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ABSTRACT

Modulation of epidermal growth factor (EGF) receptor expression
determines cellular responsiveness to EGF and might play an important
role in growth inhibition. We have investigated the actions of EGF and/
or transforming growth factor type 0 (TGF/S) on EGF receptor gene
expression in MDA-468 human breast carcinoma cell line, which re

sponds to EGF and/or TGF/9 with growth inhibition. Using the cDNA
clone pÂ£7, which encodes 2.4 kilobases of the human EGF receptor
mRNA, as a hybridization probe, we have found that exposure of MDA-

468 cells to EGF results in elevated levels of EGF receptor mRNA. This
increase in mRNA accumulation showed time and dose dependence.
Addition of TGF/8 enhances the accumulation of EGF receptor mRNA
induced by EGF. Under this condition, stimulation could be detected
after l h exposure to TGF/8 with a maximum at 6-8 h. A concentration

of 10 JIMTGF/9 gave detectable stimulation with maximal stimulation
occurring at 300 pM in the presence of EGF (50 ng/ml). In contrast,
TGF/3 alone had no significant effect on EGF receptor mRNA accumu
lation. In the presence of cycloheximide, the EGF receptor mRNA was
superinduced in response to EGF. Treatment of the cells with TGF/3
enhances the EGF-dependent superinduction of EGF receptor mRNA

produced by cycloheximide, suggesting that the stimulatory action of
I(;!â€¢/>'does not depend on continuous protein synthesis. The results

described here are consistent with the hypothesis that the growth inhib
itory action of TGF/3 in MDA-468 cells may be mediated, at least in

part, by modulation of EGF receptor gene expression.

INTRODUCTION

EGF,3 a single chain polypeptide with a molecular weight of

6045, induces a variety of biochemical events that can culminate
in stimulation of DNA replication and cell division in numerous
normal and malignant cells including those of human breast
epithelium (1,2). In contrast, EGF inhibits DNA synthesis and
cell proliferation of certain human carcinoma cells (3-5). EGF
binds to specific high affinity cell surface receptors, activating
the EGF receptor tyrosine kinase which is thought to initiate
the mitogenic/growth inhibitory signal(s) (3, 6, 7). Following
the addition of EGF to cells possessing EGF receptors, the
ligand-receptor complex is internalized, and degraded in lyso-
somes (1, 8). This results in rapid removal of both ligand and
receptor from the cell surface (1,8-10). One striking character
istic of the EGF receptor gene is its homology to the avian
erythroblastosis virus erbB oncogene (11-13). Recently, several
investigators have reported that exposure of cultured mouse
and human cells to EGF results in elevated levels of EGF
receptor mRNA and that the synthesis of new EGF receptor
follows the increase in receptor mRNA (14, 15). How these
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events lead to stimulation of DNA synthesis and cellular pro
liferation is unknown.

TGF/3 is a M, 25,000 disulfide-linked homodimer, unrelated
to EGF structurally or functionally, which binds to distinct high
affinity cell surface receptors on a variety of normal and trans
formed cell types (16-18). Under certain conditions TGF0 can
stimulate mitosis of mouse AKR-2B and rat NRK fibroblastic
cells, but the mechanism of this effect differs from that of EGF
(17-19). Interestingly in NRK fibroblasts EGF and TGF0
synergize to induce growth, whereas EGF is not required for
TGF/3 stimulation of growth of AKR-2B cells (17, 19, 20).
Although the initial studies with TGF/3 focused on its ability to
stimulate cell proliferation of fibroblasts (16), recent reports
indicate that TGF0 is a potent growth inhibitor for certain
human normal and malignant epithelial cells in culture (17, 20,
21). TGF/3 is also a powerful inducer of squamous differentia
tion for normal human bronchial epithelial cells in vitro (22).
The molecular mode of action of TGF/3 remains poorly under
stood, but it is considered to be a modulator protein (16).

