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ABSTRACT

We examined expression of the c-myc oncogene in nontransformed, in
three chemically transformed, and in two X-ray-transformed C3H/10T'/2
Cl 8 cell lines. In nontransformed OÃI IUI ' cells, c-myc was expressed

when cells were logarithmically growing, and expression decreased as
cells reached confluence. In a methylcholanthrene-transformed cell line,
MCA Si 24, c-myc expression was similar to that observed in nontrans
formed cells, while in two chemically transformed cell lines, Bleo Cl 2
and DMBA Cl 2. and in two radiation-transformed cell lines. F17 and
F29, steady-state levels of the c-myc transcript were S-7-fold greater
than observed in nontransformed < Ml IOI! cells. All cell lines, both
transformed and nontransformed, produced a 2.3-kilobase i--m.iv tran

script.
There was no detectable amplification or rearrangement of c-myc DN A

sequences in any of the cell lines examined as determined by DNA dot
blot and restriction endonuclease-Southern blotting analyses. In addition,
the r-miv gene in nontransformed and transformed cell lines showed
similar methylation patterns as determined by Hpall/Mpsl digestion
analysis, except that F19 and F29 cells lost a 0.95-kilobase Hpall band,
suggesting extra region-specific methylation in these two cell lines com
pared to C3H/10T'/2 cells. Therefore, increased c-myc expression in the

four transformed lines did not generally correlate with changes in DNA
methylation in the vicinity of the c-myc gene.

Our results suggest that expression of the c-myc gene is growth related
and that elevated steady-state levels of c-myc RNA in certain chemically
and \-ray transformed C3H/10T'/2 cell lines, such as Bleo O 2, DMBA

O 2, F17, and F29, are correlated with and may participate in conversion
to or maintenance of cells in the transformed state.

INTRODUCTION

It is now known that there are approximately 20 genes called
cellular oncogenes in the DNA of vertebrate cells that are
involved in carcinogenesis. In a number of cases the protein
products for which these genes code have been identified, and
their functional roles are becoming understood. Some are ty-
rosine-specific protein kinases, and some act directly or indi
rectly on processes regulated by growth factors (reviewed in
Refs. 1-5). Much interest has been generated concerning the
roles these genes play in normal cell growth and in the onco-
genic transformation of mammalian cells. It has also been
observed that cellular oncogenes are differentially expressed
during development, suggesting that they play a role in normal
development (6, 7).

Evidence suggests that at least two different sets of oncogenes
must be mutated or aberrantly expressed to cause neoplastic
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transformation of normal primary rodent cells (8. 9). In addi
tion, several lines of evidence suggest that changes in the
structure and/or expression of one of these oncogenes, the c-
myc gene, is involved in oncogenic transformation in certain
tumors. The expression of c-myc is elevated in virally induced
B-cell lymphomas in chickens (10). This enhanced expression
is apparently due to insertion of a strong viral promoter and
enhancer elements adjacent to the c-myc oncogene (10, 11). In
lymphoma cell lines derived from patients with Burkitt's lym-

phoma, specific chromosomal translocations involving c-myc
and immunoglobulin sequences are frequently observed (12).
Detailed molecular analysis has shown that the c-myc gene has
been placed in close proximity to one of the heavy chain
immunoglobulin genes. The resulting RNA transcript is trun
cated from the normal 2.5-kilobase message, which is produced
in normal lymphocytes, to a 2.1-kilobase message produced in
plasmacytoma cells (13). At present, it is not clear whether the
rearrangements always lead to the enhanced expression of c-
myc in these cells. In murine plasmacytomas, 15;12 transloca
tions have been observed which result in movement of the c-
myc gene from its normal position to a site in close proximity
to a heavy chain immunoglobulin gene (13). Certain human
neuroendocrine tumors with homogeneously staining chromo
somal regions have been shown to contain amplification and
enhanced expression of c-myc (14). These studies suggest that
alterations in the organization and expression of the c-myc gene
may play a role in the development of these neoplasms.

Further progress in these areas will require an understanding
of the role of the c-myc gene product in normal cellular physi
ology. The lymphocyte mitogens and platelet-derived growth
factor have been shown to activate expression of the c-myc gene
(15, 16). A number of chemically transformed fibroblast cell
lines produce platelet-derived growth factor-like substances and
show a decrease in the number of platelet-derived growth factor
receptors (17). Elevated levels of c-myc RNA weakly promote
cell growth (15). and a possible transcriptional /ra/u-activating
function of the c-myc gene product has also been suggested
(18). To date, the protein product of the c-myc oncogene is just
beginning to be characterized (19), and it appears to be a nuclear
protein which stimulates the activity of DNA polymerase (20).

