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ABSTRACT

A previous report from this laboratory indicated that a transformed
fibroblast cell line up-regulated c-myc by as much as 14-fold as cultures

approached saturating densities, whereas the untransformed counterparts
displayed little alteration in c-myc expression (Cancer Res., 49: 2320,

1989). The results suggested a mechanism for the growth advantage of
the transformed cells at postconfluent densities. Similarly, the present
results indicate that regulation of i--m.tr expression during establishment

of a quiescent state markedly differed in poorly differentiated versus well-
differentiated human colon carcinoma cells. While c-myc expression
increased 2- to 3-fold during this period in the poorly differentiated cells,

expression levels for this protooncogene showed little variation in the
well-differentiated cells. There was, however, no correlation between
degree of differentiation and c-myc mRNA levels in growing cultures

(i.e., cells in late log phase).
Another proliferation-associated mRNA, transforming growth factor

a (TGF-a), was also differentially regulated in the two groups of colon

carcinoma cells as cultures approached quiescence. Further, addition of
exogenous growth-stimulatory factors (epidermal growth factor plus in
sulin plus transferrin) to quiescent, well-differentiated cells resulted in
an up-regulation of TGF-a mRNA levels by 9-fold over a 24-h period. In
contrast, poorly differentiated cells displayed little alteration in TGF-a

mRNA levels under similar conditions. The results suggest that inappro
priate kinetic regulation of c-myc and TGF-a mKN As at quiescence may

be related to the growth factor independence of the poorly differentiated
colon carcinoma cells. Furthermore, altered temporal regulation of c-myc
and TGF-a expression appears to be more relevant to differentiation

status in human colon carcinoma cells than are absolute expression levels.

INTRODUCTION

A major difference between transformed and normal cells is
a deficiency in the "switching mechanism" between quiescent

and proliferative cellular growth states (1). Although trans
formed cells often must be forced into quiescence by removal
of essential factors and enter a d growth phase, untransformed
cells will enter a resting growth state (Go) when they reach the
appropriate cell density (1-5). Thus, deficiencies in molecular
and cellular changes which normally occur during the establish
ment of a quiescent state in untransformed cells may represent
factors involved in the uncontrolled proliferation of trans
formed cells.

Several reports have compared differences in the cellular
properties and expression of specific genes at proliferating,
confluent, and quiescent growth states (1,2, 6-16). Further
more, differences in gene expression between untransformed
and transformed fibroblasts have been compared under various
growth conditions (i.e., 1, 2, 9, 10, 15-18). However, few, if
any, reports have attempted to characterize the kinetic altera-
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tions which occur in the expression of specific genes during the
establishment of quiescence in untransformed relative to trans
formed cells.

Previous work by Mulder and Brattain (19) demonstrated
that quiescent, poorly differentiated human colon carcinoma
cells were not mitogenically responsive to exogenous growth
factors. In contrast, the growth factors epidermal growth factor,
insulin, and transferrin (in combination) elicited a mitogenic
response and an up-regulation of c-myc in well-differentiated
human colon carcinoma cell lines. These studies utilized a large
bank of human colon carcinoma cell lines ranging from highly
aggressive, poorly differentiated cell types to unaggressive, well-
differentiated types (20, 21). The cell lines are continuously
maintained in serum-free medium containing only EIT3 (19).

Thus, in similarity to the altered growth control observed in
transformed relative to untransformed fibroblasts (1-5, 9-10,
15-18), differences in mitogenic responses and regulation of c-
myc expression by exogenous polypeptide growth factors were
related to differentiation status in quiescent human colon car
cinoma cells (19). This model system provides a unique oppor
tunity for investigating molecular alterations, which occur dur
ing the establishment of quiescence, that might account for the
differential responsiveness of the poorly differentiated and well-
differentiated colon carcinoma cells to exogenous growth fac
tors. This system is also advantageous since few culture systems
are available for comparing molecular changes in epithelial cells
of different degrees of differentiation.

