
sion of another activity present in serum, or 
relieve an inhibition. Our results raise the 
possibility that a new pituitary factor will 
join the list of growth-promoting hormones 
induced by thyroid hormone in vivo. The 
finding that T3 induces GH4CI pituitary 
cells to secrete an autocrine growth regula- 
tor should provide a basis for future research 
on the molecular mechanism of growth con- 
trol by thyroid hormones. 
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Two Different cis-Active Elements Transfer the 
Transcriptional Effects of Both EGF and Phorbol Esters 

Short cis-active sequences of the rat prolactin or Moloney murine leukemia virus genes 
transfer transcriptional regulation by both epidermal growth factor and phorbol esters 
to fusion genes. These sequences act in a position- and orientation-independent 
manner. Competitive binding analyses with nuclear extracts from stimulated and 
unstimulated cells suggest that different tm-act ing factors associate with the 
regulatory sequence of each gene. A model is proposed suggesting that both epidermal 
growth factor and phorbol esters stimulate the transcription of responsive genes via 
discrete classes of hormone-dependent, enhancer-like elements that bind different 
tram-acting factors, even in the absence of hormone stimulation. 

D IFFERENTIATION AND REPLICA- 

tion of eukaryotic cells are under 
complex control and are regulated 

by diverse families of peptides, including 
those collectively referred to as growth fac- 
tors (1). One of the best studied of these is 
epidermal growth factor (EGF) (2), which 
acts by binding to a specific transmembrane 
receptor that has intrinsic protein kinase 
activity (3). The binding of EGF to its 
receptor generates a series of very early 
responses, such as increased sodium flux and 
stimulation of tyrosine phosphorylation (1, 
3,4), and rapidly affects a number of cellular 
processes involved in the growth response. 
These include increases in- the svnthesis of 
specific proteins (5) and rapid stimulation of 
transcription of specific genes (6-10). Be- 
cause the receptors for all polypeptide hor- 

mones are initially localized to the plasma 
membrane, the regulation of gene transcrip- 
tion by polypeptide hormones requires 
transduction of the signal to the nucleus. 

The prolactin gene is expressed in vivo in 
a population of pituitary cells and in G H  rat 
pituitary cell lines (11, 12), and encodes a 
polypeptide hormone important for repro- 
duction and osmoregulation. We have re- 
ported that EGF, thyrotropin-releasing hor- 
mone (TRH), and adenosine 3',5'-mono- 
phosphate (CAMP) rapidly stimulate tran- 
scription of the rat prolactin (rPRL) gene 
within minutes of their addition to cultures 
of G H  cells, resulting in a rate of initiation 
of new transcripts that is increased seven to 
ten times (6, 13, 14). Because the transcrip- 
tional effects of EGF are rapidly attenuated 
and the rPRL messenger FWA (mRNA) is 

long-lived, the mature rPRL mRNA in- 
creases only 2 to 3.5 times, with a compara- 
ble increase in rPRL synthesis (6, 13). Phor- 
bol esters, which are reported to activate 
protein kinase C (15) and cause the same 
pattern of cytoplasmic phosphorylation and 
morphological changes as EGF in GH cells 
(16), also rapidly activate transcription of 
the rPRL gene (17). A fragment of the 
rPRL gene containing 3 kb of 5'-flanking 
sequence transfers regulation by both EGF 
and the phorbol ester 12-0-tetradecanoyl 
phorbol 13-acetate (TPA) to an unrespon- 
sive heterologous transcription unit in A431 
cells (18), suggesting that these cis-active 
sequences transfer transcriptional regulation 
in a manner analogous to those conferring 
regulation by steroid hormones (19, 20). 
Evidence for comparable regulatory ele- 
ments in the bovine PRL gene (21) and the 
c$? gene (7) has been reported. On the 
basis of these observations and the demon- 
stration that serum growth factors, includ- 
ing EGF, rapidly induce the transcription of 
multiple gene products (7, 8), one might 
predict that all such genes would have a 
similar or consensus sequence responsible 
for their increased transcription. 

