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The effects of a phorbol ester (TPA) and of members of
the Jun and Fos oncoprotein family on the activity of
the rat e-fetoprotein (AFP) promoter were checked by
using transient expression experiments in HepG2 hepa­
toma cells. TPA blocked the activity of the rat AFP pro­
moter in a dose-dependent manner. Overexpression of
c-Jun specifically repressed the rat AFP promoter but
not the albumin promoter. JunB and JunD were poorer
inhibitors. c-Fos expression did not potentiate the neg­
ative effect of Jun. The Jun-induced repression does not
require binding of c-Jun to the AFP promoter. DNase 1
footprinting experiments did not display any high affin­
ity binding site for Jun on the AFP promoter. Integrity
of the c-Jun DNA binding domain is not required for the
c-Jun protein to block the AFP promoter. The N-termi­
nal part of Jun. which contains the activating domain. is
responsible for the repression as shown by using Jun­
Gal4 chimera. Jun likely exerts its negative control on
the AFP promoter via protein-protein interactions with
a not yet identified trans-activating factor within the
-184 to +6 region or with a component of the general
machinery of transcription. Jun proteins can thus be
key intermediates in regulatory cascades which result
in the differential modulation of the AFP and albumin
gene expression in the course of liver development and
carcinogenesis.

The o-fetoprotein gene (AFP),1 which belongs to the same
family as the albumin gene, is expressed in a very tightly
controlled manner in the course of mammalian development. It
is specifically expressed at a high rate in the yolk sac, the fetal
liver, and to a lesser extent in the fetal gut. o-Fetoprotein,
whose function is still not fully understood, is the most abun­
dant plasma protein during the fetal period. Transcription of
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the AFP gene drops abruptly around birth and is virtually
totally blocked during normal adult life. Expression of the AFP
gene can, however, be resumed under certain pathophysiolog­
ical conditions, such as liver regeneration after partial hepatec­
tomy or chemical injury and in hepatocarcinogenesis (see Ref. 1
for review). The AFP gene, whose expression is controlled by
multiple signal transduction pathways, is a powerful model
with which to examine the molecular mechanisms that dictate
the liver specificity of gene expression and which modulate its
activity during development and cancerogenesis.

The AFP gene is mainly regulated at the transcriptional
level. It is now clear that the promoter region confers the liver
specificity of expression and that upstream positive and nega­
tive regulatory elements, which are strongly liver-specific, can
also control the transcription rate of the AFP gene (see Refs.
2-4 for reviews). Several of the liver-enriched transcription
factors which may participate in the functioning of the AFP
promoter and enhancers in the liver cell have been character­
ized (5-12).

Transfection experiments showed that the activities of the
rat AFP promoter and enhancer at -2.5 kb can be down regu­
lated by dexamethasone (13-15). We also know that 12-0­
tetradecanoylphorbol-13-acetate (TPA) and epidermal growth
factor and an oncogenic, mutated form of ras often found in
primary hepatocarcinomas, can reduce the activities of regula­
tory elements present in the 5' end extragenic region of the
human AFP gene (16, 17). Transgenic studies indicate that the
activities of the mouse AFP regulatory elements can be stimu­
lated during liver regeneration (18), when expression of AFP
(19) and of several proto-oncogenes is greatly enhanced (see
Ref. 20 for review). The mechanisms underlying these modu­
lations of the AFP regulatory elements are still largely un­
known. However, it is quite possible that proto-oncogenes of the
Jun family playa key role in some steps of these cascade
mechanisms.

The proteins of the Jun family are transcription factors in­
volved in several basic cellular activities which govern differ­
entiation and proliferation and in several signal transduction
pathways (see Refs. 21-24 for reviews). These proteins all
belong to the class of the basic leucine zipper proteins that bind
DNA as dimers. These dimers may be homodimers, but are
generally heterodimers formed between two members of the
Jun family or mainly in association with members of the Fos
family that have a stronger affinity for DNA.

Formation of Jun-Fos (API) complexes is the last step in a
cascade of events which allows transmission of several types of
signals from the membrane to the DNA transcriptional regu­
latory elements of target genes. For instance, API complex
mediates specific transcriptional effects following the activa­
tion of membrane receptors (Ras) and that of protein kinases
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(protein kinase C) in response to growth factors or chemicals
such as phorbol esters (TPA). Several activation steps which
involve phosphatases and kinases lead to functional Jun-Fos
complexes that act upon binding to DNA sequences whose
consensus is TGAC/GTCA (see Refs. 21-24 for reviews).

Jun proteins can also participate in the cross-talk between
independent regulatory pathways. For instance, Jun-Fos com­
plexes have been shown to interfere with the cAMP signal
transduction pathway because the binding sites for members of
the CREB family (consensus TGACGTCA) are very similar to
those for the API complex. Jun may also be involved in the
negative regulation induced by glucocorticoids. More generally,
regulatory interactions of Jun with several steroid-thyroid hor­
mone receptors can occur through mechanisms which are still
debated (see Refs. 25-27 for reviews). Jun may also interact
directly with some tissue-specific transcription factors of the
MyoD (28, 29) and CIEBP families (30).

Very recently, c-Jun was found to participate in the modu­
lation of certain liver-specific regulatory elements, such as the
phosphoenolpyruvate carboxykinase promoter (31), the albu­
min far-upstream enhancer (32), and the hepatocyte nuclear
factor 1 (HNFl) promoter (33). It may also participate in the
general mechanisms which allow correct development of the
liver (34) or modulation of liver gene expression during liver
regeneration (35).