We have been studying mechanisms of chemically induced
neoplastic transformation of C3H/10T'/z Cl 8 cells, a cell line

derived from C3H mouse embryos (21). These cells can be
oncogenically transformed in culture by chemical carcinogens
(Refs. 22 and 23; reviewed in Ref. 24) and radiations (25-27).
When transformed, the cells pile up forming densely staining
foci, a high percentage of which are tumorigenic when inocu
lated into immunosuppressed C3H or nude mice (22). The
chemical carcinogens, benzo(a)pyrene and A^-acetoxyacetylam-
inofluorene (23), and UV radiation (25) both cause dose-de
pendent transformation and mutation to ouabain resistance
over the same concentration ranges in these cells, suggesting
that mutation may play a role in the transformation caused by
these carcinogens (reviewed in Ref. 28).

DNA of some chemically transformed C3H/10T'/2 cell lines
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can be transfected to and transform NIH3T3 cells, suggesting
that the transformed C3H/10T'/2 cells carried oncogenic infor

mation in their DNA (29). Similarly, in mice, it has been shown
that DNAs from 2 of 4 methylcholanthrene-induced fibrosar-
comas contained a transfectable transforming gene homologous
to the Kirsten murine sarcoma virus oncogene, v-ras* (30). It
has also been shown by others that c-mos sequences were
hypermethylated and transcriptionally silent in normal and
transformed C3H/10T>/2 cells (31). Recently, we showed that
c-mos was consistently transcribed at a low level in C3H/10T'/2
Cl 8 cells and in eight different transformed lOT'/z cell lines
(32). The c-rasf1genes were not amplified in chemically trans

formed C3H/10T/2 cells (33), but altered ras oncogenes were
expressed in chemically transformed C3H/10T'/2 cells (34).

To date, there is little information on levels of c-myc expres
sion in chemically transformed cells. In a previous study from
our laboratory, we conducted a broad survey of oncogene
expression in chemically and radiation-transformed C3H/
10T'/2 cell lines (32). We found that steady-state levels ofc-fos
poly(A)+ mRNA6 were decreased in four chemically trans
formed and in two UV-, one neutron-, and one X-ray-trans
formed cell lines and that c-myc poly(A)+ mRNA was increased
in four chemically and two UV-transformed cell lines. To
determine how general the increased expression of c-myc was
in chemical and radiation-induced cell transformation and to
further define the role of c-myc in the oncogenic transformation
of chemically transformed C3H/10T'/2 cells, we extended the
range of transformed cell lines studied to include X-ray trans
formed and other chemically transformed cell lines. We also
conducted analyses to understand reasons for the increased
steady-state level expression of c-myc RNA in the transformed
cell lines by examining the organization and state of methyla-
tion of the c-myc gene in nontransformed and in chemically
and X-ray-transformed C3H/10T'/2 Cl 8 cell lines.

MATERIALS ANP METHODS

Cell Lines. Nontransformed CSH/lOT'/z Cl 8 cells and chemically
and X-ray-transformed CSH/lOT'/i cell lines were cultured in basal
Eagle's medium fortified with 10% fetal calf serum without antibiotics

in a humidified atmosphere containing 5% CO2 as described (21). All
cell lines were routinely screened and found to be negative for Myco-
plasma by growth on Mycoplasma agar and by staining with Hoechst
33258 and fluorescence microscopy.

Restriction Endonucleases. Restriction endonucleases were obtained
from New England Biolabs, Beverly, MA, and all DNAs were digested
with these enzymes according to the manufacturer's recommendations.

c-myc Probe. The cloned mouse c-myc probe was the generous gift
of Dr. Michael Cole, St. Louis University, and consisted of an Xbal-

Hindlll fragment of clone pml04BH as described (13).
Extraction of Genomic DNA. Cells were washed with ice-cold phos

phate-buffered saline and removed from dishes by scraping with a 7-
cm flat-edged rubber policeman. Cells were then centrifuged at 2000 x
g for 10 min, and the pellet was resuspended in 10-15 volumes of ice-
cold TE buffer. The solution was then made 0.2% in sodium dodecyl
sulfate. Next, proteinase K was added to yield a final concentration of
100 Mg/ml, and the solution was incubated at 37Â°Cfor 2 h. The sample

was then extracted once with phenol saturated with TE buffer followed
by three extractions with CHCl3:isoamyl alcohol (24:1, v/v). DNA was
made 0.2 M in salt, precipitated by addition of 2 volumes of 95%
ethanol, and stored at -20Â°C overnight.