Cis-active sequences referred to as en- 
hancers markedly stimulate the transcription 
of eukaryotic genes in a relatively position- 
and orientation-independent fashion (22, 
23). It is suggested that enhancer activity is 
dependent on the binding of trans-acting 
factors present in limiting concentrations 
(23,24). Although many of these enhancers 
do not appear to be hormonally regulated 
and exert only tissue-specific actions on gene 
transcription, studies of the mammary tu- 
mor virus, Moloney murine sarcoma virus, 
and other genes have shown that some 
enhancers confer hormonal responsiveness 
on gene transcription. For example, the 
glucocorticoid-receptor complex directly 
regulates gene transcription as a conse- 
quence of binding to genomic sequences 
that act as classic enhancers (19, 20). 

Because 5'-flanking sequences of the 
rPRL gene confer transcriptional regulation 
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Fig. 1. Mapping the EGF and TPA regulatory 
region of the rat prolactin gene. Fragments of the 
5'-flanking region of the rPRL gene extending 
from -1.8 kb to -35 bp were placed 5' of the 
bacterial CAT gene, and the plasrnids were trans- 
fected into GH4 cells. EGF (10-'M) or TPA 
  lo-'^) were added 24 hours after transfection 
and cells were harvested 48 hours after transfec- 
tion. CAT activity was quantitated as described 
(26, 36). Similar results were obtained in ten 
experiments. The stimulations by both EGF and 
TPA were statistically significant (P < 0.001, 
n = 10); the average stimulation was 280 t 50 
(SEM) percent. 

by EGF and TPA on hsion genes in perma- 
nent transfectants (18), we performed a 
deletional analysis of this region to identify 
the putative cic-active regulatory element. 
Deletions of the rPRL 5'-flanking sequence 
were evaluated for responsiveness to EGF 
and TPA by hsion to the bacterial chloram- 
phenicol acetyltransferase (CAT) gene (25) 
and measurement of enzyme activity after 
transient transfection of the constnktions 
into GH cells. The cell-specific rPRL gene 
enhancer (26) was utilized in these construc- 
tions to obtain a detectable level of basal 
expression. The serial deletions exhibited a 
relatively constant level of promoter efficacy, 
even in the case of the -78 and -35 
constructions, suggesting the absence of up- 
stream sequences that confer suppression of 
rPRL gene expression in the basal state (Fig. 
1). Both EGF- and TPA-induced gene 
expression was observed with rPRL se- 
quences shortened to -78 bp, but were 
absent in constructions containing only 35 
bp of 5'-flanking information. These data 
suggested that a cis-active element confer- 
ring such regulation was either entirely lo- 
cated between -78 and -35 or that a 
critical region was split at -35. The amount 
of stimulation in different experiments re- 
flected the variable (2- to 3.5-fold) stimula- 
tion of endogenous rPRL transcripts. 

To determine whether the regulatory re- 
gion was acting as a classic enhancer ele- 
ment, a series of hsion genes was construct- 
ed with promoters from the rat growth 
hormone (rGH) (26) and herpes simplex 
virus thymidine kinase (tk) genes (27). 
rPRL 5'-flanking genomic sequences ex- 
tending from -172 to - 10, placed in both 
orientations in front of the ~ G H  promoter 
(-320 to +8),  transferred both EGF and 
TPA regulation (Fig. 2B), whereas five 
DNA fragments from pBR322 failed to 
exert any effect (Fig. 2A). Consistent with 
this enhancer-like effect, the sequence also 
conferred regulation when placed 3' of the 
CAT gene at more than 1.5 kb from the 
transcription start site. When placed 5' of 
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the tk promoter (-200 to + 70), the identi- 
cal -172 to - 10 fragment conferred a 20- 
to 40-fold induction by EGF or TPA, con- 
sistently higher than that observed with the 
rGH promoter. 