The present study was undertaken to determine whether
Jun participates directly or indirectly in the modulation of
some of the rat AFP regulatory elements in the context of an
hepatoma cell line which expresses the AFP gene. Transient
transfection experiments were performed to monitor the effects
ofTPAandoverexpressedJun on the activity of vectors bearing
the chloramphenicol acetyltransferase (CAT) gene under the
control of the rat AFP promoter region and of its 7 kb of 5'
end-flanking sequences.

The results show that TPA has a strong negative effect on
the AFP promoter in the context of the HepG2 hepatoma cells.
c-Jun plays a major role in this highly promoter-specific inhi­
bition. Interestingly, c-Jun appears to act indirectly via a mecha­
nism which does not require its binding to a precise DNA
region of the AFP promoter and which involves the N-terminal
part of the c-Jun protein.

MATERIALS AND METHODS
Plasmids

CAT Plasmids-Plasmids pBL-CAT2 and -3 (36) were used as start­
ing material to construct plasmids bearing the CAT gene under the
control of rat AFP or albumin gene promoters. The SacI/XbaI 1-kb
fragment (named UMS) from the upstream region of the mouse c-mos
gene was cloned just in front of the polylinker region of these plasmids
(plasmids pBL-UMS-CAT2 and -3) to prevent the contribution of any
spurious initiation of transcription in the plasmid (37). Conventional
cloning procedures were used to insert the -197 to +6 (BbvI-HpaII)
fragment or the -324 to -15 (HindIII-HaeIl) fragment of the rat AFP
promoter (38) into the HindIII-BglII sites of pBL-UMS-CAT3, yielding
plasmids pAFP26-CAT and pAFP-CAT, respectively. The fragment
-7200 to -324 (EcoRI-HindIII) of the 5' end extragenic region of the
rat AFP gene was cloned in the polylinker in front of the AFP promoter
in plasmid pAFP-CAT to give plasmid pP0123-AFP-CAT. Plasmid pBL­
AFP36·CAT was made by cloning the blunted -324 to +6 (HindIII­
HpaII) fragment of the rat AFP promoter into the blunted BglII site of
plasmid pBL-CAT6.

Plasmid pALB-CAT was obtained by cloning the -175 to + 15 (AluI­
HincIl) region of the rat albumin promoter (39) at the HindIII-BglII
sites in plasmid pBL-UMS-CAT3.

CAT plasmids bearing the thymidine kinase (TK) promoter of the
herpes simplex virus and one copy of a functional or a mutated TPA­
responsive element (TRE) of the collagenase gene, pTRE-TK-CAT and
ptl.TRE-TK-CAT, respectively, have been described previously (40).

pAFP-LUC Series-The parent plasmid pAFP-LUC, containing the
luciferase (LUC) reporter gene under the control of the AFP promoter,
was constructed by inserting the blunted HindIII-HpaII (-324/+8)

fragment of the AFP promoter into the blunted BglII site of pGL2-basic
(Promega), The plasmids pAFP-LUC tl.234, tl.183, tl.155, tl.134, tl.115,
tl.67, and tl.49were generated by progressively deleting 5' portions of the
AFP promoter in the plasmid pAFP-LUC with exonuclease III/mung
bean nucleases.

pTK-LUC and pSV-LUC Series-To obtain plasmid pTK-LUC, the
BamHI-BglII fragment containing the TK promoter (-105/+51) was
excised from pBL-CAT5 and inserted into the BglII site of pGL2-basic.
The pFl to F4-TK-LUC series was constructed by inserting different
fragments of the AFP promoter upstream of the TK promoter in pTK­
LUC. The BbvI-MaeIII (-196/-135), MaeIII-MaeIII (-142/-79), and
BbvI-HincII (-196/-52) fragments of the AFP promoter were isolated,
blunted, and introduced into the blunted NheI site of pTK-LUC, gen­
erating the pF1, pF2, and pF4-TK-LUC plasmids, respectively. A blunt­
ended oligonucleotide encompassing the -85- to -41-bp region of the
AFP promoter was cloned into the blunted NheI site of pTK-LUC to
generate plasmid pF3-TK-LUC.

The plasmids pF1-, pF2-, pF3-, and pF4-SV-LUC were constructed in
a similar fashion, except that the plasmid pGL2-promoter (Promega)
containing the SV40 promoter in front ofthe luciferase gene was used
instead of plasmid pTK-LUC.

The control plasmids pTRE-TK-LUC and ptl.TRE-TK-LUC were gen­
erated by transferring a fragment carrying the wild type or mutated
TPA-responsive element of the collagenase gene and the TK promoter
from the pTRE-TK-CAT or ptl.TRE-TK-CAT plasmid, respectively, to
pGL2-basic. The TRE-TK or tl.TRE-TK fragment was excised with
HindIII-BglII, blunted, and inserted into the blunted BglII site of
pGL2-basic.

The resulting plasmids were checked by sequencing using the
dideoxy method.