The present report indicates that expression of both c-myc
and of another proliferation-related factor, TGF-a (for a review,
see Ref. 22), was altered during the establishment of quiescence
in the poorly differentiated relative to the well-differentiated
human colon carcinoma cells. Altered expression of c-myc has
been shown previously to alter responsiveness to exogenous
growth factors (23-26). The altered regulation of expression of
c-myc and of TGF-Â« during the establishment of quiescence in
the poorly differentiated but not the well-differentiated cells
may explain the preferential responsiveness of the quiescent,
well-differentiated cells to exogenous growth factors of both
the stimulatory and inhibitory types (19, 21, 27, 28).

MATERIALS AND METHODS

Growth Factors. EGF (tissue culture grade), insulin (bovine pan
creas), and transferrin were from Sigma Chemical Co. (St. Louis, MO).
Stock cultures of EGF (1 Mg/ml) and transferrin (80 Â¿ig/ml)were made
directly in cell culture medium. Insulin was first dissolved in 10 m\i
HC1 at a concentration of 10 mg/ml and used from a stock concentra
tion of 400 Mg/ml.

Cell Culture. Human colon carcinoma cell lines were originally
described by Brattain et al. (29, 30) and have been maintained as
described (31) in McCoy's 5A medium (G1BCO Laboratories, Grand

Island, NY) supplemented with amino acids, pyruvate, antibiotics

'The abbreviations used are: EIT, epidermal growth factor, insulin, and
transferrin: TGF-a, transforming growth factor <>;EGF, epidermal growth factor;
SF. serum-free: GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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REGULATION OF c-myc AND TGF-a IN COLON CARCINOMA CELLS

(streptomycin-penicillin), and 10% fetal bovine serum. For the present
work, except Fig. 1, the cell lines were continuously maintained in SF
medium consisting of McCoy's 5A medium (supplemented with amino

acids, pyruvate, and antibiotics) plus EGF (10 ng/ml), insulin (20 ng/
ml), and transferrin (4 Mg/ml). Working cultures of the cell lines were
maintained at 37Â°Cin the presence of 5% CO2. Cells were routinely
subcultured using 0.05% trypsin in Joklik's tissue culture medium

(GIBCO) containing 0.1% EDTA and replated into the SF medium
described above. VACO 235 cells were obtained from Dr. James
Willson (Case Western Reserve, Cleveland, OH) and were cultured in
0.2% serum containing medium as previously described (32).

Establishment of Quiescence. The protocol was carried out as previ
ously described (Ref. 19, Fig. 1). Cells were plated at densities of
50,000-125,000 cells (depending upon the cell line) in 35-mm wells in
SF medium (6 wells/experimental point). When cells reached saturation
density (7 days), they were rendered quiescent by addition of fresh basal
McCoy's 5A medium without growth factors until stable baseline [3H]-

thymidine incorporation levels were obtained. Stable incorporation
levels were obtained after a "starve" period of 5 days for all cell lines

used here except RKO (3 days; see Ref. 19).
RNA Isolation and Analysis. Cells were made quiescent as described

above, except that cells were grown in culture flasks (75 cm2). Plating

densities were adjusted to coincide with the difference in surface area
of culture vessel. Total cellular RNA was isolated before, during, or
after the starve period, as indicated in the figures, using a modification
of the method of Chirgwin (33) as previously described by Mulder et
al. (12, 19, 34). When isolated after restimulation with growth factors
(EIT), the same concentrations as are present in SF medium were added
to the cultures for the indicated times. For slot blots, 5 Mgof total RNA
were denatured and blotted onto a Nytrans membrane using a
Schleicher & Schuell Minifold II Slot-Blot System. Northern analysis
and hybridization conditions were as described previously by Mulder et
al. (12, 19, 34). These conditions resulted in detection of single c-myc-
or TGF-a-specific signals.