Because the above analysis indicated that 
the sequence extending from -78 to + 34 
retained hormonal responsiveness but the 
sequence -35 to + 34 was inactive, a syn- 

S V 4 3 A "  
AmpR splice, po~y A 

thetic oligonucleotide corresponding to the 
sequence - 79 to - 30 of the rPRL gene was 
tested for ability to transfer regulation to the 
tk  promoter. In the inverted orientation, a 
fourfold to sixfold induction was observed 
in the presence of TPA or EGF (Fig. 2C). In 
the direct orientation, minimal hormonal 
stimulation was recorded with a single copy 
of the oligomer, but a threefold to fivefold 
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Fig. 2 Position- and orlentation-mdependence of the rPRL cis-actlve element. A rPRL DNA fragment 
extending from - 172 to - 10 was placed m both orientations, 5' to a CAT fuslon gene containmg (A) 
the rGH promoter (-320 to +8) or (B) the tk  promoter (-200 to +70). EGF gave v~rtually the same 
results as TPA m the rGH fusion genes. Five Sau 3A fragments of pBR322 (30), referred to as A to E 
(36), conferred no regulation. Placement of the rPRL - 172 to - 10 fragment 3' of the CAT gene also 
gave comparable stimulation. (C) A fragment encompassing the reglon -79 to -30 was mserted m the 
comparable positlon in an inverted orlentatlon or as one of nvo tandem coples m the direct onentatlon. 
The effects of EGF or TPA on gene expression were quantitated by CAT assay 20 hours after thelr 
addition; results are significant at P < 0.001. Similar results were obtamed m four additional 
experunents. The average induction by EGF and TPA was slmilar for elther the GH or the tk  promoter 
constructions. 
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Fig. 3. EGF and TPA regulatory regions in the MoMLV LTR. A fragment of the MoMLV LTR 
containing the two 75-bp repeats (numbered 0 to 150) or a series of fragments representing 15 to 90, 
62 to 136,37 to 90, and 27 to 72 were placed 5' of the (A) rGH or (B) tk promoter f k d  to the CAT 
gene (37). EGF or TPA inductions were for 20 hours, 24 hours after transfection of GH4 cells with 10 
pg per plate of each plasmid. The basal activity of the MoMLV LTR fragment containing both 75- 
bp repeats was considered 100% basal enhancer activity. Results were repeated in six experiments of 
similar design and are sigmficant at P < 0.001; the average stimulation by the 37 to 90 fragment was 
not significantly different from the average stimulation by the fdl MoMLV enhancer or the 62 to 136 
ii-agment. 
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Fig. 4. ~r RNA transcription initiation 
site analysis. A 33-nucleotide primer cornplemen- 
tan to nucleotides 29 to 61 of the CAT coding 
sequence was used to determine the CAP site of 
transcripts of the fusion transcription units de- 
scribed in Figs. 1, 2, and 3. (A) The predicted 72 - 
prirncr extension products are shown (dotted 
lines). (B) Primer extension analysis of 50 kg of 
total RNA prepared from CHI cells that were 
transfected with plasmid containing the rPRL enhancer-CAT gene, but with the rPRL promoter 
region (- 172 to + 34) deleted (lane 1); the rPRL enhancer and promoter ( -  172 to + 34) with no 
hormone added (lane 2) or 20 hours after treatment with EGF (1W8M) plus TPA ( ~ O - ' M )  (lane 3); 
the MoMLV enhancer-GH promoter-CAT fusion with no hormone (lanc 4) or 24 hours after EGF 
and TPA treatment (lane 5). Lane M represents the products of a Hae I11 digest of +X174, which are 
used as markers (in nucleotides). An identical primer extension product ( 104 nt) was obsenvd when the 
rPRL (-172 to - 10)-GH promoter-CAT fusion gene product was similarly analyzed. The autoradio- 
gaph shown was developed following a 4-day exposure. 

stimulation was observed when we used two 
tandem copies, implying that this region 
contained sufficient information to transfer 
hormonal regulation, although suboptimal- 
ly. Inefficient regulation by short DNA se- 
quences that encompass the critical element 
for transcriptional regulation has been ob- 
served in the transfer of regulation by both 
steroid hormones and metals (28,29). This 
decrease in efficiency may be due to the 
truncation of flanking sequences required 
for optimal protein-DNA interaction. 