Jun and Fos Expression Vectors-Vectors allowing the expression of
mouse c-Fos (pRSV c-Fos), mouse c-Jun (pRSV c-Jun), a mouse c-Jun
lacking its N-terminal activating domain (pRSV c-Jun tl.168) or its
leucine zipper region (pRSVc-Jun CDL), and those for JunB and JunD
(pRSV JunB, pRSV JunD) were kindly donated by M. Yaniv (41). Vector
allowing the expression of human c-Jun was a gift from B. Binetruy and
M. Karin. Vectors allowing the expression of human c-Jun proteins with
point mutation in the DNA binding domain (pRSV c-Jun-DB3 and
pRSV c-Jun-DB4, mutants 12 and 14 in Ref. 42) and that of a chimeric
protein made with the N-terminal part of c-Jun (amino acids 1-253)
fused to the DNA binding domain of Gal4 (pDB10) were gifts from D.
Bohmann (42).

Transfection and Transient Expression Experiments

Human hepatoma cells HepG2 were obtained from the American
Type Culture Collection and grown in a 1:1 mixture of Dulbecco's
modified Eagle's medium and Ham's F12 media containing 10% fetal
calf serum. Transfection experiments were performed in 6-cm plastic
tissue culture dishes containing about 106 exponentially growing cells
using the calcium phosphate method. 2 IJ-g of CAT plasmid were rou­
tinely used.

Co-transfection experiments were performed with increasing
amounts (0-5 IJ-g) of the expression vectors while keeping the total
amount of transfected DNA at 12 IJ-g by adding pUC18 DNA. The
precipitate was left in contact with the cells for 4 h. Cells were then
submitted to a 20% glycerol shock for 2 min, and the medium was
changed. When desired, TPA dissolved in 10 IJ-l of 1% Me2SO was then
added. 48 h later, cells were lysed by three successive freeze-thaw
methods in 100 IJ-l of 0.25 M Tris-HCl buffer, pH 7.8. The homogenate
was centrifuged for 10 min at 11,000 x g, and the clear supernatant was
frozen at -20 QC. Protein concentrations were determined by the
Bradford method with bovine immunoglobulin as standard (Bio-Rad).

The CAT reaction was routinely monitored on samples containing
50-100 IJ-g of protein from HepG2. CAT activity was measured either
after separation of [14CJchloramphenicol from the acetyl [14CJchloram­

phenicol by TLC or from the butyryl [14CJchloramphenicol by extraction
into tetramethyl-p-phenylenediamine/xylene (43). Both methods gave
the same results in our hands. Under our conditions, the activity of
pAFP-CAT in the HepG2 cells was usually about 8-10% of that of
plasmid pSV2-CAT, and that ofpALB-CAT was 3%. The activity of the
promoterless plasmid pBL-UMS-CAT3 was close to background and
was not significantly altered by expression of any of the transcription
factors used.

The plasmid pCH110, coding for J3-galactosidase (2 IJ-g), was used in
some control experiments to monitor the efficiency oftransfection. This
plasmid was not routinely included in the co-transfection experiments
because its activity was greatly affected by TPA and by expression of
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FI(;. 1. Negative modula t ion of the rat AFP gene promote r by
TPA in HepG 2 h epatoma cells. A, HepG2 cells were tran sfected with
2 Jlg of CAT plasm id bea ring th e ra t AFP promoter a nd 7 kb of the ra t
AFP gene 5' end ext ra genic region (pP0 123-AFP-CAT) or the rat AFP
pro moter a lone (p·AFP-CAT ), 2 Jlg of plasmids cont aining the TK pro­
moter, and a single copy of th e TPA responsive element (TRE) of the
collage nase gene (pTRE-TK-CAT) or a muta te d TRE (pD.TRE-TK-CAT)
wer e used as controls within th e sa me batch of experiments . CAT
activiti es were monitored 48 h later for HepG 2 cells trea ted with 50 ng
of TPA in 10 JlI of 1% Me2SO(+ ) or 10 Jll of 1% Me2SO alone (-). B, 2
Jlg of CAT plasrnids bea ring th e AFP promoter (pAFP-CAT) or th e
albumin pro moter (pALB-CAT) wer e transfected into HepG2 cells
trea ted with increa sing amounts of TPA in 1% Me2SO or with 1%
Me2SO alone . CAT values corres ponding to pla smid pAFP-CAT (0) or
pALB-CAT (. ) a re expressed wit h refer en ce to th ose obta ined with th e
corresponding plasm ids in the absence of TPA.
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th e pAFP-CAT plasmid plu s increasing amounts of plasmid
pRSV c-Jun , whi ch a llows expression of th e mou se c-jun proto­
oncogen e. Th e activity of pla smid pAFP-CAT was lowered in a
manner dependen t on the amount of the c-Jun expression vec­
tor (F ig. 2). It was inhibited to 12-15% of it s ba sa l va lue.
Similar results were obtaine d with a pRSV vect or allowing
expression of th e human c-Jun protein (da ta not shown).

Th e st rong negative effect of c-Jun on th e AFP promoter was
highly specific. Th e expression of c-Jun did not significantly
a lte r the CAT activity of th e pla smid bearing the a lbumin
promoter and had, as expecte d, a positive effect on the pTRE ­
TK-CAT plasmid carryin g th e TRE of th e collagenase gen e. Th e
specificity of the response of these plasmids also indicated th a t
the negative effect of c-J un on the AFP promoter-containing
vectors did not resu lt from gene ral blocking of RNA-PolII-de­
penden t transcription machinery or from unrelated API sites
pr esent in the pla sm id (46).

