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ABSTRACT
We show here in mouse embryonal carcinoma (EC) cells that

the endo A gene is negatively regulated and shares negative
transacting factors with the Py and SV40 viruses. The products
of the proto-oncogene c-myc dere ress at the transcriptional
level the appropriately initiated expression of the endo A gene
and activate the Py early promoter in EC stem cells. C-myc pro-
ducts also activate the endo A and the Py early promoters in
TDM epithelial cells, and the Py early promoter in 3T6 cells in
which the two genes are already expressed or can be expressed.
Furthermore we show that the myc exon 1 is essential for acti-
vation and that this activation might be mediated by AP1 family
factors.

INTRODUCTION
Little is known about gene regulation during early murine

embryogenesis and the molecular approach to the study of this
regulation presents many difficulties. Mouse embryonal carci-
noma (EC) cell lines derived from teratocarcinoma stem cells
provide an attractive in vitro system for studying the regula-
tion of gene expression because these cells have many features

in common with the cells of preimplantation embryos (1, 2).
Several cellular and viral genes are silent in EC stem cells,
but are expressed upon differentiation (for review see 3, 4).

We recently showed that the Py T antigen is negatively
regulated in PCC4 cells by one or several labile repressor
molecules which might be partly responsible for the absence of

Py DNA expression in EC cells (5). We also showed, using cyclo-
heximide, that one or several labile inhibitors block endo A

gene expression in undifferentiated PCC4 cells (6). In the pre-
sent study, we show that in the same cells, this gene is nega-
tively regulated and has negative trans-acting factors in com-

mon with Polyoma and SV40 viruses.
Given that nuclear oncogene products like c-myc may influ-

ence gene regulation (7, 8, 9), we tested the effect of these

products on endo A gene and Py antigen expression. We found
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that human c-myc gene products derepressed these two genes in
undifferentiated EC cells, superactivated both of them in TDM
and 3T6 cells. We also show that the myc exon 1 is necessary
for activation and that this activation might be mediated by
AP1 family factors.
EXPERIMENTAL PROCEDURES
Cells and transfection

PCC4, F9, F9MTmyc, TDM, and 3T6 cells were grown in Dul-
becco's modified Eagle's medium supplemented with 10 % fetal
calf serum. EC cells were replated in a 1 to 10 dilution every
two days for maintenance and used for 10 passages at most. F9
and F9MTmyc cells were cultured on gelatinized plastic culture
dishes. 60 mm dishes containing 30-40% confluent cells fed with
fresh medium 2-4hr earlier, were used for transfection using
the calcium phosphate coprecipitation technique (10). The
amount of transfected DNA was kept constant by adding pUC18
plasmid DNA. As internal control, one pg of the Pactogal cons-

truct (pHOALacZ) was cotransfected with the other plasmids in
the same transfection in each sample. The cells were exposed to

the precipitate 16-18 hr and harvested 7-24 hr later for the
CAT assay. Preparation of cell extracts, CAT assays and thin-
layer chromatography were performed according to Gorman et al.
(10). After chromatography, the acetylated and non acetylated
forms of chloramphenicol were cut out and counted. CAT activity
was calculated as the percentage of chloramphenicol converted
to acetylated forms. Each transfection was reproduced at least
three times with different plasmid preparations.
Plasmids

pCmyc (11) contains the entire human genomic c-myc gene, a
12 kb EcoRl fragment composed of three exons and all the regu-
latory region (-6700 bp). Thus, this plasmid contains the
coding information for all the c-myc products especially the
p67 and p64 proteins. pCmyc A was constructed by inserting the
myc DNA fragment Hind III-XbaI (3510 bp) in Puc 18 at the same
sites. This fragment contains a part of the regulatory region,
the first exon and a part of the first intron. pSB1 is a pML2
derived plasmid containing the CAT gene (kindly provided by P.
Herbomel).

pPyCAT (kindly provided by P. Herbomel) contains the Poly-
oma early promoter fused to the CAT gene. pendo CAT contains
the endo A promoter fused to the CAT gene. pendo Aa contains
the entire genomic endo A gene (-2000, +1300) cloned in PBR
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(12). pendo A (-900, +1300) contains 900 bp of the regulatory
region and the entire coding sequence of endo A gene (a gift of