Before characterization of the rPRL en- 
hancer (26), the enhancer from the Moloney 
murine leukemia virus (MoMLV) long ter- 
minal repeat (LTR) was utilized to elevate 
basal CAT gene expression to a detectable 
level, but it became apparent that the 
MoMLV enhancer element itself (30) con- 
ferred both TPA and EGF regulation in GH 
cells. Deletional analysis of the MoMLV 
enhancer element revealed that the &-active 
sequence responsible for such regulation 
resided in a 53-bp region within one of the 
75-bp repeats (30) (Fig. 3A). This element 
had virtually no enhancer activity as deter- 
mined in the absence of hormonal stimula- 
tion, even though the fragment retained a 
core enhancer consensus sequence (Fig. 
3A). Similar data were obtained in fusion 
genes in which the tk promoter was substi- 
tuted for the rGH promoter; however, the 
amount of stimulation in response to TPA 
and EGF was lower than in the case of 
fusion genes containing the rGH promoter 
(Fig. 3B). 

Correct usage of the transcriptional CAP 
site in the above constructions was exam- 
ined by the primer extension method (31) 
and was confirmed for transcription units 
containing either the rPRL or rGH promot- 
ers (Fig. 4). The effect of EGF and TPA was 
to increase the number of mature transcripts 
that utilized the identical CAP site. 

The identification of EGF- and TPA- 
responsive elements in the rPRL 5'-flanking 
region and in the MoMLV enhancer permit- 
ted us to investigate whether these two &- 
active elements were regulated by the identi- 
cal ham-acting factor. The binding of pro- 
teins to the rPRL regulatory sequence was 
assessed by the exonuclease I11 (Exo 111) 
protection assay (32) with a rPRL DNA 
probe extending from - 172 to + 34, indud- 
ing the -78 to -35 regulatory element. As 
shown in Fig. 5, and as seen in additional 
experiments labeling the fragment at each 5' 
terminus, nuclear extracts from GH cells 
contained a protein or proteins that bound 
to the region between - 73 and -28. Speci- 
ficity of binding was suggested by competi- 
tion with various DNA fragments; both 
genomic sequences and synthetic homopol- 
ymers failed to compete for binding even 
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when they were in 100-fold molar excess. 
The rPRL genomic fragment from - 172 to 
-79 also failed to compete for binding, at 
the same molar excess (Fig. 5B, lane 4); 
however, a fragment from -78 to +34 
competed at 10- and 100-fold molar excess 
(Fig. 5B, lanes 5 and 6). 

The MoMLV enhancer, which also trans- 
fers EGF and TPA regulation, did not com- 
pete with the binding of proteins to the 
rPRL region, even when present at a 100- 
fold molar excess (Fig. 5B, lane 7). The 
MoMLV 75-bp region, defined by Pvu I1 
restriction sites within the two 75-bp re- 
peats (MoMLV-P75), itself exhibited two 
regions of protein binding, as assessed by 
the Exo 111 protection assay, both of which 
were unaffected by the addition of 100-fold 
molar excess of the rPRL regulatory se- 
quences (- 172 to +34). Because CAMP 
also regulates rPRL gene transcription (14), 
a 53-bp sequence that transfers regulation 
by tbrskolin to the herpes simplex virus tk  
promoter was also tested as a competitor 
and failed to compete biding to the rPRL 
probe at 100-fold molar excess (Fig. 5B, 
lane 9). These data suggest that at least two 
different nuclear proteins bind the rPRL and 
MoMLV regulatory regions. Because the 
major protein binding sites in the rPRL 
sequence coincide with those sequences that 
transfer EGF and TPA regulation, a poten- 
tial role for the DNA-binding protein or 
proteins in hormone-dependent d p  
tional activation is suggested. 