Th e promoter specificity and ma gnitude of the response ob­
served with c-J un were the same as th a t induced by TPA . Thi s
st rongly sugge ste d that th e effect ofTPA is mainly mediated by
c-Jun under our conditions . Th ese results clearly demonstrate
tha t c-Jun can participate in the modulation of th e AFP pro­
moter act ivity in HepG2 hepatoma cells .

RESULTS

Inhibiti on of th e AFP Prom oter in HepG2 Cells by TPA-The
action of TPA on the activit ies of AFP regul atory eleme nts in
th e promoter of the ra t AFP gene and in it s 7-kb 5' end extra­
genic region was examine d by monitoring th e CAT act ivity of
plasmids pPOI23-AFP-CAT and pAFP-CAT transiently ex­
pressed in HepG2 cell s . Th e activit ies of both plasmids were
grea tly reduced (75- 88%) wh en HepG2 cells were treated with
TPA (Fig. lA ). Th e ba sal activity of the pPOI23-AFP-CAT
plasmid wa s much more high er (about 8-fold ) than that of
pAFP-CAT, in agreeme nt with the fact it contains se veral
enhancer eleme nts acting on the AFP promoter (14). Th e effect
of TPAon the activity of severa l other CAT plasmids was also
assesse d under the same condi ti ons , as controls. Th e promot­
erl ess plasmid pBL-VMS-CAT had very little CAT activity
(near background) that was not altered by TPA. Th e act ivity of
the plasmid pTRE-TK-CAT, which contains one copy of the
TPA-responsive element (TRE) of the collagen ase gene in fron t
of the TK promoter, was sti mula te d by TPA , as expecte d. In
contrast, the activity of pLiTRE-TK-CAT, wh ich contains th e
TRE eleme nt with a 2-bp deletion that gr eat ly reduces the
binding of Jun , was not a ffecte d (Fig. lA ).

Although we could not exclude that th e region from - 7000 to
- 330 of th e rat AFP gene does not contain negative TPA
responsive eleme nts, we focused on the AFP promoter. Fig. IE
shows th at the negative effect of TPA on th e AFP promoter
activity was dose-dependen t . Thi s effect also appeared to be
specific to the AFP promoter, since the activity of pALB-CAT,
which contains th e a lbumin promoter region (- 175 to +15)
instead of the AFP promoter in the sa me pBL-VMS-CAT vec­
tor, wa s unaffect ed by TPA over the sa me range of doses .

Thus, TPA specifica lly decreases the activity of the AFP
promoter, in HepG2 cells, but not th at of the a lbumin promoter.

N egative Regulation of the AFP Promoter in HepG2 Cells by
Jun Transcription Factors-The effect of Jun on th e AFP pro ­
moter activity was checked by co-tran sfecting HepG2 cell s with

DNase 1 Footprinting Experiments

DNA probes for DNase 1 footprinting assays were end-la beled by
fillin g in cohesive ends usin g 1,,_:l2p ldATP and Klen ow polym erase.
Probes wer e purified by polyacrylamide gel elect rophores is followed by
elect roelution. A 340-bp DNA probe encompassing the AFP promoter
was isolated from a plasm id pBlu escript SK+ (St ra tagene) carrying t he
blunted HindIII-HpaII fragmen t of th e AFP promoter ( - 324/+ 8) in ­
se rted into the EcoRV site . Th e AFP promoter was labeled on eit her the
a ntise nse or the se nse st ra nd using the EcoRI or the HindIII site
situa ted in the pBlucscript polylinker . A 227-b p DNA fra gmen t con­
tai ni ng the TPA -responsive element of the collagenase promoter and
pa r t of the TK prom oter was lab eled on the sense st ra nd a t th e EcoRI
site internal to the TK promoter a nd subsequent ly isolated from the
pTRE-TK-CAT plasm id by Nari digestion .

Purified recombinant human c-J un protein was purchased from Pro­
mega. DNase 1 footprinting assays wer e perform ed as described (8),
except that the binding reacti on was done in th e buffer sugges te d by
Promega, wit h 1 Jlg of polytdl -d'Cj-polytdl -dfl ) as a nonspecific compet­
itor DNA. Th e specificity of t he protections was veri fied by compet itio n
experiments using oligonucleoti des carrying a n API consensus bind ing
site or unrelated seque nces .

some of the tra nscri ptio n factors.
HepG2 cells were tra nsfected with the lucifera se plasm ids in the

sa me way, except th at 5 Jlg of plasm ids bearing the lucifera se gene wer e
used, together with 5 Jlg of th e pRSV c-J un expression vecto r or with 5
Jlg of pUC 18 plasmid. Cells wer e lysed by adding 400 Jll of th e Report er
lysis bu ffer (Pro mega), incuba tion for 15 min at room temperature, and
scraping, Lucifera se activity was recorded for 30 s in a Berthold Lum at
LB 950 1 1uminometer for sa mples containing 20 Jlg of pro tein , using th e
protocol an d reagents given in the Lucifera se Assay System (Prornega).

All t he tran sfection experiments wer e repea ted 3-8 tim es , usu ally
in duplicate, wit h at least two different prepa ra tions of th e purified
plasm ids .
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tor . The influence of differen t c-Fos.c-Jun ratios was examined
by usin g th e c-Fos express ion vector alone or with two quan ti­
ties of th e c-J un expression vector (Fig. 4). c-Fos expression
alone has very little, if any, negati ve effect on the AFP pro­
moter act ivity . More importan tly, c-Fos never poten tiated th e
negative effect of c-J un on the AFP promoter . Fos even seemed
to coun teract c-Jun at some Fos:Jun ratios. This suggests that
c-Jun, and not a c-Jun-c-Fos complex, is mainl y responsible for
down-regul atin g the AFP promoter in HepG2 cells .