Preparation of Probes. As described previously by Mulder et al. (12,
19, 34), the third exon of c-myc was labeled directly in agarose gel
slices by the method of Feinberg and Vogelstein (35) using a Multiprime
Labeling Kit (Amersham, Arlington Heights, IL). A 650-base pair
fragment of the human TGF-a complementary DNA (36), subcloned
into a pGem 42 vector (Promega), was provided by Dr. David Ham
mond (Bristol-Myers Squibb Company, Wallingford, CT). The frag
ment was labeled as for c-myc. As described previously by Mulder et
ai. (19), all blots were rehybridized with the 1.16 Pstl fragment of
pGAD-28 (37) in order to measure GAPDH levels. Densitometer scans
of GAPDH levels were used to normalize scan values for c-myc and
TGF-a.

RESULTS

The c-myc protooncogene is overexpressed or deregulated in
a large percentage of colon carcinomas (38-43). It was of
interest to determine whether expression of this nuclear onco
gene was correlated with degree of differentiation in a large
bank of cell lines derived from patients with colon carcinomas
or adenomas. Fig. 1 compares steady-state levels of c-myc
mRNA in various human colon carcinoma cell lines (19-21),
as well as in a benign, adenomatous, polyp-derived cell line
(VACO 235; Ref. 32). Expression was analyzed in late log
phase cultures. The colon carcinoma cell lines were previously
characterized with respect to a number of biological and bio
chemical properties and were classified as either poorly differ
entiated and highly aggressive (Group I) or well differentiated
and unaggressive (Group III) (19-21). Cell lines which did not
fall into either of these groups were designated as Group II cell
lines. The VACO 235 cell line, isolated from a colonie polyp,
is nonmalignant (32) and is, therefore, part of a separate group
(Group IV), one which may possess characteristics more closely
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Fig. 1. Northern analysis of c-myc expression in poorly (/), moderately (//),
and well-differentiated (///) human colon carcinoma cells and in a cell line derived
from benign polyps (IV). RNA was isolated from the indicated cell lines in late
log phase. The same filter was hybridized with probes for c-myc or GAPDH. The
results are representative of 3 experiments.

related to those of normal colon.
As seen in Fig. 1, expression of c-myc varies among the cell

lines with no apparent relationship to group or differentiation
status. For example, well-differentiated CBS or GEO cells
expressed c-myc at levels similar to those of the highly aggres
sive, poorly differentiated HCT 116 cells. The villous adenoma-
derived cell line (VACO 235) expressed even higher c-myc
levels, despite the fact that it was derived from benign polyp
tissue, especially when the relatively lower levels of GAPDH
are taken into account. The high levels of c-myc expression
observed in this adenoma-derived cell line are consistent with
data obtained for adenoma and carcinoma tissue; i.e., previous
data have indicated that 62% of adenomatous polyps had ele
vated mRNA expression of the c-myc gene (44). Furthermore,
c-myc protein levels were often similar in polyps and in certain
colon carcinomas (45), suggesting that alterations in the c-myc
gene occur early in the progression to colon carcinoma.

Comparison of c-myc expression within Group I indicates
that there is also no correlation between c-myc mRNA levels
and degree of tumorigenicity; i.e., HCT 116a cells, which are
highly tumorigenic, and HCT 116 cells, which display relatively
reduced tumorigenicity in vivo (46), express c-myc at similar
levels. Also noteworthy are the low levels of c-myc in the
moderately differentiated JVC cell line in contrast to the excep
tionally high levels in the MOSER cell line from the same
group.

Since there did not appear to be an mRNA-related difference
in c-myc expression among the groups of human colon carci
noma cell lines, it was of interest to determine whether the
regulation of c-myc expression differed between the well-differ
entiated and poorly differentiated cells. Fig. 2 compares c-myc
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expression in the poorly differentiated (top) and well-differen
tiated (bottom) human colon carcinoma cells during late log
phase growth (â€”)and at quiescence (+). In the poorly differ
entiated HCT 116 cells, c-myc was up-regulated by approxi
mately 3-fold, within a 5-day period after removal of growth
factors from the medium, as indicated by densitometer scanning
of the Northern blot in the top panel of Fig. 2. In contrast, two
different well-differentiated cell lines (FET and CBS) exhibited
no significant alterations in c-myc expression during the estab
lishment of a quiescent state using the same protocol.