These conclusions were tested M e r  
with the gel retardation assay described by 
Fried and Crothers (33,34). Incubation of 
extracts from GI& cells with the -79 to 
-30 rPRL DNA fragment resulted in two 
major retarded species, with binding pro- 
portional to the amount of extract used (Fig. 
6A). Binding was competed by the rPRL 
fkagment - 172 to +34 at tenfold molar 
excess, but was not effectively competed by 
the MoMLV-P75 fragment, a 205-bp frag- 
ment of the SV40-VPl gene, the herpes tk  
promoter (Fig. 6B), or by a p l y  d(A-T) 
heteropolymer. These data further support 
the conclusion that the sequences -72 to 
-36 are both required and sufEcient for 
binding of specific tram-acting faaors and 
that the factors that bind the rPRL regula- 
tory region are not competed by the compa- 
rable MoMLV regulatory regions or by an 
unrelated &-active DNA sequence that con- 
fers CAMP responsiveness. Conversely, with 
the MoMLV-P75 fragment regulatory re- 
gion as the labeled probe, binding detected 
in the gel retardation assay was effectively 
competed by the MoMLV region, but not 
by a 50-fold molar excess of the rPRL 
regulatory region ( - 172 to + 34). 

Because the elements that conferred EGF 

and TPA regulation were localized to short 
sequences that bound specific factors, we 
could investigate whether hormonal treat- 
ment altered the pattern of protection seen 
during Exo I11 digestion of the regulatory 
element. There was no discernible difterence 
in binding of factors to the rPRL regulatory 
region with extracts prepared from unstimu- 
lated GI& cells or G& cells treated with 
TPA and EGF for either 60 minutes (Fig. 
5B, lanes 2 and 3) or 10 to 30 minutes. 
S i  results were obtained with the gel 
retardation assay (Fig. 6A) with no differ- 
ences observed in patterns of retarded spe- 
cies between control and hormone-treated 
cells. The absence of a shift in the migration 
of DNA-protein complexes would suggest 
that no change in stable protein-protein 
interactions involving the DNA-binding 
factor or factors occurred in nuclear extracts 
from hormone-treated cells. Allosteric alter- 
ations of these hctors by covalent m d c a -  
tion or noncovalent interactions may be 
required for their stimulatory effects on ini- 
tiation oftranscription. However, the caveat 

A rPRL regulatory region * 
5' ( 1  3' 

Xho l SfaN I Hind Ill 
(-1 72) (-7'3) (+34) 

I Extract k competitor DNA 
Exo Ill 

Protected fragments 

remains that activation or inactivation of 
proteins during preparation of nuclear ex- 
tracts may prevent detection of hormone 
regulated tram-acting factors in our assay 
system. 

The demonstration that specific sequences 
act in a position- and orientation-indepen- 
dent khion  to confer responsivity to EGF 
and TPA suggests that they might be func- 
tionally analogous to those sequences re- 
quired fbr transcriptional activation by ste- 
roid hormones (28), double-stranded RNA 
(35), and heavy metals (29). In the case of 
glucocorticoids, a single mediator, the hor- 
mone receptor, appears to regulate tran- 
scription of responsive genes via a single 
class of &-active DNA sequences (28). In 
contrast, the EGF and TPA regulatory ele- 
ments of MoMLV and rPRL do not share 
any striking homologies (Fig. 7A), nor 
do they compete for identical binding 
proteins, suggesting that different regula- 
tory sequences can* exhibit functional simi- 
larities. The rPRL sequence ~I-'~AGAG- 
GATGCCTGAT-603' is related to the se- 
quence 51-323ACAGGATGTCCA- 
 TAT-^^^' of the c-fi$l gene, which resides 
in a 56-bp fragment that transfers serum 
inducibility to heterologous promoters in 
NIH-3T3 cells. In GH cells also, a 66-bp 
region of c-fi$l ( - 345 to -280) including 
this sequence confers regulation by EGF 
and TPA to otherwise unresponsive pro- 
moters. As yet, the relationship between the 
rPRL and the c-fip regulatory elements is 