In some cases, the cells were lysed in buffer containing 0.1 % Nonidet

'The abbreviations used are: poly(A)+ mRNA, polyadenylate-containing
mRNA; SDS, sodium dodecyl sulfate; TE buffer, 10 mM Tris-HCl, pH-7.4-1 mM
EOT A; MCA, 3-methylcholanthrene; Bleo, bleomycin; QMBA, 7,12-dimethyl-
benz(u)anthracene; Cl, clone; 1 x SSC, 0.15 M NaCl-0.015 M sodium citrate;
NP40, Nonidet P-40.

P-40, and the nuclei were pelleted through a 24% sucrose-containing
buffer prior to SDS and proteinase K treatment.

Extraction of Cytoplasmic RNA. Pelleted C3H/10T1/! cells (described
above) were resuspended in Iso-hi pH buffer (140 mM NaCl 10 mM-
Tris, pH 8.4-1.5 HIM MgCl2). One-tenth volume of 5% NP40 was
added, and the sample was quickly vortexed, incubated on ice for 30 s,
and centrifuged at 2000 x g for 3 min at 4Â°C.The supernatant was

stored on ice, and the pellet was resuspended in Iso-hi pH buffer,
adjusted to 0.5% in NP40, and centrifuged at 2000 x g for 3 min. The
supernatants were combined, and 1 ml of 0.1 M 100 mM NaCl-10 mM
Tris, pH 8.4-1 mM EDTA-1% SDS, 0.1 ml of 1 M Tris (pH 7.4), 0.2
ml of 0.5 M EDTA, 0.2 ml of 5 M NaCl, and 0.1 ml of 20% SDS were
added to 10 ml of cell suspension. This suspension was extracted twice
with phenol:CHC!3 (1:1, v/v) preequilibrated with 100 mM NaCl-10
mM Tris, pH 8.4-1 HIMEDTA-1% SDS buffer. The aqueous phase was
further extracted twice with chloroform and adjusted to 0.3 M NaCl by
addition of 3 M sodium acetate (pH 5.4). RNA was precipitated by
addition of 2 volumes of 95% ethanol and stored at -20"C overnight.

In some cases, RNA was also purified according to the method of
Maniatis et al. (35), starting from a cytoplasmic preparation.

Cytoplasmic RNA was poly(A)+ selected over oligodeoxythymidylate

cellulose as described previously (36).
Gel Electrophoretic Analysis of RNA. RNA was size fractionated on

agarose gels in 0.2 M 3-(JV-morpholino)propane sulfonic acid, pH 7.0
50 mM sodium acetate-1 mM EDTA containing 2.2 M formaldehyde
(37). The gel was run in recirculated 0.2 M S-^-morpho-
lino)propanesulfonic acid, pH 7.0-50 mM sodium acetate-1 mM EDTA
buffer. RNA was transferred to nitrocellulose paper in 10 x SSC by
the method of Southern (38) and hybridized to c-myc DNA. Ribosomal
markers and a RNA size ladder (Bethesda Research Laboratories,
Gaithersburg, MD) were used to determine the size of the c-myc-specific
transcript in all Northern gel analyses.

RNA Dot Blot Analysis. Cytoplasmic RNA was prepared by the
procedure of White and Bancroft (39) for dot blot analysis. Cells were
scraped from 100-mm tissue culture dishes and pelleted in a 1.5-ml
microcentrifuge tube in phosphate-buffered saline. Ice-cold TE buffer
(0.045 ml) and 0.005 ml of a 5% solution of NP40 was added to the
cell pellet. This suspension was vortexed on ice for 5 min. An additional
0.005-ml aliquot of 5% NP40 was added, and the sample was then
centrifuged at 10,000 x g for 2.5 min at 4Â°C.The supernatant was

transferred to another tube containing 0.030 ml of 20 x SSC and 0.020
ml of 37% formaldehyde and was incubated at 60Â°Ofor 15 min. Samples
were stored at â€”70Â°Cuntil use. The volume of the samples were

adjusted with 20 x SSC such that RNA from an equivalent number of
cells was present in each sample. Samples were filtered onto nitrocel
lulose paper using a dot blot hybridization manifold (Schleicher and
Scimeli). Filters were baked at 80Â°Cin a vacuum oven for 2-3 h and
then hybridized with 32P-labeled probes at 42Â°Cwith 50% formamide

and 10% dextran sulfate for 1-2 days and autoradiographed.

