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ABSTRACT

Ã€tumorigenic human hepatoma cell line, Hep G2, has been shown to
have high steady-state levels of c-myc transcripts compared to normal
human liver. We have now characterized c-myc expression in Hep G2
cells with regard to message stability, gene rearrangements, gene ampli
fication, chromosomal translocations, promoter utilization, and the effects
of protein synthesis inhibitors. We have determined that the half-life of
the Hep G2 c-myc transcript is approximately 20 min and conclude that
the high steady-state level of c-myc mRNA is not the result of a specific
stabilization of the i--mycmessage but probably results from increased c-
myc gene transcription, c-myc expression in Hep G2 cells appears to be
constitutive, since it remains constant in different cell growth states (log
phase versus nondividing cells). The high constitutive expression of the
c-myc gene in Hep G2 cells could not be explained by gene amplification,
gene rearrangements, or chromosomal translocations. However, based on
an Si nuclease protection assay, the P1/P2 promoter utilization ratio is
approximately 1/1 which differs from the 1/5 P1/P2 ratio observed in
normal human liver. Treatment with cycloheximide, a protein synthesis
inhibitor, does not superinduce Hep G2 c-myc transcription based on
transcription "run on" and RNA slot blot analysis. However, cyclohexi

mide treatment does exert a posttranscriptional effect involving the
specific stabilization of the c-myc message.

INTRODUCTION

Recent studies have suggested that the c-myc protooncogene
may participate in the formation and/or maintenance of hepa-
tocellular carcinomas. For example, the c-myc gene is amplified
and overexpressed in certain Morris hepatoma cell lines (1). In
addition, the steady-state level of c-myc gene transcripts are
elevated in certain chemically induced primary liver tumors (2-
5). In one experimental model system, increased c-myc expres
sion is associated with an early event in hepatoma formation
(5), while in a different experimental system, c-myc expression
may be more associated with the final stage of progression (4).
These data suggest that the c-myc gene may participate at some
stage in hepatocyte transformation. However, other data indi
cate that the c-myc gene may be essential but not sufficient for
hepatocyte transformation, since increased c-myc expression in
the absence of hepatoma formation was found in livers of a
transgenic mouse strain carrying a mammary tumor virus long
terminal repeat-c-myc fusion gene (6). These data are consistent
with reports indicating that another event, such as activation of
another protooncogene (i.e., ras), is necessary to complement
myc in the transformation of normal cells (7-10).

Unlike other protooncogenes, such as the c-ras family mem
bers whose mechanism of transformation appears to be caused
by qualitative alterations, the c-myc gene appears to induce
transformation by increased expression of the normal gene
product. Increased expression of the c-myc gene may result
from integration of a proviral promoter sequence near the c-
myc gene (11); gene amplification (12-14); translocation or
rearrangements (15-17); alterations in a normal transcriptional
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repressor (18); deletions involving the untranslated first exon
(19); or alterations in the utilization of the normal c-myc gene
promoter sequences (20). However, to date there have been no
reports suggesting a mechanism for the increased c-myc expres
sion in the transformed hepatocyte.

We have previously reported that a tumorigenic human hep
atoma cell line, Hep G2, originally isolated and described by
Knowles et al. (21), is characterized by increased steady-state
levels of c-myc gene transcripts coupled to expression of an
activated N-ros gene (22). In the present report we describe
experiments which further characterize and define c-myc gene
expression in Hep G2 cells. We demonstrate that the Hep G2
c-myc gene is constitutively expressed, may be regulated post-
transcriptionally by a short-lived protein molecule and has an
alteration in normal promoter utilization compared to normal
human liver.

MATERIALS AND METHODS

Cell Lines and Tissue Samples. Hep G2 cells, a human hepatoma
cell line (21), were grown in minimal essential media supplemented
with 10% fetal calf serum, penicillin (50 units/ml), and streptomycin
(50 jig/ml). Normal human liver samples were obtained from kidney
transplant donors who were maintained on life support systems until
kidney removal and lobectomy (supplied by D. Davis and A. Boobis,
Department of Clinical Pharmacology, Royal Postgraduate Medical
School, London, England). Normal human placenta DNA was supplied
by C. Heilman (National Cancer Institute, NIH, Bethesda, MD).