The noteworthy up-regulation of c-myc expression in the
HCT 116 cells during the 5-day starve period indicated a
difference in c-myc regulation between this poorly differentiated
cell line and the well-differentiated cells. It was of interest to
determine whether this up-regulation occurred gradually over
the 5-day period or was an acute response to growth factor
withdrawal. Fig. 3 depicts the results of slot blot analysis of c-
myc expression at various times after withdrawal of growth
factors from the medium of poorly differentiated HCT 116
cells. The length of time after replacement of conditioned
medium with basal medium (devoid of the growth factors EGF,
insulin, and transferrin) represents the starve period plotted.

Initially, there was a slight but significant decline in c-myc
expression at approximately 8 h after initiation of the starve

246

Starve Period (d)

Fig. 3. Kinetics for up-regulation of c-myc mRNA during establishment of
quiescence in the poorly differentiated colon carcinoma cell line HCT 116. HCT
116 cells were grown to plateau phase as described previously (19). To initiate
the starve period, exogenous growth factors (EIT) were removed from the cultures
by addition of basal medium (McCoy's SA) lacking these factors (as for Fig. 2).

RNA was isolated at the indicated times following removal of growth factors.
Relative c-myc levels [mean Â±SD (bars), n = 3] were obtained by densitometer
scanning of slot blot analysis (3 slots/time point). Values were corrected for
loading inequalities using a GAPDH as described previously (19). Results were
similar to those obtained by Northern blot analysis.
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Fig. 2. Comparison of c-myc mRNA expression in poorly differentiated and
well-differentiated human colon carcinoma cells during late log phase (â€”)and
quiescent (+) growth states. RNA was isolated from the indicated cell lines for
Northern blot analysis at the beginning of the 5-day starve period (â€”)or at the
end of this period (+) as described in "Materials and Methods." The protocol is

schematically represented in Ref. 19, Fig. 1.
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period. However, levels returned to baseline values within 24
h. Maximal up-regulation of c-myc occurred at 5 days after
initiation of the starve period. At this time, c-myc expression
was elevated to levels approximately 3-fold above baseline
values. It should be noted that a 5-day starve period was initially
chosen for mitogenesis experiments (19), since it was at this
point that stable baseline thymidine incorporation values were
observed, suggesting that synchronization of cells in a quiescent
growth phase had been achieved. At 6 days after starve initia
tion, c-myc expression was still approximately 1.5-fold above
baseline values. However, shortly thereafter, levels began to
decline in association with a loss of cell viability.

In the studies described thus far and in previous reports using
these colon carcinoma cells (19, 28), the cell lines were rendered
quiescent by removal of growth factors, after plateau phase
growth had been attained. It was of interest to determine
whether a similar up-regulation of c-myc mRNA would occur
in starved, poorly differentiated cells at low density. Fig. 4
depicts c-myc mRNA levels in another poorly differentiated
colon carcinoma cell line (RKO) before (â€”)and after (+) growth

factor removal, at both low and high cell densities. The data
indicate that c-myc is up-regulated during growth factor insuf
ficiency in both cases. Densitometer scans of the blot in Fig. 4
indicate that c-myc was up-regulated by 1.8- or 2.8-fold during
growth factor withdrawal at low and high cell densities,
respectively.