Studies indicate that EGF receptors are not only modulated
by their respective ligands but also by other growth factors. For
example, platelet-derived growth factor, a-interferon, and
TGF0 regulate EGF receptors (19, 23,24). It is well established
that in NRK fibroblasts TGF/3 regulates the number and affinity
of cell surface receptors for EGF (19). Experiments suggest
that regulation of growth of epithelial cells by ligands with
antiproliferative activities such as interferons or TGF/3 may
likewise involve modulation of the EGF receptor system (17,
25). It is possible, then, that !(â€¢!.>'acts in epithelial cells, at

least in part, by regulating the expression of EGF receptors. In
this report, we examine the effects of TGF/3 treatment on the
expression of EGF receptor mRNA in the mammary cell line
MDA-468 which possesses an unusually high number of EGF
receptors (~2 x IO6 receptors/cell) and responds to EGF with

growth inhibition (4). In this cell line,.the EGF receptor gene
is amplified and this amplification is responsible for the over-
expression of the EGF receptor protein (4). Using a serum-free
culture system for MDA-468 cells, we demonstrate here that
treatment of these cells with TGF/3 results in enhanced accu
mulation of EGF receptor mRNA in the presence of EGF. The
present results suggest that the growth inhibitory effect of TGF/3
on MDA-468 cells may be an indirect consequence of its ability
to regulate EGF receptor expression and thereby to amplify the
EGF-induced inhibitory response in MDA-468 cells.

MATERIALS AND METHODS

Cell Lines and Culture Media. The MDA-468 human breast carci
noma cell line was kindly provided by Dr. R. Cailleau (MD Anderson,
Houston, TX). The cells were routinely cultured in synthetic DME/
F12 medium (17) containing 10% calf serum. For experiments, the
cells were maintained in synthetic serum-free DME/F12+H+F medium
(17). The formulation of the synthetic DME/F12+H+F medium was
DME and Ham's Ft2 mixed 1:1 and supplemented with insulin (5 Â¿tg/
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ml), transferrin (5 Mg/ml), triiodothyronine (5 pM), hydrocortisone (50
MM),prostaglandin E, (25 ng/ml), selenous acid (10 TIM),glutamine (4
HIM), penicillin (100 units/ml), streptomycin (100 jig/ml), 4-(2-hy-
droxy-ethyl)-l-piperazineethanesulfonic acid (10 mM), and bovine
serum albumin (1 mg/ml).

Analysis of RNA Levels. Total cellular RNA was isolated by the
guanidinium isothiocyanate/cesium chloride method essentially as de
scribed (26). Poly(A)+ RNA was obtained from 250 ^g of total RNA

by chromatography on oligodeoxythymidine cellulose (26). RNA sam
ples were quantified by measurement of A26o.For RNA blot analysis,
samples containing 40 /ig of total RNA or 5 /ig of poly(A)+ RNA were

fractionated on 1% agarose gels (26) and transferred to a nylon mem
brane (Biotrans; ICN Biomedicals, Irvine, CA) essentially following the
procedure of Thomas (27). Membranes were prehybridized for 4 h at
55Â°Cin a solution containing 50% v/v deionized formamide; 1 mM

EDTA; 50 mM NaH2POâ€ž,pH 6.5; 5x standard saline citrate (SSC)
[ix SSC = 0.15 M sodium chloride and 15 mM sodium citrate, pH 7.0]
; 2.5x Denhardt's solution ( 1 x Denhardt's solution = 0.02% bovine

serum albumin; 0.02% Ficoll; 0.02% polyvinylpyrrolidone), and salmon
sperm DNA (250 ng/ml). The hybridization was carried out for 18 h
at 55Â°C,in the presence of 40% formamide; 1 mM EDTA; 40 mM
NaH2PO4, pH 6.5; 4x SSC; 2x Denhardt's solution; 0.1% sodium

docecyl sulfate; salmon sperm DNA (200 fig/ml); 10% dextran sulfate,
with 3.6 x IO7count/min of 32P-labeled nick-translated purified DNA
probes. The membranes were washed at 55Â°Cin 2x SSC; 20 mM