RESULTS

Expression of c-myc RNA in Growing and Confluent Nontrans
formed C3H/10TV2 CI 8 Cells. We first analyzed expression of
c-myc RNA in growing and confluent nontransformed C3H/
lOT'A Cl 8 cells to determine whether expression of this gene
correlated with cell growth. As well as obtaining information
on whether expression of c-myc was growth correlated, it was
important to determine the levels of c-myc transcript as a
function of the growth state of cells to correctly compare c-myc
expression in the chemically transformed and nontransformed
C3H/10T'/2 cells. RNA was isolated from nontransformed
C3H/10T'/2 Cl 8 cells at different points during the cell growth
curve (Fig. \A) and analyzed for c-myc expression (Fig. IB).
Cells in log phase expressed c-myc (Fig. IB, Samples F-D).
However, as the cells reached confluence, c-myc expression
decreased (Fig. IB, Samples C-A). Therefore, in nontrans
formed C3H/10T'/2 cells, c-myc expression correlated with cell
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Fig. 1. Expression of c-myc in nontransformed C3H/10T'/2 cells at different
phases during the growth curve by RNA dot blot analysis. I, growth curve of
C3H/10T'/2 cells analyzed for expression of c-myc at the indicated times by
extracting RNA from them and performing RNA dot blot analysis. Letters with
arrows, day on which RNA was extracted from the cells and match the RNA dot
blot analyses below, li. dot blot analyses of total cytoplasmic RNA from cells at
the various times in the growth curve above. I ( . RNA from confluent nontrans
formed C3H/10T'/2 cells. D-F, RNA was extracted from nontransformed loga
rithmically growing C3H/10T'/2 cells. G, RNA was extracted from bleomycin-
transformed (Bleo CI 2) cells. H, RNA was extracted from MCA Si 24 trans
formed cells. Since these latter two (G and Ih chemically transformed cells do
not reach a discrete confluent state, RNA was extracted from a state corresponding
to late log phase of the nontransformed C3H/IOTV: cells. Ordinate, dilution of
RNA spotted onto the filter. C, Northern analysis of total cytoplasmic c-myc
RNA using the mouse c-myc gene as a probe. Lane I, RNA from log phase C3H/
lOT'/i cells. Lane 2, RNA from confluent C3H/10TVZ cells. Lane 3, RNA from
MCA Si 24 cells. Lane 4, RNA from bleomycin clone 2 transformed cells. Ten
Â«igof total cytoplasmic RNA were added per lane. The transcript is 2.3 kilobases
long. D, RNA dot blot analysis of total cytoplasmic RNA extracted from C3H/
10T'/2 Cl 8, DMBA CI 2, F17, and F29 cell lines. RNA was purified from log
phase cells without prior medium changes and dotted onto nitrocellulose mem
branes at IS and 7.5 Mg/cell line. Hybridization with the myc probe was in the
presence of 10% dextran sulfate at an activity of 6 x 10s cpm/ml and a specific
activity of 8 x 10*cpm/Mg of c-myc DNA probe. Hybridization was for 48 h, and
the wash was at 60'C with a 0.2 x SSC wash solution. Cells were not medium

changed in this experiment.

growth. We also found that steady-state levels of c-myc RNA
in C3H/10TV2 Cl 8 cells increased 3-5-fold when medium was
changed 24 h prior to cell harvesting and RNA purification
(not shown).

Expression of c-myc in Nontransformed and Chemically Trans
formed C3H/10T'/2 Cell Lines. The biological characteristics of
the chemically and X-ray-transformed cell lines used in this
study are shown in Table 1. Dot blot analysis of total cyto

plasmic RNAs from log phase Bleo Cl 2 and MCA Si 24 cells
showed that these cells also expressed c-myc (Fig. \B, Samples
G and H). The bleomycin-transformed clone expressed higher
levels of c-myc (Fig. IB, Sample G) than did nontransformed
C3H/10T'/2 Cl 8 cells. Densitometric analysis and comparisons

of RNA dot blot autoradiograms (Fig. IB, Lane G) and North
ern gel analysis (Fig. 1C, Lane 4) indicated that the bleomycin-
transformed cell line exhibited 5-fold higher steady-state levels
of c-myc RNA than nontransformed log phase C3H/10T'/2

cells. A second chemically transformed cell line, MCA Si 24,
produced an amount of c-myc RNA similar to that produced
by nontransformed log phase C3H/10T'/2 cells (Fig. IB, Lane
H; Fig. 1C, Lane 3). RNA dot blot analysis of c-myc transcrip
tion in a third chemically transformed clone, DMBA Cl 2, and
in two X-ray-transformed clones, F17 and F29, is shown in
Fig. ID. In these transformed cell lines, 5-, 8-, and 7-fold
increases in steady-state levels of c-myc RNA, respectively, were
found. No significant changes in c-myc transcription as deter
mined by RNA dot blot analysis were observed in these three
transformed cell lines as a result of a medium change 24 h prior
to cell harvesting (not shown).