P. Duprey). pPy contains the viral Polyoma DNA cloned in PBR.
TKCAT is the pBLCAT2 plasmid described by Luckow and Schuitz
(13) containing the Herpes TK promoter (-109 +55) fused to the
CAT gene. PK3 contains three AP1 binding sites (TGAGTCA) fused
to the TK promoter (-109 +55) and CAT gene (kindly provided by
J. Piette and M. Yaniv). pJun (kindly provided by B. Wasylyk
(14)) contains v-jun gene under the control of SV40 early pro-
moter. pJI (14) contains v-jun sequences in the inverse orien-
tation. The pHOALacZ plasmid contains the Dactin promoter fused
to the LacZ gene and was kindly provided by Andreas Puischel
(Max-Planck Institut, Gottingen). All plasmid DNA was purified
by ethidium bromide -CsCl gradient centrifugation performed
twice.
RNA preparation

Total cytoplasmic RNA was prepared from cultured cell
lines, as described by Maniatis et al. (15).
Si nuclease analYsis

Si protection assays were performed as described in Duprey
et al. (16). All the single strand probes were already descri-
bed in Cremisi and Duprey (6) and Onclercq et al. (submitted,
1988).
Nuclear run off

Nuclear run off experiments were performed as described in
Cremisi and Duprey (6). The following DNA were applied to ni-
trocellulose paper under vacuum using a Schleicher and Schull
apparatus: 1 pg of SV40 viral DNA, 4 pg of a 2500 bp EcoRI

fragment containing the endo A first exon, 4 pg of a 850 bp
PvuII fragment containing the human c-myc first exon and 2 pg
of a 1120 bp PstI fragment derived from a mouse A actin cDNA (a
gift from M. Buckingham).

RESULTS
Neqative regulatorY trans-actina factors common to the endo A

aene, and Py and SV40 viruses in PCC4 cells
We have previously proposed that the endo A gene and Py

virus, which are not expressed in EC cells (17, 18), share

negative regulatory trans-acting factors in PCC4 cells (6). To

test this hypothesis, we infected EC cells with Py and also

SV40 virus, extracted cytoplasmic mRNA 48 hours later and de-

termined the level of endo A transcripts using an Si protection
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A

Fiaure 1: Panel A: Activation of endo A gene expression in
PCC4 cells after Py and SV40 infection. Pcc4 cells were mock
infected (c) or infected at a multiplicity of 50 to 100 PFU per
cell by Polyoma (Py) and SV40 viruses. Cytoplasmic RNA was
prepared 48 h after infection and analyzed by Si nuclease
mapping with endo A and 32 microglobulin probes. 50 pg of
cytoplasmic RNA were run in each lane. M-markers; 3P-labeled
HpaIl-digested pBR322 DNA was used as a size marker. Panel B:
Activation of the earl PY promoter in EC cells when cotrans-
fected with pEndo A DNA. Y9 cells were transfected with 10 pg
of the pPy-cAT recombinant plasmid and 20 pg of Puc 18 or 20
pg of pEndo A plasmid. As internal control, 1 pg of pH6ALacZ
was cotransfected with the other plasmids in all the samples.

assay. As shown in Fig.1 (panel A), the amount of appropriately
initiated endo A transcripts was significantly greater after Py
and SV40 infection. Thus, the viral DNA presumably captured ne-
gative regulatory trans-acting factors permitting induction of
endo A gene expression. We used northern blots to verify that
the size of the endo A transcripts was appropriate (data not
shown). The use of a 02 microglobulin probe as a control showed
that the amount of mRNA was the same in each sample, and that
viral infection had a specific effect on endo A gene expres-
sion (Fig.1).

With regard to viral infection of these cells, it is im-
portant to remember that neither Py nor SV40 virus is expressed
after such infection (for review see 19). We found that only
about 0.01 % of SC cells expressed T antigen after Py and SV40
infection (5). Consequently, the observed activation of endo A
gene expression is probably due to an interaction between nega-
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tive trans-acting factors and the regulatory regions of Py and
SV40 viruses, and not to a trans-acting effect exerted by Py or

SV40 T antigen. Nevertheless, in order to rule out this possi-
bility completely we performed transient cotransfection experi-
ments. For this purpose, we used a plasmid pPyCAT (a gift of P.