Previous results indicated that the quiescent, well-differen
tiated human colon carcinoma cells displayed a transient up-
regulation of c-myc in response to the mitogenic growth factors
EIT (19), a characteristic generally observed in untransformed
cells (11, 47-50). In contrast, the poorly differentiated cells
exhibited altered kinetic regulation of c-myc mRNA in response
to exogenous growth factors (19). Fig. 5 illustrates the relation
ship between altered regulation of c-myc mRNA levels during
the establishment of quiescence (D) and ability to respond to
EIT stimulation with an increase in c-myc expression (â€¢);i.e.,
the poorly differentiated (Group I) HCT 116 cells displayed an
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Fig. 4. Up-regulation of c-myc mRNA levels in poorly differentiated RKO
cells (Group I) during growth factor withdrawal at low cell densities (LD) and at
high cell densities (HD). Northern analysis of c-myc expression before (â€”)and
after (+) the 3-day starve period beginning at approximately 50% confluence (LD)
or at late log phase (HD).
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Fig. 5. Relationship between alterations in c-myc mRNA during establishment
of a quiescent state (D) and upon restimulation with EIT (â€¢)in poorly differen
tiated (/) and well-differentiated (///) human colon carcinoma cells. O, change in
c-myc mRNA levels over a 5-day starve period in HCT 116, FET, and CBS cells;
values were obtained by densitometer scanning of the blots in Fig. 2. â€¢.change
in c-myc mRNA levels from 0 to 4 h after addition of EIT to quiescent HCT 116,
FET, and CBS cells; values were obtained by densitometer scanning of blots in
Ref. 19, Figs. 5 and 6, and in Ref. 28, Fig. 3. Control levels represent either
prestane (D) or pro-stimulation (â€¢)values.

up-regulation of c-myc expression during the establishment of
a quiescent state (270% of prestarve control levels) and exhib
ited little increase in c-myc expression in response to the
exogenous factors EIT (1.2-fold increase at 4 h after stimula
tion; see also Ref. 19, Fig. 6). In contrast to the poorly differ
entiated HCT 116 cells, but in similarity to most untransformed
cells, the well-differentiated (Group III) FET and CBS cells
displayed little change (FET) or a slight decrease (CBS) in c-
myc expression during the starve period. In these well-differ
entiated cells, EIT elicited a 4- to 6-fold up-regulation of c-myc
at 4 h after administration (see also Ref. 19, Fig. 5, and Ref.
28, Fig. 3). Thus, the ability to display a myc response to
growth-stimulatory factors appears to be associated with proper
temporal regulation of c-myc expression as cells become
quiescent.

Previous results (19) further indicated that removal of con
ditioned medium from poorly differentiated HCT 116 cells at
the end of the 5-day starve period and replenishment of either

nutrients only or of nutrients plus the growth factors EIT
resulted in an initial decline in c-myc expression. This effect
was not observed in the well-differentiated human colon carci
noma cells. These results suggested that autocrine growth stim
ulators were removed when the conditioned medium was re
placed and that the levels of such growth factors were related
to the levels of c-myc mRNA. Since TGF-a is produced by
these cells (21, 51), it is conceivable that, during the establish
ment of a quiescent state in poorly differentiated HCT 116
cells, TGF-a production is increased in association with the up-
regulation of c-myc. Thus, we compared TGF-a mRNA levels
in late log phase and at quiescence as illustrated for c-myc
expression in Fig. 2. Fig. 6 indicates that TGF-a levels were
likewise increased during the starve period in only the poorly
differentiated cells. TGF-a expression was elevated by approx
imately 2-fold in the poorly differentiated HCT 116 cells. In
contrast, the well-differentiated FET cells displayed a 2-fold
reduction in TGF-a mRNA during the establishment of a
quiescent state.

Poorly Differentiated

HCT 116

TGF-a

18S â€”

Well Differentiated

FET

TGF-a

18S â€”

Fig. 6. Comparison of TGF-a mRNA expression of poorly differentiated and
well-differentiated human colon carcinoma cells during late log phase (â€”)and
quiescent (+) growth states. RNA was isolated as described for Fig. 2.
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Previous work suggested that the high c-myc levels in HCT
116 cells at quiescence, relative to prestarve levels, were asso
ciated with the ability of the HCT 116 cells to mitogenically
respond to nutrients alone (19). Exogenous growth factors had
no additional effect. Furthermore, kinetic regulation of c-myc
expression, upon growth factor stimulation, was altered in these
poorly differentiated cells (relative to well-differentiated cells).
As discussed above, up-regulation of TGF-a mRNA was ob
served during the establishment of quiescence in HCT 116 cells.
Thus, it was of interest to determine whether TGF-a expression
would also be temporally altered in quiescent, poorly differen
tiated cells (as compared with well-differentiated cells) upon
growth factor stimulation. Thus, poorly differentiated HCT
116 cells and well-differentiated FET cells were made quiescent
as described previously (19) and in this report. Following the
5-day starve period, the growth factor combination EIT was
added, and TGF-a mRNA levels were measured by Northern
blot analysis. Fig. 1A indicates that TGF-a expression in poorly
differentiated HCT 116 cells was altered only slightly during
the 24-h period following addition of exogenous growth factors.
In contrast, the well-differentiated FET cells displayed a time-
dependent increase in TGF-a expression, as indicated in Fig.
IB. TGF-a mRNA levels rose steadily for the first 4 h, after
which time expression remained constant for at least 4 more h.
Maximal levels were observed at 24 h after addition of growth-
stimulatory factors. By this point, TGF-a expression had
reached levels which were approximately 9 times higher than
pretreatment levels.