RNA Isolation and Northern Blotting. Approximately 6x10" cells

were used for each isolate. RNA was isolated with guanidine thiocyanate
by the method of Schweizer and Goerttler (23) and enriched for poly(A)
RNA2 by oligo thymidylate cellulose chromatography (24). Electropho-

resis of poly(A) RNA samples on horizontal denaturing formaldehyde
agarose gels with subsequent transfer to nitrocellulose membranes was
performed as previously described (25). Membranes were hybridized to
32P-nick-translated DNA probes (26) (specific activity, >1 x 10" cpm/
jig DNA) for 17 h at 42Â°Cin 50% deionized formamide, 5 x SSC, 5 x

10 HIM phosphate buffer, pH 7.5, 3 x PM, and 0.1% SDS with 0.5
mg/ml yeast tRNA carrier. Blots were washed at moderate stringency
(2 x SSC/0.1% SDS at room temperature for 40 min with a total of 4
changes and 0.1 x SSC/0.1% at 45Â°Cfor 30 min with a total of 3

changes), and exposed to Kodak XAR-5 X-ray film with intensifying
screens. After exposure to film, Northern blots were washed (boiled for
8 min in water) and reprobed with an actin cDNA probe to confirm
that all lanes had equal amounts of RNA. Quantitative densitometry
was performed by using a Beckman DU-8 computing spectrophotom-
eter.

Slot blot analysis of RNA samples was performed with the apparatus
and procedures provided by Schleicher & Schuell (Keene, NH). For
quantitative estimates, after hybridization, washing and exposure to
film, the individual slots of the blot were cut out and radioactivity was
measured by liquid scintillation counting.

DNA Isolation and Southern Blotting. High molecular weight cellular
DNA was extracted from normal human liver, normal human placenta,
and Hep G2 cells utilizing sequential treatments of proteinase K (Boeh-
ringer Mannheim, Indianapolis, IN) and ribonuclease A (Worthington
Diagnostic Systems, Inc., Freehold, NJ) (27). DNA samples (30 ng)
were digested to completion with the designated restriction enzyme

2The abbreviations used are: poly(A) RNA, polyadcnylalc containing RNA;

SSC, standard saline citrate (0.15 M NaCl/0.015 nl trisodium citrate); PM, 0.02%
Ficoll/0.025% polyvinylpyrrolidone/0.02% bovine serum albumin; SDS, sodium
dodecyl sulfate; cDNA, complementary DNA.
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(International Biotechnologies, Inc., New Haven, CT) for 2 h at 37"C,

and fractionated on 1% agarose gels in Tris-acetate-EDTA buffer, pH
7.8. The fractionated DNA was then transferred to Nytran filters
(Schleicher & Schuell) and hybridized overnight at 37Â°Cto cDNA
probes which were 32P-nick-translated to high specific activity (see
"RNA Isolation and Northern Blotting"). The hybridization buffer

contained 50 mM Tris (pH 7.5), 3 x SSC, 1 mM EDTA, 5 x PM, 0.5%
SDS, and 50% deionized formamide with 100 fig/ml herring sperm
DNA as carrier. After hybridization, all Southern blots were washed at
medium stringency (3 x SSC/0.1% SDS at room temperature for 45
min with a total of 3 changes, and 0.1 x SSC/0.1% SDS at 55*C for

30 min with a total of 2 changes), and exposed to Kodak XAR-5 X-ray

film with intensifying screens.
Karyotypic Analysis. Colcemid treatment, fixation, hypotonie swell

ing, and Giemsa band-staining technique have been previously described
(28, 29).