NaH2PO4, pH 6.5; 1 mM EDTA; 0.1% sodium dodecyl sulfate; and
autoradiographed for 1 to 4 days using Kodak XAR-5 film with Dupont
Lightening Plus intensifying screen at â€”70"C.The filters were hybrid

ized to the nick-translated cDNA clone pE7 which encodes 2.4 kilobases
of the human EGF receptor mRNA (8, 28). The 2.4-kilobase insert was
excised from pBR322 by restriction endonuclease digestion with Clal
(28) and purified by electrophoresis on low melting point 1.0% agarose
gels (29). To take into account experimental variations in the amount
of RNA transferred to the filters, ribosomal RNA levels were measured
on the same blots as a control for total bound RNA. For estimation of
ribosomal RNA content, the filters were hybridized to a nick-translated
28S ribosomal DNA probe. DNA probes were labeled with [32P]dCTP
to a specific activity greater than 1.8 x 10* cpm/Vg of DNA by nick

translation (New England Nuclear, Boston, MA). The size of the
oncogene transcripts was determined relative to 18S and 28S ribosomal
RNA markers.

Materials. The 2.4-kilobase cDNA probe pE7 has been isolated by
Merlino el al. (30) and was kindly provided by Dr. I. Pastan (NCI,
Bethesda, MD). The 28S ribosomal DNA probe was kindly supplied
by Dr. G. Chinnadurai, Institute of Molecular Virology, St. Louis
University, St. Louis, MO. TGF/8 was purified to homogeneity from
serum-free medium conditioned by the mouse cell line L-929 (17).
Sources of all other growth factors, hormones, and chemicals were as
described elsewhere (3, 17).

Other Procedures. Other methods utilized in this investigation were
performed as described in Refs. 3 and 17. The mRNA results presented
here were repeated with similar results in at least four independent
experiments each.

RESULTS

Growth and Receptor Characteristics of Human Mammary
Cells MDA-468 Relevantto This Study. To investigate the effect
of EGF and/or TGF/3 on growth of MDA-468 cells, the cells
were treated for 24 h with these factors under serum-free
monolayer culture conditions identical to those reported here
for the mRNA experiments. The results showed that the cells
respond to EGF (50 ng/ml) with inhibition of growth by 60%
(control at time 0, 3.75 x IO6cell/dish; control at 24 h, 6.44 x
IO6cells/dish; EGF-treated cells, 4.84 x IO6cells/dish; N=4

measurements). TGF/3 (300 pM) alone had no effect on cell
growth (6.5 x 10*cells/dish; N = 4). Complete (100%) inhibi

tion of growth was observed in cultures treated with both EGF

and TGF/3 (3.2 x IO6cells/dish; N = 4), demonstrating syner-

gistic action of these two factors.
Under our culture conditions, Scatchard analysis demon

strated that MDA-468 cells express extraordinarily high con
centrations of EGF receptors (~3.4 x 10*sites/cell; apparent
Ka= 1.4 HM).Competitive binding analysis showed that MDA-
468 cells possess about 2.8 x 10"TGF/3 binding sites/cell with
an estimated KAvalue of ~52-74 pM.

Kineticsof EGF-inducedEGF Receptor mRNA Accumulation.
To determine the effects of EGF on the expression of EGF
receptor gene, MDA-468 cells were exposed to EGF at 50 ng/
ml for various periods of time. Samples of poly(A)* RNA from

each of the time points were transferred onto nylon membranes,
the blot was hybridized to the pE7 probe, and the signal
strengths from the resulting autoradiogram were quantitated by
densitometry. At 30 min, no induction by EGF was observed,
while at 1 h, a significant increase in EGF receptor mRNA was
detectable (Fig. 1/4). The maximum levelof accumulation (~17-
fold greater than control at time 0) was reached at approxi
mately 8 h (Fig. IA). The levelof EGF receptor mRNA declined
from 8 to 16 h (data not shown). RNA blot analysis (Fig. Ifi,
lane 2) showed that the rise in mRNA levels is the result of
accumulation of both a sharp 10-kilobase and a broad 5.6-
kilobase species of mRNA. The mRNA species found in EGF-
treated or untreated MDA-468 cells are the same as those
previously described for untreated MDA-468 cells under serum-
containing conditions (4) and are similar to those observed in
other cell lines using the pE7 probe (14, 31).