The Repression of AFP Promoter Activity Does Not Require
Binding of c-Ju n to DNA and In volves the N-terminal Part of
c-J un-We determ ined whether c-Jun can bind to the AFP
promoter by DNase 1 footprinting exper iments with purified
recombin an t human c-J un (Fig. 5). A probe containing the
TRE -TK promoter was used as a control. Pu rified c-J un did not
specifically bind to either of the two strands of th e rat AFP
promoter under the conditions where a clear footprint was
observed in th e TRE regi on of th e TRE-TK promoter (Fig. 5).

FIG. 4. Effects of c-Fos or co mbi ned c-Fos -c-Jun ex pression on
the r at AFP promoter activity in He pG 2 h epa toma cells. HepG2
cells were t ran sfected with 2 Jlg of th e CAT plasmid bearin g the rat AFP
prom oter (pAFP-CAT) togethe r with increasing amount s of a mouse
c-Fos express ion vector (pRSV c-Fos) alone (0) or in the presence of 0,8
Jlg (.) or 2,5 Jlg (0) of a mouse c-J un expression vector (pRSV c-J un ),
Th e total amount of tr an sfected DNA was kept constant at 12 Jlg by
addition of pUCI 8. CAT values were measu red 48 h later and are
expressed with refe re nce to that of th e pAFP CAT plasmid in the
absence of any express ion vector .

3

Expression vector (~g )

FIG. 3. Effects of mouse JunB and mouse JunD on the rat AFP
p romoter activity in HepG2 h ep a toma cells. HepG2 cells were
transfected with 2 Jlg of the CAT plasmid bea ring the rat AFP promoter
region (pAFP-CAT) togethe r with increasi ng amounts of plasmids al­
lowing expression of mouse c-J un (0), JunB (. ), or JunD (e). The total
amount of t ransfected DNA was kept constant at 12 Jlg by addition of
pUCI 8. CAT act ivit ies were measured 48 h later and are expressed
with reference to the activi ty of th e pAFP-CAT plasm id in the absence
of J un express ion vectors.
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We observed that TPA treatment of th e cells can further
enhance the down-regulating effect of the overexpresse d Jun
(data not shown). Thi s st rongly suggests that the TPA-m edia ­
ted stimulation of the cellular protein kin ase C induces modi­
fications (phosphoryla t ion) of the overexpressed c-Jun which
result in the reinforcemenet of it s negative action on th e AFP
promoter . Th us, although the overex pre sse d c-J un may not be
pr esent in its fully active form in th e absence of protein kinase
C stimulation, it acts in the same way as a cellular Jun mole­
cule th at has been "activated" by TPA.

We used a similar approach to show that two oth er members
of th e Jun family of transcription facto rs, JunB and JunD, also
acte d on the AFP promoter and decreased it s activity (Fig. 3).
However , assuming that the sa me quantities of functional pro­
tein s wer e produced by the three expression vectors, JunB and
JunD were poorer inhibitors of the AFP promoter in HepG2
cells th an was c-J un .

Since Jun usu ally binds to DNA as a heterodimer with Fos,
we tested th e effect of the c-fos proto-oncogene alone and in
combin ation with different amounts of c-Jun on th e AFP pr o­
moter acti vity. HepG2 cells were co-transfected with th e pAFP­
CAT plasmid and increasin g amounts of c-Fos express ion vee-

FIG. 2. c-Ju n down-regula t e s the rat AFP p r omoter activity in
He pG2 h epa toma cells. HepG2 cells were transfected with 2 Jlg of
CAT plasmid bearing the rat AFP promoter (pAFP-CAT), th e rat albu­
min prom oter (pALB-CAT), or the thymidine kinase promoter of the
herp es simplex virus (TK) and the TRE from th e collage nase gene
(pTRE-TK-CAT), together with increasing amounts of a mouse c-J un
expression vector (pRSV c-J un). Th e total amount of tra nsfected DNA
was kept cons tant at 12 Jlg by addition of pUCI 8. CAT activit ies were
measured 48 h afte r transfection. The upper part of the figu re shows the
variation of the act ivity of the pAFP-CAT plasmid as a function of
increasing amounts of the pRSV c-J un plasmid . In th e lower part of the
figure, activities of the pAFP-CAT plasmid (0), of the pALB-CAT plas ­
mid (.), and of th e pTRE-TK-CAT plasmid (0) are expressed with
re ference to those of th e corresponding plasmids in the absence ofc -J un
expression vector.
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FIG. 5. Purified human c· J u n d o es
n ot bind wi th h igh affini ty to the rat
AFP promoter. 1 ng of double-st ra nded
DNA fragme nts corres ponding to t he a~p_