Si Nuclease Protection Assay. The Si protection assay was performed
essentially as described by Kelly et al. (30) and Taub et al. (20). Single-
stranded, uniformly labeled DNA probes were prepared from an Ml3
template containing a human c-myc sequence (see below). Second
strands were synthesized with 32P[dATP] (800 Ci/m), digested with
Hind///, and the labeled strand was isolated on an 8 M urea-5%
acrylamide gel. Hybridization temperature was 56*C with conditions

as described by Taub et al. (20). After terminating the hybridization
reaction using 750 units of Si nuclease (Boehringer Mannheim) for 1
h at 37"C, the fragments were separated on 8 M urea-5% acrylamide

gels, followed by autoradiography.
Transcription Elongation Assay in Isolated Nuclei. Transcription rates

of the c-myc gene in control and cycloheximide-pretreated Hep G2 cells
were determined by "run on" transcription experiments in isolated

nuclei, essentially as described by Schibler et al. (31). Nuclei were
isolated from approximately 3 x IO8 cells using Nonidet I' 40 as a

lysing agent and purified by centrifugation through a sucrose cushion
as described previously (31, 32). Radiolabeled RNA was synthesized by
using 400 itCi (32P]UTP (500 Ci/mmol (31). Linearized plasmid (8 /tg)

containing the third myc exon (see below) was blotted onto Nytran
filters (filters and apparatus by Schleicher & Schuell). Filters were
prehybridized in a large excess of 50% deionized formamide (v/v), 50
mM sodium phosphate buffer (pH 7.2), 0.75 M NaCl, 0.5% SDS, 2 mM
EDTA, 10 x PM, and 400 /ig/ml herring sperm DNA at 45*C for 24
h. Hybridization was performed at 42*C for 48 h in 5 ml of the
prehybridization solution, except that 1 x IO5cpm radiolabeled RNA

was added. Following hybridization, filters were washed twice (20 min
each) at 37Â°Cin 3 x SSC/0.1% SDS, once (20 min) at 37'C in 2 x
SSC with ribonuclease A (20 ^g/ml), and finally at 60Â°Cin 0.2 x SSC/

0.1 % SDS for 30 min. Following autoradiography, individual slots were
quantified by liquid scintillation counting.

Probes. The 5' c-myc probe (20), which is an 860-base pair Pvull/
PvÂ«IIfragment extending 350 base pair 5' of the PI promoter to 40

bp before the splice donor site, was supplied by K. Kelly (NIH, Bethesda,
MD). The 3' c-myc probe is a 1.6-kilobase pair C/al/EcoRl fragment

corresponding to the third myc exon (33). An actin cDNA clone was
supplied by B. Patterson (NIH, Bethesda, MD) (34), and a phenobar-
bital-inducible rat P-450 clone (R 17) was supplied by M. Atchinson
and M. Adesnik (New York University, New York, NY) (35).

RESULTS

Half-Life of the Hep G2 c-myc Transcript and the Effects of
Cycloheximide. We have previously reported that the steady-
state level of c-myc transcripts in Hep G2 cells is greatly
elevated compared to normal human liver (22). We have now
determined if this is the result of increased c-myc gene tran
scription in Hep G2 cells or due to a specific stabilization of
the Hep G2 c-myc RNA. This was done by determining the
half-life of the Hep G2 c-myc transcript by inhibiting RNA
synthesis with actinomycin D and examining the disappearance
of c-myc mRNA over time by Northern blot analysis. Initial
dose-response experiments determined that actinomycin D, at

a final concentration of 8 jig/ml, inhibited [l4C]uridine incor
poration into acid-insoluble pools by 96% in Hep G2 cells.
Poly(A) RNA was extracted from Hep G2 cells before and at
various times after actinomycin D treatment (8 Â¿ig/ml),and was
analyzed by using a human 3' myc gene cDNA probe. Fig. \A

shows that 60 min after actinomycin D treatment no myc-
specific transcripts could be detected. Quantitative densito-
metric analysis of this blot and replicate experiments indicated
that the half-life of the Hep G2 c-myc transcript is approxi
mately 20 min (Fig. I/I). As control, these blots were washed
(boiled for 8 min in water) and rehybridized to a cDNA /3-actin
probe, which is a normal "housekeeping" gene with a very

stable transcript. As seen in Fig. Ili, all lanes had equal amounts
of hybridizable RNA.