Herbomel), in which the regulatory region of the early Py pro-
moter was fused with the reporter gene chloramphenicol acetyl-
transferase (CAT), and compared the level of CAT activity under
different conditions. When this plasmid pPyCAT was transfected
with Puc18 DNA into undifferentiated EC cells, its expression
was very slight, but when cotransfected with twice amount of
pEndo A DNA (a gift of P. Duprey) its expression was activated
(Fig. 1, panel B). Pendo A plasmid contains 900 bp of the 5'
regulatory region and the entire coding sequence of endo A gene
(1300 bp). pHOALacZ plasmid was included as internal control in
these experiments. These two sets of results for infection and
transfection prove that in EC cells, the cellular endo A gene,
and the Py virus have common negative regulatory factors acting
on their regulatory regions. Although we cannot formally ex-
clude, it is very unlikely that the cytokeratin endo A trans-
activates the early Py promoter.
Derepression of the PY early promoter by c-myc gene products

EC cells therefore contain negative regulatory factors
which influence the expression of cellular and viral genes (our
present results, 5, 20, 21). This raises the important question
of identifying the protein(s) or gene(s) participating in this
negative regulation. It has been shown that i) nuclear viral
and cellular oncogenes participate in the regulation of gene
expression (for review, see 8, 9), ii) adenovirus Ela gene pro-
ducts can act either positively or negatively as transcriptio-
nal regulators, and negatively on Py and SV40 enhancers (22,
23), iii) EC cells contain a Ela-like cellular activity (26),
and iv) c-myc and Ela genes have functional and structural
homologies (8, 25). For all these reasons, we tested the effect
of c-myc gene expression on the early Py promoter which was
fused with the reporter gene chloramphenicol acetyltransferase
(CAT). We performed transient cotransfection experiments and
compared the levels of CAT activity. A human genomic clone of
c-myc (11) containing the three c-myc exons and its regulatory
region was used in these experiments. Human c-myc expression
was tested by Si nuclease mapping with cytoplasmic RNA extrac-

ted (28-40 h) after transfection (data not shown). When the
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PCC4 CELLS F9 CELLS

Fgiaure 2 Trans-activation of the early Py promoter in EC
cellsYYCC4 and F9 cells were transfected with 10 pg of the
pPy-CAT recombinant plasmids and 10 pg of PUC 18 pc-myc (+M4)
or pc-myc (+M4 A). As a negative control, the cells were
transfected with 10 pg of the bacter'ial plasmidCpSB1. The
numbers under each lane represent the relative AT Activity.

plasmid pPyCAT was cotransfected with the same amount of plas-
mid pc-myc, which is able to code for all the c-myc proteins,
the expression of the early Py promoter was activated (Fig. 2).
The negative control pSB1, a pM4L2-CAT plasmid, was included in
each experiment (Fig. 2). This control shows that the basal
activity of pPyCAT exceeds the background level significantly
and is not due to a cryptic bacterial promoter. Twelve trans-
fection experiments were analyzed and a mean activation factor
of 12 was obtained for PCC4 and F9 cells.

To ascertain that this activation was due to c-myc pro-
ducts, we used a construct containing a large part of the 5'
regulatory region and the first exon with no poly A tail.
Consequently, this truncated c-myc construct (pc-mycA) was not
able to code for aniy functional c-myc products.When pc-mycAwas
used in the transient cotransfection experiments, the early Py
promoter was not activated. We also used a plasmid containing
exons 2 and 3 (pSVc-myc) (26). This construct has no effect
(see Fig. 9). In the same way, a plasmid containing all the 5'
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Figure 3 : Structure of the chimaeric MTmyc gene and of the
human c-myc Probes used for Si nuclease digestion. The hatched
box re resents the mouse metallothionein I sequences, contai-
ning the heavy metal-sensitive region. The boxes (1, 2, 3)
indicate the Exons of human (H) c-myc gene. MT, P1 and P2
designate the promoters of these genes. The SmaI-PvuII fragment
of the human c-myc gene was used as a human-specific probe and
gave rise to three protected fragments indicated bY arrows. B:
BamHI; E: EcoRI; K: KpnI: Pt: PstI; Pu: PvuII; S: SiaI; X:
XhoI.