We next determined the size of c-myc transcripts in total
cytoplasmic RNA produced by each different cloned cell line.
Cytoplasmic RNA was isolated from each clone and size frac
tionated on agarose gels. Firstly, we noted that the size of the
major c-myc transcript in the nontransformed C3H10T'/z Cl 8

cells, in the tissue of whole mouse embryos, and in adult mouse
liver was the same, 2.3 kilobases (Fig. 2, left). There appeared
to be an extra 14-kilobase transcript specific to liver. C3H/
10T'/2, MCA Si 24, and Bleo Cl 2 cells also all produced a 2.3-
kilobase c-myc transcript (Fig. 1C). Similarly, the size of the c-
myc transcript in the transformed cell lines DMBA Cl 2, F17,
and F29 was also 2.3 kilobases (Fig. 2, right). In a Northern
gel analysis of poly(A)-selected RNA from C3H/10T'/z and
Bleo Cl 2 cells, the size of the c-myc transcript was also 2.3
kilobases (Fig. 3). In addition, this latter experiment also con
firmed that there was a 5-fold increase in steady-state levels of
poly(A)+ c-myc transcripts in Bleo Cl 2 cells. Hence, there were
no significant changes in the size of the c-myc transcript in
C3H/10T'/2 cells compared to whole mouse embryo tissue or

between nontransformed and transformed cell lines.
State of the c-myc Gene in Chemically Transformed and Non-

transformed C3H/10T'/2 Cells. We examined several chemically
transformed C3H/10T1/: cell lines to determine whether there
was amplification of c-myc sequences present in the genomic
DNA of these cells. Cell lines studied included Bleo Cl 1, Bleo
Cl 2 at three different passage numbers, MCA Cl 16 [a meth-
ylcholanthrene-transformed cell line (21), which expresses 5-
fold more c-myc RNA than 10T'/2 cells (32)], DMBA Cl 2 [a
dimethylbenzanthracene-transformed cell line (22)], and non-
transformed C3H/10T'/2 Cl 8 cells. Genomic DNA was isolated

from each cell line and aliquots were spotted onto nitrocellulose
filters. The filters were hybridized with a 32P-labeled mouse c-

myc probe. Equivalent hybridization was observed with the
nontransformed and all four chemically transformed C3H/
10T'/2 clones examined (Fig. 4). Therefore, we conclude that
no amplification of endogenous c-myc sequences had occurred
in any of these chemically transformed cell lines.

We next studied whether there were any translocations of
endogenous c-myc sequences in the chemically transformed cell
lines MCA Si 24, MCA Cl 16, Bleo Bl and Bleo B2 and in
UVC3 (a UV-transformed lOT'/z cell line), all of which except
Si 24 have elevated levels of c-myc RNA expression. Genomic
DNA from each cell line was digested with a variety of restric-
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Table 1 Characteristics of cell lines studied
All data in this table were generated in this laboratory except where stated otherwise.

CeUlineC3H/10TV4

a 8
Bleo Cl 1*
Bleo Cl 2*

58MCAC1 16
MCA Si 24"

DMBA Cl2FirFWAgent

used to
transformcellsBleomycin

Bleomycin
3-Methylcholanthrene
3-Methylcholanthrene
7, 12-Dimethylbenzanthracene
X-irradiation
X-irradiationPlating

efficiency
in soft agarose

(%)0.001

0.6
1.126

Â±Ie

16 Â±5
20Â±6NDTumorigenicity

(no. of mice with
tumors/no, totalinjected)0/4

(nudemice)1/4

(nude mice)
4/4 (nudemice)b0/4

(nudemice)NryNDRef.