lab eled non coding st ra nd (m iddle panel )
or coding st ra nd (righ t panel ) of t he ra t
AFP promoter a nd to the coding stra nd
(left pan el ) of a cons truct conta ining th e
TRE of the collagenase gene cloned in
front of the TK pro moter (from pTRE-T K­
CAT ) were incuba ted wit hout (0 ) or with
increasing a mounts of puri fied recom bi­
nan t hu man c-J u n pr otein (up to 1 foot­
printing u nit) a nd th en subjec te d to
DNase 1 digest ion as described und er
"Mater ia ls a nd Meth ods ." Aliquot s ofG +
A Ma xam a nd Gilbert reacti ons per­
formed on ea ch of the la beled fragm ents
we re run as molecul a r weight markers on
the dena tu rating ac ryla rnide gel. Num­
ber ing of th e AFP fra gment is from the
t ranscription star t site (38). Th e nucleo­
ti de seque nce of the pro tect ed TRE ele­
ment in th e TRE-TK pro be is written in
the left margin. The spec ificity of th e pro­
tecti ons was ver ified by competit ion ex­
perirncn ts using oligonucleotides ca rryi ng
a n AP I consen su s bindin g site or un re­
la ted seque nces.
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FIG. 6. E ffe c ts of mutated c-J u n on the rat AFP promoter a c­
tivity in HepG2 h epatoma cells. Hep G2 cells wer e tran sfected wit h
2 p.g of th e pAFP26-CAT plasmid bearing the AFP promoter , alone (0 )
or together wit h increasin g a mounts of vecto rs a llowing expres sion of a
wild ty pe mouse c-J un protein (pRSV c-J un) 0 1' of a c-J un pr otein
delet ed from th e act iva t ing doma in (pRSV COL c-J un ) or from the
leu cine zipper (pRSV ;1168 c-J un ) or bearin g poin t mut ations in the
DNA bind ing domain (pRSV DB3 c-Jun a nd pRSV DB4 c-J un). Total
a mount of t ra ns fect ed DNA was kep t cons tant to 12 p.g by addit ion of
pUC18 DNA. CAT va lues wer e measured 48 h later a nd are expressed
with reference to th e activity of the pAFP 26-CAT plasmid in th e ab­
se nce of any expression vector. Resul ts a re given as th e mean of 4
indepen dent exper ime nts . Bar s represent the mean z sta nda rd er rol'.

This indicated th at c-J un cannot bind to the rat AFP promoter
with high affinity .

To determine which par t of the c-J un protein is required for
the negati ve regul ati on of the AFP prom oter, we used vectors
allowing the expression of mutated c-J un proteins. The activity
of two mu tan ts of c-J un (J unDBa and J unDB4 ) with poin t
mutati ons in the DNA bind ing domain whi ch grea tly lowered
their affinity for a TRE binding site (42), was monitored . We
also tested mu tants c-J un"U 68 a nd c-J un CDL (41) from which
th e act ivating domain or th e Leucine Zipper region had been
deleted , respectively (Fig. 6). Mutants lacking the acti vati ng
domain or the leucine zipper domain had lost th eir capacity to
repress the AFP promoter activity. In contras t, the two c-J un
protein s mutated in th eir DNA bin ding domain (DB3 and DB4)
were still able to down regu late the AFP promoter (Fig. 6).
Hen ce, the integr ity of the DNA binding domain of J un is not
required for th e c-Jun protein to exert its negative effect on th e
AFP promoter in HepG2 cells.

The absence of a high affin ity bind ing site for c-J un on th e
AFP pr omoter, plu s the fact that the integrity of the c-J un DNA
binding domai n is not required for the negative effect, strongly
sugge sts tha t th e repressive act ion of J un on the AFP promoter
does not invo lve a direct binding of Jun to the AFP promoter .
This hypothesis led us to test the effect of a chimer ic protein
made of the N-terminal part of c-J un, (amino acids 1-253)
which contains th e Jun act iva ting domain, fused to th e DNA
binding dom ain of the Gal4 transactiva tor (42). The chimeric
Jun-Gal4 protein , expressed from plasm id pDB10, st rongly
repressed the AFP promoter (Fig. 7). By opposition , plasmid
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luciferase plasmids containing the TK promoter instead of the
AFP promoter. Each of these fragments, -196/-52, -196/
-135, -142/-79, -85/-41, slightly stimulated the TK pro­
moter activity in the HepG2 cells (Fig. 8E). However, the ac­
tivity of none of these F1-to-F4 TK plasmids was blocked by
overexpression of c-Jun (Fig. 8B). This indicated that none of
these fragments, when present in a single copy, is able to confer
the c-Jun negative regulation on the TK promoter.

The F1 to F4 fragments of the rat AFP promoter were also
cloned into luciferase plasmids containing the SV40 promoter
instead of the TK promoter and used in transient expression
experiments in HepG2 cells. None of these F1 to F4 fragments
inhibited the stimulatory effect that c-Jun exerted on the basic
pSV-LUC plasmid upon binding to the API site present in the
SV40 promoter (data not shown).

DISCUSSION

The present study demonstrates that TPA and members of
the Jun family of transcription factors can specifically block the
activity of the rat AFP promoter in HepG2 hepatoma cells.
These effects are specific to the AFP promoter, as neither the
liver-specific albumin promoter nor the ubiquitously active TK
promoter were modulated by TPA or c-Jun when assayed under
the same conditions. This specificity excludes the trivial risks
of "squelching" or the use of a cryptic Jun responsive element in
the vector (45, 46).

c-Jun was found to be more potent than JunB or JunD in
down-regulating the AFP promoter. Other examples of such a
hierarchy in the members of the c-Jun family have been re­
ported for several biological actions (47-49). c-Fos never acted
in synergy with c-Jun to block the AFP promoter activity.