myc sequences (RI to BglII) fused to the third exon (BglII to
RI) has also no effect (data not shown). Hence the activation
of the early Py promoter by the c-myc gene can not be attribu-
ted to the regulatory c-myc region. Thus, exogenous c-myc pro-
ducts activate the early Py promoter by a direct or indirect
effect on the regulatory region of this gene. We did not find a
negative effect of exogenous c-myc on Py early promoter.
Induction of transcriptional activation of the cellular endo A
gene by c-myc gene products.

To test the effect of c-myc gene products on endo A gene
expression, we used the F9MTmyc cellular clone which was deri-
ved from F9 cells and was transformed by a plasmid containing
the human c-myc proto-oncogene controlled by the inducible
mouse metallothionein I promoter (Onclercq et al., 1988, sub-
mitted, see figure 3 for the map of the MTmyc plasmid). Like F9
parental cells, F9MTmyc cells are undifferentiated and are

comparable in all other respects. F9MTmyc cells do not consti-
tutively synthesize detectable amounts of human c-myc
transcripts (Onclercq et al., 1988, and Fig. 5 lane 3 Hc-myc).
When treated with cadmium (cd) for eight hours, we observed
using Si analysis, significant induction of human c-myc trans-

cripts, initiated on the P1, P2, and on the metallothionein
promoters (Fig. 5 and Fig. 3 for the probes). Northerrn analysis
using an human exon 3 c-myc probe cross hybridizing with the
murine gene showed that the amount of human c-myc transcripts
was three fold greater than that of the endogenous myc gene
after 10 pM of cd, and even greater (six fold) after 20 pM
(Fig. 4). The same RNA samples were used to determine the
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Figure 4 : C-myc expression after cadmium treatment in F9MTmyc
ceTIWs.F9 (12 3) and F9MTmyc cells (4, 5, 6) were treated
with 10 p14 (i, t) or 20 pM (3, 6) cd for 8 hr after which
cytoplasmic RNA was prepared and analyzed by northern blot
using a human exon 3 c-myc probe cross hybridizing with the
murine gene and a mouse pactin probe (actin). 25.pg of cytopla-
smic RNA were loaded in each lane. Pl, P2 indicates RNA
initiated at these promoters and MT at the metallothionein
promoter.
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Fiaure 5 : Endo A gene derepression by the c-myc gene products.
F9 (TI) and F9MTmyc cells (3, 4) were treated with 10 pM cd
(2, 45 for 8 hr after which cytoplasmic RNA was prepared and
analyzed by Si nuclease mapping using a human exon 1 c-m¶c (H
c-myc) endo A, mouse exon 1 c-myc (M c-myc), H2Kb and 0microgiobulin probes. The protected fragments are indicated by
arrows: H-c-myc 613 513 and 350 bp - endo A 153 and 130 bp -
Mc-myc 497 and 357 6p - H2Kb 270 bp - 02m 200 bp. 35 pg of
cytoplasmic RNA were loaded in each lane. M-markers.
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Figure 6 : Transcriptional activation of the endo A gene by c-
myc gene products.Left Panel (A). Run off transcriptional
analysis of the endo A (E), human c-myc (M) and Pactin (A)
genes in F9MT cells before (-) and after (+) treatment with 20
uM cd for 8 hr. (C)-SV40 DNA was used as a negative control.
Right Panel (B). Si nuclease analysis, using an endo A probe,
on RNA extracted from F9 and F9MT myc cells before (-) and
after (+) cd treatment. The protected fragments (153 and 130
bp) are indicated by arrows.

amount of endo A transcripts in F9MTmyc cells. As shown in Fig.
5, c-myc gene expression caused significant induction -about 3
to 6- of appropriately initiated endo A transcripts. Northern
analysis indicated that the size of these transcripts was
appropriate (data not shown). Figure 5 also shows that in F9
parental cells, cd in itself had no effect on the amount of
endo A transcripts (lanes 1 and 2).