The results of numerous experiments revealed that EGF
elicited a maximal response in EGF receptor mRNA accumu
lation in cultures in which the medium was replaced by fresh
serum-free medium l h before the addition of EGF (Figs. 1 and
3Ã„).

Effect of EGF Concentrations on EGF Receptor mRNA Level.
We have also analyzed poly(A)+ RNA obtained from MDA-

468 cells treated for 5 h with increasing concentrations of EGF.
Fig. 2Ashows that the level of EGF receptor mRNA increased
progressively with increasing concentrations of EGF. As little
as 0.5 ng/ml EGF induced a detectable increase in EGF receptor
mRNA (Fig. 2B, lane 2). Maximal levels of EGF receptor
mRNA were reached at approximately 50 ng/ml EGF (Fig.
2A). A concentration of 100 ng/ml EGF produced a significant
decrease in EGF receptor mRNA accumulation at both 1 and
4 h of treatment (data not shown).

Effect of TGF0 on 1<.1 -Stimulated EGF Receptor Gene
Expression. In an attempt to determine whether EGF receptor
gene expression may be modulated by TGF/3, MDA-468 cells
were treated with TGF0 (300 pM) in the presence and absence
of EGF (50 ng/ml) for set intervals and the poly(A)+RNA was

analyzed. Fig. 1 shows that TGF/3 alone (300 pM) had no
significant effect on EGF receptor mRNA in the absence of
EGF. As shown in Fig. 1, the presence of TGF/3 strongly
enhances the EGF-dependent induction process. This enhance
ment by TGF0 of the EGF-stimulated EGF receptor mRNA
induction is most evident at 1 to 8 h (Fig. \A and B, lanes 2
and 4). Densitometry revealed that the enhancement by TGF/3
of the EGF-mediated increase in EGF receptor mRNA at 8 h
is approximately 40-fold in comparison to control at time 0
(Fig. IA). These results demonstrate that TGFÃŸenhances the
EGF-mediated increase in EGF receptor mRNA in a time-
dependent fashion.

To study this enhancement in further detail, MDA-468 cells
were treated for 5 h with increasing concentrations of TGF,8 in
the absence or presence of 2.5 or 25 ng/ml EGF (Fig. 2). TGF/3
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Fig. 1. I. time course showing the change
in EGF receptor mRNA levels after addition
of EGF and/or TGF/3. Subconfluent MDA-
468 cells were maintained for 24 h in synthetic
DME/F12+H+F medium. Then, the medium
was replaced by the same fresh medium and 1
h later EGF (50 ng/ml) and/or TGF/3 (300
pM) were added. Aliquots of poly(A)* RNA (6

pg/lane) were fractionated on 1% agarose gels
and transferred to a nylon membrane. The
transcripts were detected by hybridization with
"P-labeled pÂ£7probe and subsequent autora-

diography. The resulting autoradiogram was
quantified by densitometric scanning (only sig
nals in the linear range of film sensitivity were
quantified) and the intensity of the hybridiza
tion signal for each time point is shown relative
to the level of time 0. D, control, no additions;
O, EGF; V, TGF/3; â€¢,EGF plus TGF/3. B,
autoradiograph (2-th exposure) of an RNA
blot analysis [6 jig of poly(A)* RNA per well]
showing the changes in the levels of the 10-
and 5.6-kilobase mRNAs encoding the EGF
receptor after an 8-h treatment with EGF (50
ng/ml) and/or TGF/3 (300 pw). C, densito
metric quantitations were made with reference
to the signals obtained by rehybridizing the
same blots to a 32P-labeled 28S ribosomal

DNA probe.