Fig. 5. Exonuclease footprint analysis of the rPRL 
regulatory region. (A) A rPRL genomic fragment 
extending from - 172 to + 34 was labeled at the 
Hind I11 site (+34), incubated with nuclear ex- 
tract from GH., cells, digested with Exo 111, and 
(B) elecwphoresed on 5% denaturing polyauyl- 
amide gels (32). The autoradiograph rCp~CSCnts a 
3-day exposm. st, DNA standards from an Hpa 
11 digestion of pBR322 (in nudeotides); lane 1, 
DNA probe with extract, but without Exo 111; 
lane 2, fragment incubated with nuclear extract 
from unstirnulated GH., cells; lane 3, fragment 
incubated with nudear extract from G& cells 
treated with EGF (10-'M) plus TPA (10-'11.1) 
for 30 minutes; lanes 4 to 9, competitor DNA 
plus nudear extract from TPA plus EGF-stimulat- 
ed GH., cells (32); lane 4, 100-fold molar excess 
of a - 172 to -79 rPRL genomic fragment; lanes 
5 and 6, 10-fold and 100-fold molar excess of a 
-78 to +34 rPRL genomic fragment, respective- 
ly; lane 7, 100-fold molar excess of the 75-bp 
MoMLV rcpeat element; lane 8, 100-fold molar 
excess of a 424-bp fragment from the rPRL gene, 
(- 1956 to - 1530); lane 9,100-fold molar excess 
of a 53-bp sequence that transfers regulation by 
forskolin to tk (32). Similar resuits were obtained 
in three additional experiments in which the 
probe was labeled at the Xho I site. The same 
experiments were pedormed with the MoMLV- 
P75 fragment. Similar resuits were obtained when 
nuclear extra- were repared in the presence of 
the phosphatase inhigimr sodium bisul6te (50 
mM). 
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Fig. 6. Analysis of the rPRL regulatory region by a gel retardation 
assay. An oligomer containing 50 bp of rPRL sequence -79 to 
-30 was used for the gel retardation analysis (34). (A) Concentra- 
tion dependence of protein biidmg. Lane 1, probe only; lanes 2 
to 7, extract from untreated cells; lane 2 , s  pg extract; lane 3,5 pg 
extract plus 20-fold molar excess rPRL fragment - 172 to - 10; 
lane 4, 5 pg extract plus 20-fold molar excess SV40-VPl gene 
fragment (205 bp); lane 5, 10 pg extract; lane 6,10 pg extract 
plus 40-fold molar excess rPRL fragment - 172 to - 10; lane 7, 
10 pg extract plus 40-fold SV40-VPl gene hgment; lanes 8 to 
13, extract from EGF-treated cells; lane 8,5 pg extract; lane 9,5 
pg extract plus 20-fold molar excess rPRL hgment -172 to 
- 10; lane 10,s pg extract plus 20-fold molar excess of the SV40- 
VPl gene fragment; lane 1 1 , l O  pg extract; lane 12,lO pg extract 
plus 40-fold molar excess of rPRL fragment - 172 to - 10; lane 
13, 10 pg extract lus &fold molar excess of the SV40-VP1 
genomic fhgment; L e  14, size markers, which ace fragments of a 
Hae I11 digest of 4x174 (in nudeotides). (B) DNA specificity of 
protein binding. Lane 1, probe only; lane 2,5 pg extract; lanes 2 
to 10,s pg extract plus; lanes 3 and 4,lO-fold and 50-fold molar 
excess rPRL fragment (- 172 to -lo), respectively; lanes 5 and 6, 
10-fold and 100-fold molar excess MoMLV hgment (75-bp 
repeat), respectively; lanes 7 and 8, 10-fold and 50-fold molar 
excess of SV40-VPl fkagment (205 bp), respectively; lanes 9 and 
10, a 10-fold and 50-fold molar excess of the tk promoter region 
(-200 to +70), respectively. The autoradiographs represent 12- 
hour exposum. Similar results were obtained in three additional 
experiments. 