To establish whether or not activation of the endo A gene
by c-myc products was specific to this gene, we tested the
effect of these products on the expression of other cellular
genes, again by Si analysis. We observed that overexpression of
the exogenous human c-myc gene did not affect the amount of
endogenous murine c-myc transcripts, as we and others have
shown previously (Onclercq et al., 1988, submitted; 27). The

expression of two other genes -H2Kb and 02 microglobulin- which
are silent in EC cells but coexpressed upon differentiation,
also was not affected by the overexpression of c-myc (Fig. 5).
We did not detect any effect on the expression of the p53 gene
or the constitutive and inducible heat shock genes p68 and p70
(data not shown).

To establish whether endo A expression was induced by
transcriptional activation, we performed nuclear run-off trans-

cription analysis on nuclei from F9MTmyc cells before and after
cd treatment (Fig. 6). In untreated F9MTmyc cells, as in other
EC cells (6), the level of endo A transcription was very low

(Fig. 6, panel A(E(-)). After cd treatment, we observed a si-
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TABLE 1: TRANS-ACTIVATION OF ENDO-A PROMOTER BY C-MC IN TM CELLS

PENDOCAT PENDOCAT ACTIVATION FACTOR

CELLS C-MYC

TDM 1 10 100 10 ±1

2 7.5 100 13.5 ± 2.8

Table 1 : Trans-activation of the endo A promoter by c-myc in
TDM celMs.TDM cells were transfected with 10 pg of the pendoCAT
recombinant plasmid and 10 pg of PUC 18 or pc-myc. The results
of two independent experiments are shown. The numbers represent
relative CAT activity.

gnificant induction of endo A gene transcription (three fold)
and also, as expected, an increase in exogenous human c-myc
gene transcription (Fig. 6, M). In contrast, the transcription
of the cellular Pactin gene did not vary significantly after cd
treatment (Fig. 6, A). Inclusion of SV40 DNA as a negative
control showed that the background level of hybridization was

low (Fig. 6, C). Panel B of figure 6 illustrates the results of
an Si analysis using an endo A probe hybridized with cytoplas-
mic RNA extracted from the same F9MTmyc cell culture as in
panel A. The magnitude of endo A gene induction in run off and
S1 analysis was comparable. Panel B also shows that cd treat-
ment had no effect on endo A gene expression in F9 parental
cells.

From the results of these experiments, we conclude that
human c-myc gene products specifically induce transcriptional
activity of the cellular endo A gene.

We also tested the trans-acting effect of c-myc products
in some differentiated cells. In transfection assays, c-myc
gene products stimulated the endo A promoter in a teratocarci-
noma epithelial cell line TDM in which the cellular endo A gene
is expressed (Table 1). Similarly, c-myc gene products activa-
ted the Py early promoter in TDM cells and in mouse 3T6 fibro-
blasts,a cell line permissive for Py virus infection (Table 2).
C-myc activation might be mediated by a factor of the AP1
family

How does the c-myc gene regulate gene expression ? Would
c-myc products activate endo A and Py directly, or indirectly
as do ElA gene products ? The c-myc protein is a DNA-binding
protein but binding specificity has not yet been demonstrated
(28, 31). C-myc products may not bind to DNA directly, but

744



Nucleic Acids Research

TABLE 2 TRANS-ACTIVATION OF EARLY PY PROMOTER IN ThM AND 3T6 CELLS

PY CAT PY CAT ACTIVATION FACTOR

CELLS C-Mc

TM 1 6 100 17.5 0.3
2 3 100 25 +5

3T6 1 20 100 5 ±0.3
2 22 100 4.5+0.1

Table 2 : Trans-activation of the early Py promoter in TDM and
3T6 cells. TDM and 3T6 cells were transfected with 10 pg of the
pPyCAT recombinant plasmid and 10 pg of PUC 18 or pc-myc. In
each case, the results of two independent experiments are
shown. The numbers under each lane represent relative CAT
activity.

require the formation of a complex with other nuclear proteins.
Moreover we have shown that c-myc products activate E4 adenovi-
rus promoter by probable activation of ATF factor (32). So we
tested the involvement of a transcriptional factor in myc acti-
vation and more specially of AP1 or PEAl factor.