B

EGF

TGF/?

10 kb-Â»-

5.6 kb-*-

1234

Fig. 2. Enhancement of EGF-induced EGF
receptor mRNA levels by different concentra
tions of TGF/3. A, MDA-468 cells were cul
tured as indicated in Fig. 1. Poly(A)* RNA

was isolated from the cells 5 h after the addi
tion of the indicated amounts of EGF and/or
TGF/}. The RNAs were fractionated by elec-
trophoresis, transferred to a nylon membrane,
and hybridized to 32P-labeled pE7 probe. The

resulting autoradiogram was quantitated by
densitometry and the relative intensities of the
EGF receptor mRNA signal were plotted as a
function of EGF and/or TGF/3 concentrations
in the culture media. B, autoradiographs (24-
h exposure) of representative lanes of the RNA
blot analysis utilized to construct the graph
shown in A are shown. Lane 1, no additions;
lane 2, 0.5 ng/ml EGF; lane 3, 25 ng/ml EGF;
lane 4, 300 pM TGF/3; lane 5, 25 ng/ml EGF
plus 50 pM TGF/3; lane 6, 25 ng/ml EGF plus
300 pM TGF/3; lane 7, 25 ng/ml EGF plus 600
pM TGF0. C, signals corresponding to ribo
somal RNA levels were quantitated by densi
tometric scanning after rehybridization of the
same blot with a nick-translated 28S ribosomal
DNA probe. The sample numbers correspond
in sequence with each of the conditions (left to
right) shown in I.
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alone (10-300 p\t) had no significant stimulatory effect in EGF
receptor mRNA expression in the absence of EGF (Fig. 2, A
and B, lane 4 ). Fig. 2A shows that the increase in EGF receptor
mRNA level produced by 2.5 or 25 ng/ml EGF was enhanced
in a dose-dependent fashion by increasing concentrations of
TGF/3 (10-600 pM). A significant or moderate enhancement of
the EGF-mediated increase in EGF receptor mRNA was ob
served with as little as 50 or 10 pM TGF0 in the presence of
2.5 or 25 ng/ml EGF, respectively. Maximal enhancement of

EGF receptor mRNA by TGF/3 was observed with 600 or 300
PM TGF/3 in the presence of 2.5 or 25 ng/ml EGF, respectively.
In the presence of 25 ng/ml EGF, a concentration of 600 pM
TGF/3 produced a significant decrease in EGF receptor mRNA
accumulation.

To determine whether the accumulation of EGF receptor
mRNA induced by TGF/3 was specific, MDA-468 cells were
treated for 5 h with various growth factors in the absence and
presence of EGF (50 ng/ml). When the medium was supple-
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men(Â«Iwith additional amounts of either transferrin (10 fig/
ml, final concentration) or insulin (10 ng/m\, final concentra
tion), no effect on the level of EGF receptor mRNA was
detected in the absence of EGF (data not shown). However, the
additional quantities of transferrin or insulin significantly in
creased (~0.6- and 0.9-fold, respectively) the EGF-dependent
accumulation of EGF receptor mRNA. No effect on the level
of EGF receptor mRNA was detected when either platelet-
derived growth factor (10 ng/ml) or fibroblast growth factor
(10 ng/ml) were added in the absence or presence of EGF (data
not shown).