As was shown for c-myc expression in Fig. 5, Fig. 8 illustrates
the relationship between altered regulation of TGF-a mRNA
levels during the establishment of quiescence (D) and the ability
to respond to EIT stimulation with an up-regulation of TGF-a
(â€¢).The poorly differentiated (Group I) HCT 116 cells dis
played an up-regulation of TGF-a mRNA during the 5-day
starve period (270% of control) and little response to the
growth-stimulatory factors EIT. In contrast, TGF-a mRNA
levels decreased as the well-differentiated (Group III) FET cells
entered quiescence (Figs. 6 and 8). Subsequent stimulation with
EIT resulted in a large increase in TGF-a mRNA, reaching
values which were 9-fold above pretreatment levels by 24 h after
EIT (Figs. 7 and 8). Thus, a reduction in TGF-a mRNA at
quiescence may be an important factor in the ability of EIT to
up-regulate TGF-a in quiescent cells.

DISCUSSION

The present work indicates that the temporal regulation of
c-myc expression, during the establishment of a quiescent state,
markedly differed between poorly differentiated and well-differ
entiated human colon carcinoma cells. In the poorly differen
tiated cells, c-myc expression was up-regulated with increasing
time after removal of growth-stimulatory factors from the me
dium, until the cells began to lose viability. The increase in c-
myc levels was not an acute response to growth factor with
drawal but occurred over a 5-day period. The well-differentiated
cells displayed little alteration in c-myc over the same period.

This pattern of c-myc expression is somewhat analogous to
that reported by Mulder et al. ( 15) for chemically transformed
fibroblasts; i.e., while the transformed cell line up-regulated c-
myc by as much as 14-fold as cultures approached saturating
densities, the untransformed counterparts displayed little alter
ation in c-myc expression ( 15). Although the fibroblast cell lines
had not been forced into quiescence by removal of growth-
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Fig. 7. TGF-a mRNA expression in quiescent, poorly differentiated HCT 116
cells (A) and in quiescent, well-differentiated FET cells (B) at various times
following addition of the growth factor combination EIT. Cells were made
quiescent and treated with EIT as described in "Materials and Methods." Results
are plots of relative TGF-a levels obtained from densitometer scans of Northern
blots.
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Fig. 8. Relationship between alterations in TGF-a mRNA during establishment
of a quiescent state (D) and upon restimulation with EIT (â€¢)in poorly differen
tiated (HCT 116) and well-differentiated (FET) cells. D, change in TGF-a mRNA
levels over a 5-day starve period in HCT 116 and FET cells; values were obtained
from densitometer scans of blots in Fig. S. â€¢change in TGF-a mRNA levels
from 0 to 24 h after addition of EIT to quiescent HCT 116 and FET cells; values
were obtained from densitometer scans of blots in Fig. 6. Control levels represent
either pre-starve P) or prestimulation (â€¢)values.

stimulatory factors in this previous report, it has been shown
that the transformed fibroblasts will deplete the medium of
exogenous growth factors and become quiescent in a much
shorter time (1-3 days; Ref. 16) than do the colon carcinoma
cells. Additionally, the transformed fibroblast cells rapidly lose
viability due to nutrient depletion after reaching their saturation
density. Thus, although the experimental protocols were differ
ent, both the transformed fibroblasts and the poorly differen
tiated colon carcinoma cells displayed an up-regulation of c-
myc levels just prior to becoming arrested in the GI phase of
the cell cycle (5). However, neither the untransformed fibro
blasts nor the well-differentiated colon carcinoma cells dis
played such an up-regulation of c-myc.