Indeed it has been shown that PEAl activity, the murine
equivalent of an AP1 factor, is involved in Py expression
during F9 differentiation (33) and we have found an AP1 consen-
sus binding site in the beginning of the coding sequence of the
endo A gene (+96, +102 TGAGTCA). We do not yet know if this
site is functional. Nevertheless, we tested if c-myc activation
might be mediated by the use of AP1 binding sites. We used a
plasmid termed PK3 containing three AP1 binding sites fused to
the thymidine kinase (TK) promoter and linked to the CAT gene
(kindly provided by J. Piette and M. Yaniv, manuscript in pre-
paration). One microgram of PK3 was cotransfected into F9 cells
with PUC 18, pc-myc or pc-myc A DNA. Figure 7 shows significant
activation (13 to 16) of PK3 only when it is cotransfected with
pc-myc DNA. When the TK promoter fused to the CAT gene was co-
transfected into F9 cells with pc-myc, about twofold activation
of this promoter occured, suggesting that PK3 activation for
the most part (at least by a factor 10) is due to a direct or
indirect interaction between c-myc products and AP1 sites. The
same experiments were done using 3T6 (see Fig. 9) and Hela
cells (data not shown). In these experiments, we included the
plasmid DNA pHOALacZ as an internal control. We observed a very
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v A ..

iare 7 Trans-activation of the PK3 plasmid by cr-myc
rod-u-tI7. Left Panel. F9 cells were transfected with 1 pg of

PK3 recombinant lplasmid and 10 pg of PUC 18 10 or 20 pg of pc-
myc (+M410 +M420) or io pgrof pc-mYcA (+MA IO). Ri?ht Panel. As
a control: F9 cells were tans ected with 1 pg of ?he TK-CAT
recombinant plasmid and 10 gof PUC 18 or pc-myc (+Ml10). As
internal control, 1 pgofpHALOacZ was cotransfected with the
other plasmids in all tohe Psamples. The numbers under each lane
represent relative CAT activity.

reproducible if small activation of the Dactin promoter, by a

factor of 3 (data not shown). Taking into account the constant
activation of the Dactin promoter, this control allowed us to
estimate the transfection efficiency in all the samples.

These results are compatible with either a direct or an

indirect myc effect. In order to distinguish between the two

possibilities, we used a v-jun expression vector (kindly pro-
vided by B. Wasylyck, 14) in the cotransfection assay in addi-
tion to pc-myc. It has been shown that viral jun and the human
Proto-oncogene c-jun encode DNA binding proteins with the same

functional properties of as the transcription factor AP-1 (34).
As control, we used v-jun sequences in the inverse orientation
(pJI (14)) to verifie that the activation was not due to the
titration of negative factors.
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F9 CELLS

+ M + M

_PJ +PJ +M +pJi +pJ1

PK3 1 21 74 8 3 12

Fiure 8: Additive effect of jun and c-myc products in the
trans-activation of PK3 plasmid. F9 cells were transfected with
2 pg of PK3 recombinant plasmid and 4 pg of pJun (+pJ) or 4 pg
of pJun inverse (+pJI), and 10 pg of pc-myc 1+M). The amount of
DNA was kept constant in each sample by a ding PUC 18 DNA and 1
pg of H ALacZ was added in all the samples as internal
control. The numbers under each lane represent relative CAT
activity.

If c-myc acts indirectly on DNA, through AP1 factor, one
should observe an additive effect. Figure 8 shows that the
effects of v-jun and c-myc on PK3 activation are additive,
demonstrating that c-myc acts indirectly through AP1 factor
possibly by activating it. We did not observe an increase of
AP1 mRNA by c-myc (data not shown).
Is a c-myc plasmid without the first exon able to trans-
activate?