The specificity of the negative response of the rat AFP pro­
moter to members of the Jun family is reminiscent of an ele­
gant study which showed that Ras can down-regulate the hu­
man AFP promoter in HuH7 hepatoma cells, but not the
albumin promoter (17). As in our case, the exact region of the
human AFP promoter involved in this response to Ras could
not be precisely mapped. The results suggested that the sup­
pressive effect of Ras is mediated by one or more elements
within the 169-bp region upstream of the transcription initia­
tion site. We now know that one of the effects of Ras is to
stimulate the c-Jun activity in several cell types. It may well be
that the effects of Ras on the AFP promoter involve c-Jun.
Supporting this hypothesis, the same group has very recently
reported that c-Jun can down-regulate the AFP promoter in
HuH7 cells (50). These results therefore support the notion
that a G protein-linked signaling cascade, or other pathways
acting through the Jun family oftranscription factors, might be
involved in the differential regulation of the AFP and albumin
promoters during normal development and in liver cancer. We
have, similarly, shown that the AFP promoter can use several
strategies, including the use ofHNF1/3 rather than HNF1a and
competition between HNF1 and NFl, to specifically regulate
its activity in a way different from that of the albumin
promoter (12).

The mechanisms leading to negative regulation in eu­
karyotes may be of several types and are very often complex
(see Ref. 51 for review). Those involving c-Jun are well docu­
mented (see Refs. 25-27 for reviews). Here, it appears that the
down-regulation ofthe AFP promoter by c-Jun does not involve
the binding of c-Jun to a precise region of the AFP promoter.
Our DNase 1 footprinting experiments showed no high affinity
binding site for c-Jun on the AFP promoter. The transfection
experiments showed that c-Jun proteins, mutated in their DNA
binding domains, retained the ability to down-regulate the AFP
promoter. That c-Fos did not enhance the c-Jun effect is in
agreement with these findings. Indeed, if binding of Jun to
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p<lDBI0, which was obtained from pDB10 by deleting only the
DNA sequences coding for the N-terminal part of Jun, had no
effect on the AFP promoter (Fig. 7). These results clearly indi­
cated that the N-terminal part of Jun, which contains the
activating domain, is responsible for the down-regulation ofthe
AFP promoter. Similar results were obtained with another
chimeric protein containing the N-terminal part of c-Jun (ami­
no acids 1-193) fused to the DNA binding domain ofthe growth
hormone transcription factor 1 (data not shown).

This finding prompted us to use a functional assay to locate
the region of the AFP promoter which is the target for the
indirect c-Jun action. We constructed a series of vectors con­
taining the luciferase gene under the control of the AFP pro­
moter that had been progressively deleted from its 5' end by
exonuclease III. They were introduced into the HepG2 cells
alone or together with the c-Jun expression vector. Deleting the
AFP promoter from -336 to -134 resulted in a gradual de­
crease in its activity (Fig. SA). The background level was
reached with the deletion at -115. This decrease in the activity
reflects the progressive loss of binding sites, at least for CIEBP
at -280 (8), for the fetoprotein transcription factor (FTF) (11)
and the glucocorticoid receptor (GR) in the -160 region (13),
and those for the retinoic acid X receptor (RXR) and COUP
at -135 (44). This deletion analysis also confirmed that the
-120 region, to which HNF1, nuclear factor 1 (NFl), and the
CIEBPs can bind, is crucial for the AFP promoter functioning
(5, 7, 8, 12).

The luciferase activities of the plasmids carrying the intact
-324 AFP promoter and its -234, -183, -155, and -134
deletion derivatives were all greatly lowered by expression of
the c-Jun protein. Consequently, any region between -324 and
-134 is clearly not needed for the negative effect. However,
they can always be targets for a c-Jun action. The results also
strongly suggested that one or more elements in the region
between -134 and +6 are involved in the repression ofthe AFP
promoter activity by c-Jun,

We used another approach to locate the region(s) where
c-Jun exerted its action. Overlapping fragments of the AFP
promoter known to bind regulatory proteins were cloned into

FIG. 7. The activating domain of c-Jun is sufficient for down­
regulating the rat AFP promoter in HepG2 hepatoma cells.
HepG2 cells were transfected with 5 ",g of the pAFP26-CAT plasmid
bearing the AFP promoter, alone (0) or together with 1 ",g of a vector
allowing expression of a wild type mouse c-J un protein (pRSV c-Jun) or
of a chimeric protein made of the N-terminal activating domain of c-Jun
linked to the DNA binding domain of the Gal4 protein (pDBI0).
p!1DBI0 is the same plasmid as pDBI0 except that the DNA sequences
corresponding to the N-terminal part of c-Jun have been deleted. Total
amount of transfected DNA was kept constant at 10 ",g by addition of
pUC18 DNA. CAT values were measured 48 h later and are expressed
with reference to the activity of the pAFP26-CAT plasmid in the ab­
sence of any expression vector. Results are given as the mean of 4
independent experiments. Bars represent the mean z. standard error.
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FIG. 8. Effects of c-Jun on the activ- A
ity of deletion mutants and of sub­
fragments of the rat AFP promoter in
HepG2 hepatoma cells. The upper part
of the figure shows a scheme of the rat
AFP promoter with the position of bind-
ing sites for transcription factors which
have been previously mapped using gel-
shift or footprinting experiments. A,
HepG2 cells were transfected with 5 IJ-g of
a plasmid bearing the luciferase gene un-
der the control of the rat AFP promoter
region in its whole -330/+8 (pAFP-LUC)
or truncated at -234, -183, -155, -134,
-115, -67, -49, in the absence (D) or in
the presence (I!'ii!) of5IJ-g of the pRSV c-Jun
vector allowing expression of the mouse
c-Jun. The total amount of transfected
DNA was kept constant at 10 IJ-g by addi­
tion ofpUC18. Luciferase activity was de­
termined 48 h later as described under
"Materials and Methods," and values are
expressed as relative light units (RLU)
integrated for 30 s for samples containing
20 IJ-g of protein. Results are given as the
mean of 6 to 9 independent experiments.
Bars represent the mean :!: standard er­
ror. B, one copy of fragment -196/-135
(F1), -142/-79 (F2), -85/-41 (F3), or
-196/-52 (F4) of the rat AFP promoter
was cloned in front of the TK promoter in
the pGL2-TK-LUC plasmid. The effect of
c-Jun was checked on 5 IJ-g of each of the
resulting F-TK plasmids introduced into
HepG2 cells in the absence (D) or pres­
ence (I!'ii!) of the pRSV c-Jun vector exactly
as described above.