To investigate whether the accumulation of EGF receptor
mRNA was accompanied by early changes in cell number,
MDA-468 cells were incubated for 5 h in the presence and
absence of EGF (50 ng/ml) and/or TGF/3 (300 PM). The results
of these experiments showed that the cell number at 5 h was
virtually the same for all the conditions tested (control, 3.75 x
IO6 cell/dish; EGF, 3.79 x IO6 cell/dish; TGFft 3.71 x IO6
cell/dish; EGF plus TGFft 3.58 x 10" cells/dish; N = 2 separate

experiments).
Effect of Cycloheximide on EGF Receptor mRNA Levels in

the Presence and Absence of EGF and/or TGF/3. The increased
accumulation of growth factor-induced mRNAs that is observed
in cells simultaneously treated with cycloheximide and growth
factors has been termed superinduction (32). To determine
whether or not EGF receptor mRNA is superinduced in re
sponse to EGF, a time course of EGF receptor mRNA induction
was established in MDA-468 cells treated with and without
EGF (50 ng/ml) in the presence and absence of cycloheximide
(10 Mg/ml) (Fig. 3A). When EGF was added alone, EGF recep
tor mRNA was induced about 3- to 2-fold between 0.5 and 2 h,
respectively, declining to basal levels after 2 h of treatment (Fig.
3A). When cycloheximide alone was added to MDA-468 cells,

EGF receptor mRNA levels were not significantly changed in
comparison to control levels at all time points examined (Fig.
3B). When cycloheximide was added together with EGF, a
superinduction of about 7- to 28-fold relative to the level of
time 0 was observed between 1 and 4 h of treatment (Fig. 3A).

We also determined the effects of cycloheximide on the
stimulatory action of TGF/3 on the EGF-dependent EGF recep
tor gene expression. TGF/8 alone (300 PM) had no significant
stimulatory effect on EGF receptor mRNA expression at all
time points tested (Fig. 3B). When cycloheximide was added
together with TGF/3, no effect on the rate of accumulation of
EGF receptor mRNA was observed at early time points (3 min
to 2.5 h), but a modest increase (~4-fold) in EGF receptor
mRNA level was detected at 4 h (Fig. 3B). Fig. 3A shows that
TGF/3 increased the EGF-dependent induction of EGF receptor
mRNA about 6- to 15-fold over the basal level at 2 and 4 h of
treatment, respectively. As shown in Fig. 3A, the presence of
cycloheximide markedly potentiated the stimulatory action of
TGF/3 on the EGF-dependent accumulation of EGF receptor
mRNA after 30 min of combined treatment, reaching at 4 h a
level approximately 50-fold higher than control level at time 0.

DISCUSSION

In this paper, we have shown that TGF/3 enhances the accu
mulation of EGF receptor mRNA induced by EGF in the MDA-
468 human mammary breast cancer cell line. Maximal stimu
lation of approximately 10-fold was observed after 6-8 h of
TGF/3 treatment and at a concentration of 300 pM in the
presence of 50 ng/ml EGF. Since the increase in EGF receptor
mRNA induced by TGF/3 was not due to alterations in cell
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Fig. 3. I and H. time course analysis of EGF receptor mRNA accumulation

in MDA-468 cells treated with EGF and/or TGF/3 in the absence or presence of
cycloheximide. Subconfluent cells were maintained for 24 h in DME/F12+H+F
medium. Then, without media change, the cells were treated with or without
cycloheximide (10 Â«Â¿g/ml)for 3 h. Poly(A)* RNA was isolated from the cells at

the indicated intervals following the simultaneous addition of EGF (SO ng/ml)
and/or TGF/3 (300 p\i) in the absence or presence of cylcoheximide (10 Â»/i;'ml).

The RNA samples were fractionated by electrophoresis, transferred to nylon
membranes, and hybridized to 32P-labeled pE7 probe. The resulting autoradi-

ograms were quantitated by densitometry and the intensities of the EGF receptor
mRNA signal for each time point were plotted relative to the level of time 0.. l
A, EGF; O, EGF plus TGF/3; A, EGF plus cycloheximide; Â»,EGF plus TGF0
plus cycloheximide. B: D, control, no additions; V, TGF/3; â€¢.cycloheximide; T.
TGF/3 plus cycloheximide.

number, overall changes in RNA synthesis, and was not ob
served with other growth factors, the effect of TGF/8 on EGF
receptor mRNA is consistent with the specificity of the inter
action between TGF/3 and EGF (16, 19-21).