to work in
which the indicated
cell line wasderived2042

42
2121

27
27

Â°Bleo B Cl 1 and Bleo Cl 2 were obtained via the courtesy of Dr. William F. Benedict, Children's Hospital of Los Angeles. MCA Si 24 was generously donated

by Dr. A. Sivak, Arthur D. Little, Inc., Cambridge, MA.
* For data obtained at other times by other investigators.
' Mean Â±SD.
' A. Sivak, personal communication.
' F17 and F29 cell lines form type HI foci, and F17 grows in soft agar (Ref. 26 and unpublished data).
' ND, not determined.
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0.7 1.0 2.9
Fig. 2. I fit. Northern gel analysis of cytoplasmic c-myc RNA using the mouse

c-myc gene as a probe. Lane 1, RNA from the livers of adult C3H mice; Lane 2,
RNA from log phase lOT'/i cells; Lane 3, RNA from the tissue of whole mouse
embryos. Right, Northern gel analysis of total cytoplasmic RNA from log phase
C3H/10T1/] Cl 8, DMBA Cl 2, F17, and F29 cell lines. Medium was changed on
cells 24 h prior to cell harvesting and RNA purification. Nuclei were pelleted
before the phenol extraction and the cytosol was used in the RNA extraction.
The amount of RNA from various cell lines that was added in each lane was:
C3H/10TV1 Cl 8, 9.6 Mg;DMBA Cl 2, 18.4 Kg; F29, 16.5 Â».g;F17, 7.7 ^g. When
quantitative densitometry was performed on the Northern gels and the myc RNA
determined by densitometry was normalized to the amount of total RNA loaded
on the gels, the relative amount of myc RNA per cell lines was: C3H/10T'/j CI
8, 1.0; DMBA Cl 2, 1.8; F29, 1.4; and F17, 0.8. Note that the extra medium
change increases the amount oÃmyc RNA in the C3H/10TY: Cl 8 cells, bringing
it up to the levels in the transformed cells. Essentially the same results were
obtained in a RNA blot if the medium was changed on the cells 24 h before
harvesting, ko, kilobase.

tion endonucleases known to cut within or outside the c-myc
coding region. The restricted DNA was size fractionated on
agarose gels, transferred to nitrocellulose filters, and hybridized
with the 32P-labeled myc probe. Equivalent hybridization pat

terns for all cell lines were observed following digestion of
cellular DNAs from C3H/10T/2 CI 8, MCA Si 24, MCA Cl
16, Bleo Cl 2, UVC3, and Bleo Bl with Eco RI, Hindlll, Siri,
and BamHl (Fig. 5). These results indicated that major trans-
locations detectable by these restriction endonucleases have not
taken place in the vicinity of the c-myc-coding region of the
four chemically and one UV-transformed cell lines relative to
nontransformed C3H/10T'/2 Cl 8 cells. Therefore, gene rear-

2.3 kB-

B
Fig. 3. Northern analysis of polyadenylated RNA from subconfluent (A) C3H/

10T'/2 Cl 8 or (B) Bleo Cl 2 cells, run in 1% agarose gels. Ten ,ig
RNA from each cell line were loaded per lane, kb, kilobase.

â€¢â€¢Â»Â»â€¢â€¢â€¢â€¢Â»

2

1

ABCDEFGHI
Fig. 4. DNA dot blot analysis of c-myc in cloned C3H/10T'/: cell lines. From

top to bottom, 5, 2, or 1 un of DNA from the various cell lines were spotted onto
nitrocellulose and hybridized with the c-myc probe. The cell lines analyzed here
were: A, Bleo Cl 1 at passage 20; B, C, and It. Bleo Cl 2 at passages 13. 27, and
39; E, F, C3H/10T'A Cl 8 cells at passages 7 and 8, respectively; G, MCA Cl 16;
//. DMBA Cl 2 at passage 28; /, DMBA Cl 2 at passage 35.

rangement does not account for the observed increase in c-myc
RNA levels in the transformed cells.

Since differences in the expression of c-myc RNA were ob
served in the different C3H/10T'/2 cell lines, we next deter
mined the state of methylation in the vicinity of c-myc gene.
Genomic DNAs from C3H/10T'/2 Cl 8, MCA Si 24, Bleo Cl