- - 3 4  

--- -30 
between the rPRL .. and c-fiwH regulatory 

Fig. 7. EGF or TPA transcriptional regulation of 
the rPRL and the MoMLV genes. (A) Shows the 
&-active regulatory sequence of the rPRL gene 
and the MoMLV LTR, shaded regions represent 
the regions of tram-acting factor binding as as- 
sessed by footprint analyses. A region of dyad 
symmetry within the rPRL regulatory region is 
indicated by the arrows. Borders of the shaded 
regions were determined from averages of several 
Exo IIl protection assays using both sensc and 
antisense strands. The border at -74 is suggested 
by a stop in the sense strand, labeled at the 5' 
(Xho I) end, not shown in Fig. 5. (B) Potential 
molecular mechanisms of EGF-TPA regulation of 
gene expression. The regulatory sequences of 
rPRL gene and the MoMLV LTR appear to bind 
different proteins, referred to as A and B, respec- 
tivelv. even in the unstimulated cell. The ultimate 
allos&c activation of these discrete proteins (1) by a single mediator (M) or (2) as a consequence of the 
generation of distina second messengers at the level of the plasma membrane are discussed in the text. 

unclear, as the rPRL sequence is homolo- 
gous to only the 5' half of the dyad neces- 
sary for full activity of the c-fiwH regulatory 
region (10). 

Because polypeptide regulators such as 
EGF interact with plasma membrane recep 
tors that are proximal with respect to their 
nuclear actions, more than one strategy for 
control of gene transcription might be uti- 
lized. Thus, rapid activation of specific pro- 
tein kinases by EGF or phorbol esters may 

lead to changes in intracellular pH and ion 
fluxes, internalization of receptors, and pro- 
duction of metabolites, all of which repre- 
sent potential mechanisms for regulation of 
gene transuiption (1-4). The existence of 
classes of regulated genes would be consis- 
tent with the ability of certain agents, in- 
cluding calcium ionophores and potassium 
ions, to mimic the effect of EGF on the c- 
$IF and c-myc genes (7), but not on the 
rPRL gene (13). In view of the similarity 

regions, such differences may indicate a 
complex level of control of gene expression 
that may depend on cell type, for example. 

Our data suggest the possibility that at 
least some of the genes that are induced by a 
single agent such as EGF, TPA, or another 
growth factor (8) require different DNA- 
binding proteins for transcriptional activa- 
tion. This is schematically represented in 
Fig. 7B, which postulates at least two classes 
of TPA and EGF regulatory regions, repre- 
sented by the rPRL and MoMLV se- 
quences, each binding a discrete protein or 
set of proteins. The range of transuiptional 
responses could reflect activation of a single 
pathway (Fig. 7B, lane l), in which one 
mediator (M) activates transcription by in- 
teracting with different classes of DNA- 
binding proteins. EGF and TPA could acti- 
vate this mediator by mechanisms depen- 
dent on or independent of protein kin& C. 
Regulation of the m-ac t ing  factors could 
occur by the m&cation of these factors or 
bv the activation of additional factors that 
kteract with them. Alternatively, because 
several second messenger systems are rapidly 
activated by the specific binding of EGF at 
the plasma membrane, each could indepen- 
dently regulate different types of crj-active 
regulatory sequences. In this case, EGF and 
TPA would both utilize one biochemical 
pathway for transcriptional regulation of the 
rPRL, and a second, distinct pathway in the 
case of the MoMLV gene (Fig. 7B, lane 2). 
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The location of polypeptide hormone recep- 
tors in the plasma membrane appears, there- 
fore, to permit a diversity of mechanisms for 
regulating the ultimate nuclear effects on 
transcri~tion. 
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