The results presented here also demonstrate that EGF pro
gressively induces the accumulation of EGF receptor mRNA in
MDA-468 cells to levels 5- to 10-fold greater than are present
in the uninduced state. These results are in substantial agree
ment with the observations of Clark et al. with human KB
carcinoma cells that demonstrate that EGF receptor mRNA
induction by EGF is a primary consequence of EGF receptor
interaction (14). Earp et al. also observed that EGF stimulates
EGF receptor mRNA by 3- to 5-fold in the rat WB hepatic cell
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line, supporting further the contention that the action of EGF
that leads to receptor degradation is counterbalanced by an
increase in receptor synthesis (15). Our results are also in
substantial accord with the results of Kudlow et al. that docu
mented at the protein level that EGF stimulates the synthesis
of its own receptor in MDA-468 cells (33). The accumulating
examples that EGF receptor synthesis in not a constitutive
process which responds only passively to down regulation em
phasize the importance of understanding the molecular mech
anism involved in the regulation of the EGF receptor mRNA.

The demonstration that EGF receptor gene expression can
be experimentally regulated by TGF/3 implicates EGF receptors
in the process that controls growth inhibition induced by TGF/3
in MDA-468 cells. It may be inferred from published reports
that there is a relationship between cell surface EGF receptors
and growth response, and when an optimum quantity of EGF
receptors is surpassed, growth inhibition results on exposure to
EGF (3-5). Thus, it is conceivable that a moderate or even a
small increase in the level of EGF receptors induced by TGF/3
in the presence of EGF contributes to growth inhibition in
MDA-468 cells, as has been demonstrated for the interaction
EGF/EGF receptors in this cell line (4, 33) and in A-431 human
epidermoid carcinoma cells (3, 5). It may be significant that
TGF/3 is not unique in the possession of the ability to enhance
EGF receptor mRNA in human carcinoma cells. Chang et al.
using northern blot analysis and v-erb-B as a probe have ex
amined A-431 carcinoma cells and found that the 10-kilobase
mRNA encoding the EGF receptor is elevated 3- to 7-fold after
3 days of interferon--y treatment and that this elevation is

associated with both increased EGF receptor protein and
growth inhibition (25).

We have found that addition of cycloheximide and EGF to
MDA-468 cells superinduces EGF receptor gene expression.
These additive stimulatory effects of cycloheximide and EGF
have also been observed for EGF receptor gene expression in
human KB carcinoma cells (14). The protein translation inhib
itor cycloheximide is already known to stimulate the accumu
lation of many other RNA species, including oncogene products
such as c-myc and c-fos (32, 34). There are also examples where
addition of EGF together with cycloheximide produces a syn-
ergistic effect on the expression of the mouse actin gene (35).
The accumulation of many RNA species produced by cyclohex
imide is believed to occur because cycloheximide inhibits the
synthesis of either a labile transcription repressor or the syn
thesis of a species of RNase and thereby initiating the novo
transcription or stabilizing mRNAs, respectively (14, 35). It is
of interest that the enhancing effect of TGF/3 on EGF receptor
mRNA, in the presence and absence of EGF, could be poten
tiated by cycloheximide. This finding is significant because it
indicates that the stimulatory action of TGF/3 on EGF receptor
gene expression does not depend on continuous protein synthe
sis. The cooperative stimulatory effects of EGF, TGF/3, and
cycloheximide when added together also indicate that their
effects are separate and additive and are thus mediated through
different molecular mechanisms.

We conclude that the expression of the EGF receptor gene
as mRNA can be modulated by TGF/3 in MDA-468 cells under
our experimental conditions. Whether the TGF/3 initiates de
novo transcription or modulates transcript stability remains to
be examined. If the hypothesis presented in this paper is correct,
then, in the MDA-468 cell system the antiproliferative activity
of TGF/3 may be mediated, at least in part, through its ability
to modulate expression of EGF receptors.
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