to normal DNA or retinoblastoma DNA, suggesting c-myc amplifica
tion. B, Southern blot of A was subsequently hybridized with the N-myc probe to
demonstrate that approximately equal amounts of digested DNA was presented
in the various lanes. C, total cellular RNA (30 pg/lane) from the various osteo
sarcoma lines including a human neuroblastoma line (IMR32) was hybridized. A
strong expression of the c-myc protooncogene with an approximate 2.3-kilobase
message was found in the osteosarcoma cells from the parental lines as well as
from the nude mouse tumor cell lines. No such expression was seen in the
neuroblastoma cell line known to express the N-myc gene.

(Fig. 6Ã„). Similarly, total cellular RNA showed significant
expression of a 2.3-kilobase message for the c-myc gene in the
osteosarcoma cell lines but not in a human neuroblastoma line
(IMR32) known to overexpress the N-myc gene (Fig. 6C). The
2.3-kilobase c-myc message corresponded to that which has
previously been described (15).

In situ hybridization of c-myc transcripts in cultured cells
(HTLA145) and in tumors from the nude mice was also per
formed (Fig. 7). Almost every cell analyzed in culture was
labeled, demonstrating a uniform expression of the c-myc gene
in the tumor cell population (Fig. 1A). Similarly, nude mice
tumors when analyzed in histological section clearly demon
strated tumor cells actively transcribing the c-myc gene. No
expression of the protooncogene was found in stromal cells or
blood vessel cells (Fig. IB). Analysis performed in different
areas of the tumors did not reveal any heterogeneity in regard
to levels of c-myc expression again suggesting a uniform expres
sion of the protooncogene c-myc in nude mice tumors derived
from the isolated cell lines.

DISCUSSION

The present study extends our previous work with primary
pediatrie tumors explanted in vitro. In this paper we describe
the isolation of 3 osteosarcoma cell lines from the same patient
using the previously described in vitro system (24, 25). The
system allows not only for maintenance of explanted tumors
but also enables the isolation and development of cell lines
from rare childhood neoplasms. The successful isolation of 3
cell lines from a patient with osteosarcoma opens new oppor
tunities to study this neoplasm with regard to various biological
functions including molecular events underlying its develop
ment.

Cellular heterogeneity within a tumor is a known biological
phenomenon which may have important clinical relevance for
treatment and prognosis. The 3 cell lines were developed from
small specimens from the patients malignancy and therefore
may have represented highly selected cell populations. The cell
lines however demonstrated similar cell morphology in vitro
and in vivo (nude mice) comparable to that which was observed
in the primary tumor indicating that representative specimens
were obtained from the original neoplasm. The tumorigenic
potential of the isolated cell lines demonstrates the neoplastic
origin of the cells and contrasts the nontumorigenic behavior
of the TE85 line previously developed (5).

The synthesis of collagen, mainly Type I, is a major charac
teristic of osteosarcoma cells and the presence of calcified
collagen (bone) is often used as diagnostic criterion (1). We
previously demonstrated that primary pediatrie tumors when
explanted in vitro synthesize and secrete mature collagen chains
(38), and the expression of extracellular matrix proteins has
been used to characterize human tumor cell lines in vitro (39,
40). Collagen biosynthetic profiles, previously determined in
cultured HTLA145 cells, showed the presence of substantial
amounts of collagen Type I (a-\ and a-2 chains) secreted into
the medium (31). The expression of collagen genes varied
between the different cell lines in culture. These differences in
the amount of collagen mRNA present could be due to differ
ences in message stability in these individual tumor cell lines
or as a result of culture conditions at the time of cell harvest.
Extensive expression of the pro a-1 and a-2 chains genes for
collagen type I in the osteosarcoma cell lines substantiated the
nature of the tumor cells isolated and confirmed the presence
of osteoids in the s.c. nude mice tumors. Analysis of collagen

3812

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/14/3808/2428227/cr0470143808.pdf by guest on 19 M

ay 2023



c-myc IN HUMAN OSTEOSARCOMA CELL LINES

Fig. 7. In situ localization of c-myc transcripts in cultured HTLA145 cells and
a nude mouse tumor. A, actively transcribing HTLAI4S cells in vitro after
hybridizing with the 35S-labeled c-myc probe, bar, 200 Â»im;x 450. B, histolÃ³gica!
section of a s.c. HTLA145 tumor hybridized with the c-myc probe. Tumor cells
demonstrate specific labeling while stromal and blood vessel cells and necrotic
areas did not show any incorporated labeled probe. Note the uniform distribution
of the label in individual neoplastic cells, bar, 200 (.m; x 500.

gene expression in s.c. nude mice tumors using in situ hybridi
zation strongly suggests that the extensive extracellular matrix
within the tumor was synthesized and secreted by the tumor
itself rather than by stromal cells surrounding the neoplasm.

The presence of a restriction fragment length polymorphism
in the pro a-1 chain gene in the cell line isolated from s.c. nude
mouse tumor is of importance. Such an event could have taken
place during tumor formation in the nude mouse or as a result
of in vitro selection. Genomic rearrangement within human
tumors passaged through the nude mouse has not yet been
reported and needs to be analyzed in more detail. However,
polymorphism within other structural genes such as the <>-
tubulin gene and the vimentin gene (data not shown) could not
be detected in HTLA161SQ cells, and therefore pro a-1 gene
rearrangement represents a random event.

The observation that the c-myc protooncogene was substan

tially amplified in the 3 cell lines isolated adds an additional
malignancy to the list of human tumors with c-myc involvement
(15, 41-44). c-myc amplification and expression was found in
a mouse osteosarcoma cell line after superinfection with poly-
oma virus (37); however, no report was made with human
osteosarcoma malignancies. The substantial expression of c-
myc in all 3 cell lines might have facilitated the growth of these
cells under in vitro conditions and therefore might be respon
sible for successful establishment of the cell lines, since the
protooncogene c-myc has been implicated in various biological
functions including growth control (17, 19).

c-myc amplification could also have resulted from in vitro

selection. It seems, however, highly unlikely that all 3 cell lines
would independently develop such gene amplification, and
therefore c-myc amplification must have occurred during tumor
progression. It is, however, important to notice that c-myc
amplification was also found in cells from the lung metastasis,
indicating that amplification occurred prior to dissemination.
Similar results were found with small cell carcinoma of the lung
(44).

Amplified genes have been shown to be compartmented
within double minute chromosomes or homogeneously stained
regions (45, 46). Chromosomal analysis of the 3 cell lines is
now being done to elucidate whether c-myc amplification is
contained within either double minute chromosomes or ho
mogeneously stained regions.

c-myc transcription as seen by in situ hybridization in cultured
cells as well as in tumors from the nude mice demonstrated a
uniform expression of the protooncogene among single cells.
This result contrasts with the finding of human neuroblastoma
where extensive heterogeneity of N-myc expression has been
described (47). Since c-myc may be a regulatory gene for growth
control, tumor cells with high expression of this oncogene may
have a growth advantage resulting in a homogeneous cell pop
ulation with regard to c-myc expression.

The successful isolation of cell lines from a rare childhood
neoplasm demonstrates the validity of the in vitro system pre
viously established (25). The cell lines for the first time dem
onstrate the involvement of c-myc in human osteosarcoma and
therefore represent a unique opportunity to study the role of c-
myc in tumor progression.
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