To test if the c-myc exon 1 was necessary for activation,
we used pSVc-myc containing only the exons 2 and 3 of a mouse

myc gene under the control of the simian virus 40 early promo-
ter (26). It has been shown that this myc construct has onco-
genic properties (26). pSVc-myc is able to code only for the
p64 myc protein, since the p67 myc protein is initiated at the
end of the first exon by a non conventional codon (35). We
compared in the transfections assays, the trans-activation
effect of pc-myc and pSVc-myc on PK3 and PyCAT in 3T6 and F9
cells. In all cases, only pc-myc in contrast to pSVc-myc was
able to transactivate significantly PK3 and PyCAT (see Fig. 9).
The failure of pSVc-myc to activate is not artefactual since
this construct, which was previously used in several other
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Fioure9 : c-myc exon 1 is necessary for trans-activation.
First panel: 3T6 cells were transfected with 2 pg of PK3
recombinant plasmid and 10 yg of PUC 18, c-rnyc +M), or
pSVc-myc (+Svmyc). As negative control, 4e cells were trans-
fected 10 pg o the cterial plasmid pSB1. Second and third
panel: 3T6 and F9 cells were transfected with 5 pg of pPyCAT
and 10 pg of PUC 18, pc-myc (+M), or pSVc-myc (+SVmyc). as
internal control, 1 pg of pHaALacZ was cotransfected with the
other plasmids in all the samples. The numbers under each lane
represent relative CAT activity.

studies (26, 36, 37) was shown to be functional. However we

compare by CAT assays in our experimental systems F9 and 3T6
cells, the c-myc and SV40 promoters. We used a construct H-cmyc
CAT which contains the regulatory region of the human c-myc
gene, HindIII-PVUII (-2329 +518) linked to the CAT gene and the
plasmid pSV2CAT which contains the SV40 promoter linked to the
CAT gene. We found in both cells types F9 and 3T6 that SV40
promoter is not less expressed than c-myc promoter (data not
shown). Consequently the failure of pSVc-myc to activate can
not be explained by a smaller amount of c-myc products produced
by this construct. These results show that the c-myc exon 1 is
essential for activation.

DISCUSSION
Derepression by c-myc products

We have previously shown that the Py virus, which cannot
be expressed in EC stem cells, is negatively regulated by
labile trans-acting factor(s) in these cells, and we suggested
that both negative and positive regulators control early Py
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gene activity in these cells (5). We then showed that a labile
inhibitor blocks endo A gene transcription in EC cells and pro-
posed the same model, involving negative and positive regula-
tors, for endo A gene expression before and after EC cell dif-
ferentiation (6). Here, we demonstrate that the endo A gene is
negatively regulated in these cells, and that this gene shares
negative trans-acting regulatory factor(s) with Py and SV40
viruses.

We also show that the products of the c-myc proto-oncogene
derepress the endo A gene and the Py early promoter. This onco-

gene induces at the transcriptional level appropriately initia-
ted endo A gene expression. To the best of our knowledge, this
is the first example of derepression of a cellular gene by the
products of the c-myc proto-oncogene. We underline that during
mouse embryonic development, endo A and Py T antigen start to
be expressed at the same time in the first differentiated
cells, i.e. the trophectoderm layer of the blastocyst (16, 19).

We also show that c-myc gene products are able to activate
the endo A and Py early promoters in TDM and 3T6 cells respec-
tively i.e. cells in which these genes are already expressed.
We also found an overexpression of the endo A gene in epithe-
lial cell cultures derived from human breast tumors (Cr6misi
and Brison, unpublished results), in which the c-myc gene is
amplified and over expressed (38).
How does the c-myc gene reaulate gene expression ?

We showed that AP1 binding sites and AP1 proteins (Vjun
proteins) are involved in c-myc activation. This is shown by
cotransfection experiments involving the PK3 plasmid (contai-
ning three AP1 binding sites fused to the TK promoter) and c-
myc DNA (Fig. 7). The use of a v-jun expression vector simulta-
neously with pc-myc in co-transfection experiments in the pre-
sence of the reporter gene PK3 shows that the effects of v-jun
and pc-myc are additive in PK3 transactivation. Thus, c-myc
products act indirectly probably by activating AP1 family
factors (Fig. 8). C-myc might act like the c-fos protein and
require the formation of a complex with other nuclear proteins,
in particular transcriptional factors (39, 40, for review see

41).
It is noteworthy that TPA activates the c-myc gene and the

AP1 factor (42, 43, 44). Thus, the involvement of factors of
the AP1 family in c-myc mediated activation is not surprising
since AP1 is influenced by cellular signals implicated in
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growth control and neoplasia (42, 43). It is also important to

recall that AP1 is homologous to the proto-oncogene c-jun (34),
and that v-jun induces fibrosarcomata in chickens (45, 46).