The estimated half-life of the Hep G2 c-myc transcript is in
good agreement with the estimated half-life of this gene tran
script in other normal and transformed human cells (36). These
data indicate that the high steady-state level of c-myc transcripts
in Hep G2 cells is not the result of a specific stabilization of
the message, but probably results from increased c-myc gene
transcription. It should be pointed out that actual comparisons
of c-myc transcriptional rate in Hep G2 cells and normal human
liver by transcription run on experiments were not performed
due to the difficulty in isolating intact nuclei from these human
liver samples, which were immediately frozen in liquid nitrogen
when originally isolated.

Recent reports have shown that protein synthesis inhibitors
such as cycloheximide or emetine may cause a superinduction
of myc mRNA (30, 36), suggesting that the myc gene may be
under the negative control of a labile protein(s) (30). This
negative control element could, theoretically, function at the
transcriptional or posttranscriptional level (30). The effect of
cycloheximide on Hep G2 c-myc expression was therefore
tested. Preliminary dose-response experiments determined that
cycloheximide, at a final concentration of 10 Â¿tg/ml,inhibited
[35S]methionine incorporation into acid-insoluble pools by 94%.
Fig. IA shows that a brief 15-min pretreatment with cyclohex
imide (10 ng/ml), followed by treatment with actinomycin D (8
Mg/ml) for 60 min, increased the level of c-myc transcripts equal
to that of control samples (0 time point). As control, cyclohex
imide had no effect on /3-actin transcripts (Fig. IB).

The cycloheximide pretreatment effect on the steady-state
level of c-myc mRNA seen in Fig. \A could be explained by
either a superinduction of c-myc transcription or a specific
stabilization of the c-myc message. Fig. 2A is a slot blot of
poly(A) RNA from control and cycloheximide-treated Hep G2
cells when probed with a 3 ' human c-myc probe. After hybrid

ization and exposure to film, each individual slot was cut out
and quantitated by liquid scintillation counting. Included in
Fig. 2A is the ratio of cycloheximide versus control counts for
each RNA sample. These data indicate that cycloheximide
pretreatment alone does not significantly superinduce Hep G2
c-myc transcripts and strongly suggests that the cycloheximide

effect observed in Fig. \A is the result of a specific stabilization
of the myc transcript. As control, a duplicate blot was generated
by using the same RNA samples and was probed with a P-450
cDNA probe since Hep G2 cells express certain P-450 genes
(37). This control blot seen in Fig. 211 indicates that equal
amounts of RNA were applied in Fig. 2A.

To confirm that the cycloheximide pretreatment effect is the
result of a specific stabilization of the c-myc message and not
due to increased gene transcription, nuclear run on experiments
were performed to determine the transcriptional rate of the c-
myc gene in control and cycloheximide-treated Hep G2 cells.
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Fig. 1. Half-life estimates of c-myc and ÃŸ-
actin transcripts in Hep G2 cells. Poly(A) RNA
was isolated before (0 time) and at various
times after (IS, 30, 45, and 60 min) actino-
mycin D (ACT.D) exposure (8 ng/ml). Poly(A)
RNA was also isolated from cells pretreated
for IS min in the presence of cycloheximide
Â«l/i (10 f/K mil. then actinomycin D (8 Mg/
ml) was added for an additional 60 min (60 +
CH). RNA was then fractionated on formal
dehyde-denaturing agarose gels (5 pg/lane)
and transferred to nitrocellulose, c-myc (A) and
.( iu-iin (B) specific transcripts were detected
by hybridization and autoradiography as de
scribed in "Materials and Methods." rRNAs