2, DMBA Cl 2, F17, and F29 cells were completely digested
with the isoschizomers Hpall and Mspl, size fractionated on
agarose gels, and hybridized with the 32P-labeled c-myc probe.
All cell lines showed similar methylation patterns of the c-myc
locus, although the loss of the 0.95-kilobase Hpall bands in
F29 and F17 cells indicates there might be extra methylation
of the c-myc gene in F29 and F17 cells (Fig. 6). Therefore,
changes in the observed expression of c-myc in the chemically
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C Table 2 Summary of transformed C3H/10Tv, CI 8 cell Unes showing increased
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Fig. 5. Restriction endonuclease-Southern blotting analysis of DNAs from
nontransformed and chemically transformed C3H/10T'/2 cell lines. Genomic
DNAs were digested with restriction enzymes, size fractionated on 1% agarose
gels, and hybridized with the c-myc probe. A, EcoRl digest of DNAs from C3H/
10T'/2 clone 8 (lane /), MCA Si 24 (Lane 2), MCA Cl 16 (Lane 3). and Bleo CI
2 (Lane 4) cells. B, HindiU and Sstl digest of DNAs from C3H/10T'/2 Cl 8 (Lane
I). MCA Si 24 (Lane 2). and Bleo Cl 2 (Lane 3) cells. C, //Â«mill digest of DNAs
from C3H/10T-/J Cl 8 (Lane I). MCA Si 24 (Lane 2). and Bleo Cl 2 (Lane 3)
cells.
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Fig. 6. Southern gel analysis determination of the state of methylation of c-

myc DNA in nontransformed and chemically transformed ( Hl IOI ' â€¢cells.
Total genomic DNA was extracted from the indicated cell lines, digested with
//pall or Mspl. electrophoresed. blotted, and hybridized with the c-myc probe.
DNA was extracted from log phase F29 cells (Lanes 1 and 7), FI7 cells (Lanes 2
and *), DMBA Cl 7 cells (Lanes 3 and 9). Bleo Cl 2 cells (Lanes 4 and 10). MCA
Cl 6 cells (Lanes 5 and in. and C3HIOT'/2 Cl 8 cells (Lanes 6 and 12). DNAs in
Lanes 1-6 were digested with Hpall. DNAs in Lanes 7-12 were digested with
Msp\. kb. kilobase.
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and radiation-transformed 101'1 .â€¢cells studied in the present

report were not accompanied by gross changes in DNA meth
ylation detectable by Mspl/Hpall analysis that were consistent
across all transformed cell lines studied.

DISCUSSION

In this report, we examined expression of c-myc in nontrans
formed, in three chemically transformed, and in two X-ray-
transformed C3H/10T'/2 cell lines. In nontransformed C3H/
10T'/2 cells, c-myc expression correlated with the growth of the
cells, c-myc expression was observed while the cells were in log
phase and decreased as cells reached confluence. This is similar
to results found in BALB/c 3T3 A31 cells by Campisi et al.
(40). In chemically transformed BALB/c 3T3 A31 cells. Cam
pisi et al. found that c-myc expression was constitutive as a
function of the growth state of the cells, whereas in nontrans
formed BALB/c 3T3 A31 cells the expression of c-myc de
creased during the quiescent phase.

It was interesting that c-myc was expressed in all C3H/10T'/2

cell lines examined, whether nontransformed or chemically or
X-ray transformed. The three chemically and two X-ray radia
tion-transformed clones we examined all expressed c-myc RNA.
MCA Si 24 expressed levels of c-myc RNA similar to those
expressed by nontransformed clone 8 cells, while the cell lines
Bleo Cl 2, DMBA Cl 2, F17, and F29 expressed 5-, 5-, 8-, and
7-fold higher steady-state levels, respectively, of c-myc RNA.
Although these cell lines expressed different amounts of c-myc,
all cell lines examined expressed a 2.3-kilobase c-myc transcript,
similar to the c-myc RNA transcript size in adult mouse liver
and in whole fetal tissue and similar to the reported size of the
c-myc transcript produced by BALB/c 3T3 cells ( 13). In murine
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plasmacytomas, a truncated c-myc transcript 2.1 kilobases long
is synthesized due to rearrangements in the chromosomal lo
cation of c-myc in these cell lines ( 13). The fact that we observed
a complete c-myc transcript 2.3 kilobases long in all C3H/
HIT' .' cell lines we examined indicates that rearrangements

similar to those occurring in murine plasmacytomas have not
occurred in nontransformed or in these chemically and radia
tion-transformed C3H/10T'/2 cell lines.