The results in the untransformed fibroblasts (15), as well as
in the well-differentiated cells reported here, are consistent with
previous reports (9, 52, 53). These previous reports indicated
that c-myc mRNA levels were reduced in untransformed fibro
blasts made quiescent at either subconfluence or confluence (9,
52). Further, c-myc levels were constitutively expressed at iden
tical levels in proliferating or serum-deprived, untransformed
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lung epithelial cells (53). The results in the poorly differentiated
colon carcinoma cells reported herein are highly suggestive of
a direct role for c-myc in disrupting growth-regulatory signals.
Furthermore, in contrast to the results in untransformed lung
epithelial cells (53), c-myc is coupled to growth state at the
level of mRNA abundance in these epithelially derived poorly
differentiated human colon carcinoma cells. The aberrant ki
netic regulation of c-myc may represent a mechanism in the
poorly differentiated cells for delaying the establishment of a
quiescent state. Furthermore, the results indicate a relationship
between altered temporal regulation of c-myc and the establish
ment or maintenance of a transformed or highly aggressive
growth phenotype.

Although regulation of c-myc appears to be an important
growth control which is altered in transformed cells, it is clearly
not the only factor associated with a failure of transformed cells
to respond to the appropriate exogenous signals. TGF-a rep
resents another factor, the altered expression of which would
be expected to interfere with normal cellular growth control. It
has been reported that many "normal" and even transformed

cells respond to growth stimulators at quiescence with an in
duction of TGF-a mRNA (54-57). Furthermore, production of
TGF-a by both normal and transformed cells, including colon
carcinoma cells, has suggested a role for this polypeptide as a
normal autocrine growth regulator (21, 22, 51). In the present
report, quiescent, well-differentiated colon carcinoma cells dis
played the expected up-regulation of TGF-a mRNA in response
to the growth-stimulatory factors EIT. However, such a re
sponse was essentially lacking in the poorly differentiated cells.
Thus, altered temporal regulation of TGF-a expression, as well
as of c-myc expression (19), appears to be associated with
differentiation status in colon carcinoma cells.

The present work demonstrates, furthermore, that TGF-a
mRNA levels increased during the establishment of quiescence
in only the poorly differentiated cells. The elevated expression
of TGF-a at quiescence may be related to the failure of the
poorly differentiated cells to respond to exogenous EIT with an
increase in TGF-a mRNA. Furthermore, the elevated TGF-a
levels may explain the ability of poorly differentiated cells to
reenter the cell cycle upon addition of nutrients alone (19). It
would seem to be of interest to test these hypotheses by cultur-
ing the poorly differentiated HCT 116 cells in antibodies to
TGF-a or to the EGF receptor. However, these experiments
are ineffective due to the fact that the HCT 116 cells have an
internal, as opposed to an external, TGF-a autocrine loop.4 It

is likely that many factors, including the disrupted temporal
regulation of c-myc and of TGF-a, may account for the growth
factor independence of the poorly differentiated relative to the
well-differentiated human colon carcinoma cells at quiescence.
However, these two proliferation-related genes would be ex
pected to provide cells with a growth advantage if overexpressed
at a time when cultures would normally cease proliferating.

The current data suggest that the temporal regulation of
expression of TGF-a, as well as of c-myc, is related to degree
of differentiation in these human colon carcinoma cells. The
deregulated expression of these genes during the establishment
of quiescence in the poorly differentiated cells may contribute
to the altered responsiveness of these cells to exogenous growth
factors. Finally, altered temporal regulation of these genes may
be more critical than their absolute levels of expression in
influencing ultimate phenotypic properties.

4 B. L. Ziober and M. G. Brattain, personal communication.
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