(28S, 18S, 23S, I6S) were used as standards
to estimate base size. Located below the North
ern blots are plots of the relative intensities
{K.I.} of each lane which were quantitated by
using a Beckman 1)1 K computing spectro-
photometer. O and Q, without cycloheximide
pretreatment; â€¢and â€¢with a 15 min cyclo
heximide pretreatment, liti, kilobase.
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The total transcriptional activity (as measured by total ([32P]-
UTP incorporation into DNAase-resistant trichloroacetic acid-
precipitable pools) in nuclei obtained from control and cyclo-
heximide-treated cells was 4.2 x IO5 cpm/40 min/6 x 10*
nuclei, and 2.8 x IO5cpm/40 min/6 x IO6nuclei, respectively.
The results of hybridization of 1 x 10s cpm radiolabeled RNA
from both treatment groups to an excess c-myc probe is seen in
Fig. 3. The data indicate that cycloheximide does not signifi
cantly increase c-myc transcription but may actually lower it by
approximately 25%. These data confirm that the effect of
cycloheximide on the steady-state level of the Hep G2 c-myc
mRNA is the result of a posttranscriptional mechanism involv
ing the specific stabilization of the c-myc message.

Constitutive Expression of Hep G2 c-myc. Since c-myc expres
sion appears to be constitutive in chemically transformed fibro-
blasts (38), we next examined if c-myc expression is constitutive
in Hep G2 cells. Hep G2 cells, originally isolated from a human
hepatoblastoma by Knowles et al. (21), can grow in soft agar
and are tumorigenic when injected into nude mice (22). Despite
being clearly transformed, Hep G2 cells are contact inhibited
in tissue culture and essentially stop dividing at confluency. c-
myc expression was examined in Hep G2 cells in log phase
growth and in essentially nondividing confluent cultures. Fig.
4 indicates that the steady-state level of c-myc transcripts is
similar in both growth states. In parallel culture flasks, [3H]-

thymidine incorporation into acid-insoluble pools was deter
mined to be decreased by 83% in confluent cultures compared
to log phase Hep G2 cultures, thus confirming the difference
in cell replication between the two growth conditions. These
data indicate that the c-myc gene is constitutively expressed
with regard to rapidly dividing and nondividing Hep G2 cells.

The data presented above indicate that the high steady-state
level of c-myc transcripts found in Hep G2 cells is not the result
of increased stability of the mRNA, but more probably reflects
increased gene transcription, c-myc gene transcription in Hep
G2 cells appears to be constitutive, since it remains constant in
different growth conditions. Finally, the Hep G2 c-myc tran
script has a very short half-life apparently due to a labile protein
molecule.

Chromosomal Translocations. We next investigated whether
the Hep G2 c-myc gene was transcriptionally activated due to
a specific chromosomal translocation involving chromosome 8,
the location of the human c-myc gene (39). Twelve karyotypes
were prepared from Giemsa-banded metaphase chromosomes.
Certain marker chromosomes were present, but no alterations
in chromosome 8 were observed (data not shown). This indi
cates that the constitutive expression of the Hep G2 c-myc gene
is not the result of gross chromosomal translocations.

Hep G2 c-myc Gene Amplification and Rearrangements. To
test for gene amplification and more subtle gene rearrange-
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Fig. 2. Quantitation of cycloheximide effect on c-myc expression in Hep G2
cells. Poly(A) RNA isolated from control (CO) and cycloheximide-treated (CH;
15 min, 10 Mg/ml) Hep G2 cells were applied to nitrocellulose filters at the
indicated amount and hybridized with a c-myc (A) or P-450 (B) cDNA probes as
described in "Materials and Methods." After exposure to film to produce the

autoradiogram, the individual slots were cut out and assayed for radioactivity.
Included is the ratio of counts obtained in the cycloheximide-treated samples
divided by the counts in the control samples (x 100%), which is the cycloheximide
data expressed as a percentage of the control data.

CH
CO CH CO x 100%

72%

78%

Fig. 3. Effect of cycloheximide on c-myc gene transcription rates in Hep G2
cells. Nuclei were isolated from control (CO) or cycloheximide-treated (CH; 15
min, 10 /iK/ml) Hep G2 cells and assayed by nuclear transcription run on as
described in "Materials and Methods." The nuclear transcripts were hybridized
(in duplicate) to an excess of linearized plasmid DNA containing a human c-myc
probe which was bound to Nytran tillers as described in "Materials and Methods."