DNA were involved, one might have expected a synergy be­
tween c-Fos and c-Jun in repressing the AFP promoter because
the affinity of the Jun-Fos heterodimer for DNA is stronger
than that of the Jun homodimer. Lastly, the experiments with
the Jun-Gal4 chimera clearly showed that the N-terminal part
of the c-Jun protein which contains the activating domain is
sufficient for the negative effect.

We cannot definitively rule out the possibility that TPA or
c-Jun stimulate the expression/activity of an inhibitory factor
or repress that of a trans-activator. However, we believe that
the effect of Jun on the AFP promoter is mainly mediated by
negative regulatory interactions between Jun and another
transcription factor. Such interactions may involve interfer­
ence with binding to DNA or interference with transcriptional
activation. Since Jun does not need to be bound to DNA for
repression of the AFP promoter activity, it is unlikely that the
mechanism entails interference with binding to DNA. This
down-regulation could require protein-protein interactions be­
tween Jun and another/other) transcription factor(s) which
favor the functioning of the AFP promoter. The fact that c-Fos
could not potentiate the effect of c-Jun, but even seemed to

antagonize c-Jun action at some c-Jun:c-Fos ratios, favors this
hypothesis. Fos overexpression would result in the trapping of
c-Jun, which would thus be no longer available to interact with
a positive trans-acting factor on the AFP promoter and coun­
teract its stimulatory effect.

Other examples of negative regulation by Jun which do not
require the binding of Jun to DNA, but are mediated through
interaction of the N-terminal activating domain of Jun with
MyoD or cardiac co-activators have been reported (28, 29).

Jun is known to also counteract the action of several steroid!
thyroid hormone receptors: the glucocorticoid (GR), progester­
one, and estrogen receptors, the thyroid hormone receptor, and
the retinoid receptors RARIRXR (see Refs. 25-27 for reviews).
GR and RXR, therefore, might have been among the best can­
didates for negative interaction with c-Jun on the AFP pro­
moter. It has been shown that the GR and that the RXR can
bind to regions at -160 and -135 of the rat AFP promoter,
respectively. Upon addition of their respective ligands, GR
down-regulates (13, 14, 52, 53) and RXR stimulates (44) the
activity of the AFP promoter. Our experimental results, how­
ever, do not confer the major role to interactions between Jun
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and the GR or the RXR in the down-regulation of the AFP
promoter by Jun. Deletions of the regions bearing their binding
sites on the AFP promoter let the remaining promoter still able
to negatively respond to Jun. This indicates that Jun can act
downstream in the AFP promoter upon interaction with pro­
teints) other than the GR or the RXR. It is, however, possible
that interactions between Jun and the GR or RXR might
play a significant role in the molecular mechanisms which
govern the response of the AFP promoter to glucocorticoids
or retinoids.

The trans-activator target for the Jun repression of the AFP
promoter was not identified because our different approaches
using the luciferase gene under control of regions of the rat
AFP promoter failed to point out a single short DNA region of
the AFP promoter where Jun exerts its regulatory effect. The
negative effect of c-Jun we observed on the 330-bp fragment of
the AFP promoter may also reflect the sum of several negative
effects which take place at different positions on the AFP
promoter. There may be a negative interaction of Jun with one
of the components of the general transcriptional machinery as
just shown for Fos (54). A strong specificity, conferred by the
context of the proximal AFP promoter region should be re­
quired however. A parallel can be drawn with studies showing
that another DNA-binding protein, p53 protein implicated in
the control of cell proliferation and tumor progression, can
specifically down-regulate various promoters (55). The identi­
fication of cis targets of this negative regulation by p53 has also
proved to be difficult. In fact, minimal promoters containing
little more than a TATA box can be down-regulated. Direct
interaction between p53 and factors of the general machinery
of transcription may be responsible for this negative effect (see
Ref. 51 for review). Here again, the exact mechanism is not
known and the question of how the promoter specificity of the
response is achieved remains open.

Answers to these questions are of crucial importance for a
better understanding of how powerful and versatile proteins
such as the Jun proteins are involved in cross-talk between
tightly regulated pathways so as to achieve specific goals
within a given cell and promoter context.
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