Interestingly, it has been shown that the Py enhancer is also

activated in EC cells by the Ras oncogene (47). This activation

is mediated by APi family factors (48).
It was already shown that AP1 family factors are involved

in Py expression (33, 49) and we found an APi consensus binding
site in the beginning of the coding sequence of the endo A gene

(+96 +106), but we do not know yet if this site is functional.

However we carried out competition experiment between PK3 in

one hand and endo A and Py DNA in the other and we found in

this case an activation of PR3 (unpublished observations).

These results strongly suggest that AP1 family factors are

involved in endo A expression and even also as a negative regu-

lator.
How to explain that exogenous c-myc products trans-

activate endo A gene and Py T antigen,whereas endogenous c-myc

gene is already expressed. This activation could be due to a

global increase of c-myc products and/or the additionnal amount

of p67 myc protein synthetized by exogeneous c-myc (MTmyc or

pC-myc) might produce a subtle difference in the ratio of p64
proteins producing a shift in myc activity in favour of activa-
tion. This latter possibility is more probable since we found
that only a c-myc plasmid coding for the two p67 and p64 pro-

teins was able to trans-activate, whereas a plasmid coding only
for the p64 protein was not. These results might suggest that
the two myc proteins have different functions and that the p67
protein contains a specific domain having strong activating
properties absent or truncated in the p64 protein. Furthermore,
it was already suggested that the two myc proteins p67 and p64
might have different functions, since the amount of p64 protein
is much higher in tumor cells and in Burkitt's lymphoma cells

(35, 50).
It might appear paradoxal that in undifferentiated EC

cells, exogenous c-myc expression derepresses precisely the two

genes (endo A and Py T antigen) which are negatively regulated
by common factors, whereas there is an apparent antagonism

between the expression of the endogeneous c-myc gene and that

of endo A and the PyT antigen, since these genes are expressed

during F9 differentiation, when c-myc is no more expressed. We

had proposed a model (51) in which we speculate that the endo-
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genous c-myc participates in the repression of the endo A gene
and the Py virus by inhibiting the activity of APl factor. A
subtle difference in the ratio ofp 64 myc proteins would pro-

67
duce a shift in my activity. This hypothesis could explain the
results obtained in the competition experience between PK3 and
Py and endo A.

It was already shown, that the c-myc gene might act either
positively or negatively on cellular and viral genes (36, 52).
The trans-acting effect of the pSVc-myc construct on other
promoters has already been studied in differentiated 3T3 fibro-
blasts (36). It has been shown that the pSVc-myc construct sti-
mulates the human heat shock protein 70 promoter, inhibits the
mouse metallothionein I promoter, and has very little effect on
SV40 and E2A adenovirus promoters in 3T3 cells (36). In this
study, the myc gene was a murine gene containing only the
second and third exons (26), and as already mentioned, this
construct is only able to code for the p64 myc protein (35). It
has recently been shown that pSVc-myc is unable to activate the
PEAl factor (54). In this sense, this study is in agreement
with our work which shows that only the proto-oncogene contai-
ning the three exons, is able to trans-activate a vector
containing APi binding sites.

In summary, we have shown that exogenous c-myc products
act as positive transcriptional regulators by acting on the
cellular endo A gene and on viral Py DNA and that this activa-
tion might be mediated by APi family factors. We have also pre-
viously shown that the c-myc gene can activate the E4 and E2A
promoters (adenovirus ElA inducible promoters) in EC stem cells
using the same target sequence as that used by ElA i.e., the
binding site of the transcriptional ATF factor (32). Thus the
interaction of the c-myc proto-oncogene with transcriptional
factors leading to positive regulation might be a general
mechanism.
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