After exposure to film to produce the autoradiogram, the individual slots were
cut out and assayed for radioactivity by liquid scintillation counting. Included is
the ratio (x 100%) of counts obtained in the cycloheximide-treated samples
divided by the counts in the control samples, which is the cycloheximide data
expressed as a percentage of control data.

ments, Southern blot analysis was performed using both 5' and
3' human c-myc probes. The 5' human c-myc probe is a Pvull/
Pvull fragment which extends 350 base pairs 5' of the first c-

myc promoter to 40 base pairs before the splice donor signal of
the first exon. The 3' human c-myc probe is a Clal/EcoRl
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Fig. 4. Constitutive expression of the c-myc gene in Hep G2 cells. Poly(A)

RNA was isolated from confluent (CONF., Lanes 1-3) and log-phase (LOG.,
Lanes 4-6) cultures of Hep G2 cells, electrophoresed (5 Mg) on denaturing
formaldehyde agarose gels, transferred to nitrocellulose membranes, and hybrid
ized with a 3' human c-myc probe as described in "Materials and Methods."

Located below the Northern blots are the average relative intensities (K.I.) of
each group as quantitated by using a Beckman 1)1 S computing spectrophotom-
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Fig. 5. Restriction analysis of c-myc from human placenta, human liver, and
Hep G2 DNA samples. DNA (30 Mg/lane), isolated from human placenta (Lanes
1-3), human liver (Lanes 4-7), and Hep G2 cells (Lanes 8-11), were digested to
completion with Pvu\l/Hph\ (Lanes 1, 4, 5, 8, and 9); HpM (Lanes 2, 6, and 10);
or /Vi/II (Lanes 3, 7, and //). Digests were fractionated on an agarose gel,
transferred to Nytran membranes, and hybridized sequentially with a 5' and 3'
human c-myc probe. Pictured is the autoradiogram after hybridization with the
5' probe. Hindl\\ digested X DNA and //Â«<â€¢!11digested 4>X174replicative form

DNA were used to establish base size, hp, base pair.

fragment containing the third c-myc exon. DNA obtained from
Hep G2 cells, normal human liver, and normal human placenta
was digested to completion with the appropriate enzymes and
analyzed sequentially with the 5' and 3' c-myc probes. Fig. 5
shows that no 5' c-myc gene rearrangements or amplification
could be detected in Hep G2 DNA digested with l'm\\ and

Hphl when compared to normal human DNA. Likewise, no
alterations could be detected in \ha\. Pstl, &w3Al, EcoRl,
Clal, Hinfl, S'adÃ¬,or Mbol digests using either the 5' or 3'

probes (data not shown). Hence, no detectable gene amplifica
tion or rearrangments were observed when comparing the Hep
G2 c-myc gene to normal human liver and placenta! DNA.

Promoter Utilization in Hep G2 Cells. The first exon of the
normal c-myc gene contains two functional promoter regions
designated PI and P2 (40). These promoter sequences are
located 160 base pairs apart producing mRNAs that differ in
size with respect to their untranslated leader sequences (40),
and in normal tissue appear to be differentially active. To
examine the dual promoter utilization in Hep G2 cells, we used
an S, nuclease protection assay utilizing a uniformly labeled
single-stranded probe corresponding to almost the entire first
c-myc exon (with both promoter sequences) and 350 base pairs
5' to the PI promoter sequence. Fig. 6 shows that normal

human liver has just detectable c-myc transcripts and that both
promoter sequences are utilized. However, the ratio of PI (510-
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Fig. 6. Relative promoter utilization in human liver and Hep G2 cells by S,
nuclease protection assay. A uniformly labeled single-stranded S' c-myc probe
was hybridized at 56'C for 18 h to 15 pg yeast tRNA (ytRNA) (Lanes 1 and 2); 6