Our DNA dot blot analyses suggest that amplification of c-
myc has not taken place in any of the clones we examined. In
addition, our studies comparing the hybridization patterns of
c-myc in the genotnic DNAs isolated from each clone and cut
with a variety of restriction endonucleases indicated that no
changes in nucleotide sequence at those restriction sites have
occurred, and the state of methylation determined by flptill/
Msp\ analysis is similar in nontransformed and chemically
transformed C3H/10T'/2 cells. Some extra methylation may

have occurred in the F17 and F29 cell lines but this does not
appear to affect the already elevated levels of c-myc expression,
although this aspect requires further study. This analysis further
suggests that no major rearrangements at the c-myc locus have
occurred in the conversion of the nontransformed C3H/10T'/2

Cl 8 cells to the transformed phenotype. Rearrangements or
amplifications of the c-myc gene were also not found by others
in chemically transformed BALB/c 3T3 A31 cells (40). How
ever, we cannot exclude the possibility that smaller mutations
such as point mutations might have occurred in promoter
regions of the c-myc gene which could be responsible for the
higher steady-state levels of c-myc transcript in the transformed
cell lines. Further experiments involving DNA transfection,
cloning, and DNA sequencing analyses are necessary to inves
tigate this point.

Recent reports have shown that it required activation of at
least two oncogenes to fully transform primary cells (8, 9). For
example, transfection of a mutated ras gene plus c-myc under
the control of a SV40 promoter was needed to transform
primary rat fibroblast cells. When cells were transfected with
only the ras gene, no transformation was observed. Addition
ally, it has been shown that when primary cells were transfected
with myc alone they were "immortalized" but were not neo-

plastically transformed (8). The cells must be cotransfected with
ras and myc genes to be oncogenically transformed (8). These
results were in basic agreement with the stepwise progression
of rodent cells from "normality" to the neoplastically trans

formed phenotype (41 ). The first step may be the activation of
one oncogene while the second step may involve activation of
a second oncogene.

Our results demonstrating increased steady-state levels of c-
myc in the transformed Bleo Cl 2, DMBA Cl 2, F17, and F29
clones suggest either that bleomycin, DMBA, and X-ray treat
ment has resulted in increased c-myc expression in these cell
lines or that this change arises after the transformation of these
cell lines. Since Bleo Cl 2 cells grow in soft agarose and are
weakly tumorigenic in nude mice [1 tumor of 4 mice after
injection of IO6 cells (Table 1)], increased c-myc expression is

correlated with the morphologically transformed and anchor
age-independent phenotypes of these cells. In a previous pub
lication from our laboratory, we showed that three additional
chemically and two UV-transformed cell lines also show higher
steady-state levels of c-myc (32). Between this report and our
previous publication, we showed that 5 of 6 of the chemically
transformed cell lines, 2 of 2 UV-transformed cell lines, 3 of 3
X-ray-transformed cell lines, and 1 of 1 neutron-transformed
cell lines showed elevated c-myc levels (summarized in Table

2). Therefore, 11 of 12 or 92% of the chemically, UV-, and X-
ray-transformed C3H/10T'/2 cell lines showed elevated (>2-
fold) steady-state c-myc RNA levels, and elevation of c-myc
RNA levels appears to be a frequent, but not an absolute,
general correlate of chemical and radiation transformation in
10T'/2 cell lines. Further studies which are in progress will be
required to determine whether elevated steady-state levels of c-
myc RNA in these transformed cell lines resulted in elevated c-
myc protein levels and whether elevated steady-state c-myc
protein levels are causal or merely correlative in this transfor
mation.

Increased expression of the c-myc gene product may play a
role in the neoplastic transformation of these cells. Since the c-
myc protein appears to have DNA polymerase-stimulating ac
tivity (20), a higher level of this protein may be related to an
increased ability of the transformed cells to proliferate at con
fluence. Additionally the c-myc protein has transcriptional
ira/w-activating activity (18); accordingly increased levels of
this oncogene may help maintain high transcriptional levels of
other oncogenes or gene products necessary for expression of
the transformed phenotype. Low levels of c-myc expression
may be required in the normal growth of C3H/10T'/2 cells.
Evidence for this came from our experiments clearly demon
strating that c-myc was expressed in these cells while the cells
were in log phase but decreased as the cells reached confluence
(this paper and Ref. 32). Such a change in cellular levels of c-
myc would be consistent with the proposed DNA polymerase-
stimulatory activity and transcriptional control activity of the
c-myc protein and with the general shutdown of RNA and
protein synthesis that is known to occur in lOT'/z Cl 8 cells

when they reach confluence. Therefore, in some transformed
C3H/10T'/2 cell lines, such as DMBA Cl 2, Bleo Cl 2, F17,
and F29, regulation of c-myc expression is altered relative to
its regulation in KIT'/.- Cl 8 cells, and this may contribute to

the conversion to and/or maintenance of cells in the neoplastic
state.
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