</l4and 3 Â«igpoly(A) RNA obtained from Burkitt lymphoma cell line MC 116
(Lanes 3 and 4, respectively); 5 jig and 2.5 MgPo'y(A) RNA obtained from Burkitt
lymphoma cell line CA 46 (Lanes S and 6, respectively); 2 >igand l Â»igpoly(A)
RNA obtained from Hep G2 cells in log-phase growth (Lanes 7 and X. respec
tively); 2 Â»igand 1 UKpoly(A) RNA obtained from Hep G2 cells at confluency
(Lanes 9 and 10, respectively); and 25 fig poly(A) RNA obtained from normal
human liver (Lane 10). The hybridization reaction was terminated with 750 units
S, nuclease and the fragments were separated on an 8 M urea-5% acrylamide gel
as described in "Materials and Methods."

base pair fragment) to P2 (350-base pair fragment) is approxi
mately 1/5. Based on this very sensitive RNA protection assay,
the Hep G2 c-myc gene is expressed approximately 100-fold
greater than in normal human liver. Consistent with Fig. 4, no
difference could be detected in log phase or confluent nondivid-
ing cultures of Hep G2 cells. However, unlike normal human
liver, the Hep G2 c-myc P1/P2 promoter ratio is approximately
1/1. As control, RNA obtained from sporadic (American type)
Burkitt lymphoma cell lines, MC 116 and CA 46, and yeast
tRNA were also assayed. The break points of the translocated
c-myc alÃelein CA 46 and MC 116 are located within the first
in iron and first exon (between PI and P2), respectively. This is
clearly demonstrated in the protected fragments seen in Fig. 6.
No bands are observed in the yeast tRNA lanes which act as a
negative control sample in this assay.

These data confirm that the Hep G2 c-myc gene is expressed
approximately 100-fold greater than in normal human liver and
appears to be constitutive with regard to the replication state
of these cells. However, the P1/P2 promoter utilization ratio is
approximately 1/1 which differs from the 1/5 P1/P2 ratio
observed in normal human liver.

DISCUSSION

The myc gene has been associated with a broad spectrum of
neoplasms. The \-myc gene, which is carried by the avian
myelocytomatosis virus, MC 29, is presumably responsible for
a wide range of tumors in chickens, including mesotheliomas;
anaplastic round- or spindle-cell "soft tissue" sarcomas; and

liver and kidney carcinomas (41). c-myc, the cellular homologue
of \-myc, has also been implicated as an etiological factor in a
broad spectrum of neoplasms which include: lymphomas; pÃas
mocytomas; leukemias; adenocarcinomas of the breast; Sertoli
cell and mast cell neoplasms; and colon, lung, and hepatocel-
lular carcinomas (2, 3, 6, 13-15, 21). To date, much evidence
suggests that qualitative alterations in the amino acid-coding
sequences may not play a major role in the transforming poten
tial of the c-myc gene (40). Rather, quantitative alterations,

such as increased and/or deregulated expression of an otherwise
normal c-myc gene product may be associated with the trans

forming potential of this gene. In certain transformed human
cell lines, alterations in c-myc gene expression are associated

with chromosomal translocations, amplification, or rearrange
ments (12-19). However, little is known about transcriptional
alterations of the c-myc gene in the transformed hepatocyte.

We have previously shown that Hep G2 cells, which are
tumorigenic cells derived from a human hepatocellular carci
noma (21), have high steady-state levels of c-myc transcripts
(22). This high steady-state level could result from either a
specific stabilization of the c-myc message or increased gene
transcription. We now report that the estimated half-life of this

message in Hep G2 cells is approximately 20 min. This is in
good agreement with other normal and transformed human
(36) and avian cells (42), and strongly suggests that stabilization
of the myc transcript is not a causative factor for the high
steady-state level of c-myc mRNA found in Hep G2 cells.

Rather, this high level probably results from increased myc gene
transcription.

No detectable alterations involving chromosome 8 were ob
served by karyotypic analysis of Hep G2 metaphase chromo
somes. Certain marker chromosomes were observed, however,
but these were very similar to the original karyotype reported
by Simon et al. (43). Likewise, no detectable rearrangements or
amplification of the Hep G2 c-myc gene were observed by

Southern blot analysis. It should be emphasized that both the
5' and 3' portions of the gene were examined. Although this

type of analysis is not definitive, it strongly suggests that the
Hep G2 c-myc gene is not translocated, amplified, or rearranged

compared to the normal human alÃele.
The expression of c-myc is highly regulated in normal cells,

both in vitro and in vivo. In nonreplicating normal cells, c-myc
transcripts are low or undetectable, but when appropriate mi-
togens are added, there is a very transient increase in both the
myc gene mRNA and protein (30, 44). Similarly, when normal
adult liver cells in vivo are stimulated to replicate by partial
hepatectomy, there is a very transient increase in c-myc tran

scripts (45,46). From these data, it has been hypothesized that
the c-myc gene is an early G, -associated gene which may be
related with movement of cells from G0 to GÃ¬and/or the
"competence" phase of growth stimulation (30). If the c-myc

gene were to escape normal regulatory signals and be constitu-
tively expressed, it may then contribute to abnormal cell growth
by preventing a cell from entering Go and/or differentiating.
Consistent with this are the data indicating that normal 3T3
cells have elevated myc expression only when stimulated to
divide. However, chemically transformed, tumorigenic 3T3
cells have myc expression which is constitutively elevated, al
though they have not lost all growth control since they growth
arrest when deprived of serum (albeit at lower serum concen
trations than normal cells) (38). Identical to the chemically
transformed 3T3 cells, we find that Hep G2 cells, although
tumorigenic and less differentiated than an adult hepatocyte
(based on a-fetoprotein secretion, etc.), have not lost all growth

control since they become contact inhibited and stop dividing.
However, the c-myc gene is constitutively expressed with no
apparent growth-regulated modulation as in normal cells.

Hence, altered regulation of this gene in Hep G2 cells may
prevent the cells from entering G0 and/or terminally differen
tiating which may, in turn, contribute to their tumorigenic
properties. Consistent with this hypothesis is the fact that a-
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fetoprotein and albumin protein levels do not vary in log phase
or contact-inhibited Hep G2 cells.3 7.

The labile nature of the myc transcript in Hep G2 cells can
be significantly stabilized by blocking protein synthesis. Protein g
synthesis inhibition, however, does not have any observable
effect on Hep G2 c-myc transcription. It should be emphasized
that the lack of any superinduction of c-myc transcription by
cycloheximide may be the result of the extremely high consti
tutive levels found in Hep G2 cells. In other systems, where the 10-
c-myc gene is not maximally expressed, a transcriptional as
well as posttranscriptional mechanism may be involved in the 11â€¢
cycloheximideeffect on the steady-state levelsof c-myc mRNA.

It is interesting to note that the protein species involved in 12.
the extreme liability of the c-myc transcript is, similarly, very
short lived. This protein species may therefore normally fune- 13
tion as a highly sensitive and discrete posttranscriptional con
trol element for the c-myc gene. As of yet, this protein species
or the mechanism(s) by which it effects the myc transcript is
not known. !4

Truncated c-myc transcripts have been reported to be more
stable (half-life of 60-140 min) than the normal-sized RNA 15.
species (half-life of 15-35 min) (47). This implies that exon 1
or intron 1 may participate in the extreme instability of normal
c-myc transcripts and may be a key component in posttranscrip- 16.
tional regulatory mechanisms (47). The properties of the Hep
G2 c-myc gene are consistent with this hypothesis since the
intact gene produces a full-length, extremely short-lived Iran- n.
script.

It has also been suggested that sequences involving the PI is.
and P2 promoters of the untranslated first exon may be an
important regulatory component of c-myc mRNA (18-20). c- ,9
myc transcripts from normal cells are predominantly expressed
from the P2 promoter with the P1/P2 ratio ranging from 1/4 20
to 1/20 (30, 48). However, in transformed cells, the P1/P2
ratio is approximately 1/1 (18, 20, 40), suggesting that this
shift in promoter utilization may involve loss of or insensitivity 21

to a transacting regulatory element. Consistent with these ob
servations are the data indicating that normal human liver has 22.
myc transcripts, albeit very low levels, that are initiated predom
inantly from the P2 promoter, while Hep G2 cells have approx
imately 100 times more transcripts which are directed equally 23

from both promoters.
24.
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