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ABSTRACT During adipogenesis, CCAAT/enhancer
binding protein a (C/EBPa) serves as a pleiotropic transcrip-
tional activator of adipocyte genes. Previously, we identified
dual repressive elements in the C/EBP« gene and a putative
transacting factor (C/EBP« undifferentiated protein, or CUP)
expressed by preadipocytes, but not adipocytes, that bind to
these elements. In the present investigation, CUP was purified
17,000-fold from nuclear extracts of 3T3-L1 preadipocytes.
Amino acid sequence and mass spectral analysis of tryptic
peptides derived from purifed CUP (molecular mass ~50
kDa) revealed that the repressor is (or contains) an isoform
of the transcription factor, AP-2a. Electrophoretic mobility
shift and Western blot analysis on purified CUP and preadi-
pocyte nuclear extracts confirmed the identity of CUP as
AP-2a. Both AP-2a protein and CUP binding activity are
expressed by preadipocytes and then decrease concomitantly
during differentiation of 3T3-L1 preadipocytes into adipo-
cytes. Consistent with a repressive role of AP-2a/CUP, an
AP-2a1 expression vector, cotransfected with a C/EBP« pro-
moter-reporter construct into 3T3-L1 adipocytes, inhibited
reporter gene transcription. Taken together with previous
results, these findings suggest that in preadipocytes the
C/EBPa gene is repressed by AP-2a/CUP, which, upon induc-
tion of differentiation, is down-regulated, allowing expression
of the gene.

CCAAT/enhancer binding protein « (C/EBP«) functions as a
pleiotropic transcriptional activator of adipocyte genes during
adipogenesis (1-3). Indeed, compelling evidence shows that
expression of C/EBP« is not only required for (4, 5), but is
sufficient to trigger (6, 7), adipocyte differentiation without
the use of hormonal stimuli. In view of the importance of
C/EBPa in the adipocyte differentiation program, a search for
regulatory elements in the C/EBPa gene was undertaken in
this (8) and other laboratories (9). Recent evidence (10)
indicates that the gene is regulated at least in part by a
repression/derepression mechanism. DNasel footprinting of
the proximal promoter of the mouse C/EBP« gene identified
several binding sites for nuclear factors that are differentially
regulated during adipogenesis. One of these sites was a po-
tential repressor binding site (8). This site, located ~250 bp 5’
of the transcriptional start site, was footprinted by a nuclear
factor present in preadipocytes, but not adipocytes (8, 11), and
was therefore designated CUP (C/EBPa undifferentiated pro-
tein) (11). During adipocyte differentiation, CUP binding
activity seemed to be down-regulated concomitant with the
transcriptional activation of the C/EBPa gene (11), raising the
possibility that CUP acts as a repressor of the gene.
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More recently, we discovered that, in addition to the CUP
binding site (the CUP-1site) in the proximal 5'-flanking region
of the C/EBP«a gene, there is another potential binding site
(the CUP-2site) in the 5'-untranslated region that contains the
same core sequence (GCCGCCG) (10). Proof that both sites
are required for repression was obtained by mutating the sites
in C/EBPa promoter-reporter constructs and showing that
only when both CUP sites were mutated was transcription of
the reporter gene derepressed (10). Thus, it seemed that dual
CUP sites are necessary to ensure that the C/EBPa gene is
maintained in the repressed state before differentiation.

To characterize CUP and investigate its effect on transcrip-
tion of the C/EBPa gene, we set out to isolate and express CUP
cDNA. As several attempts to expression-clone CUP cDNA
were unsuccessful, we undertook the purification of CUP from
3T3-L1 preadipocytes to obtain sufficient amino acid sequence
for the design of oligonucleotide probes for library screening.
In the present paper, we report the purification of CUP and
partial sequencing of the protein. From this sequence infor-
mation, we discovered and verified that CUP is, in fact, an
isoform of the transcription factor AP-2a. We further dem-
onstrated that in 3T3-L1 adipocytes expression of AP-2«/CUP
trans-inhibits reporter gene expression mediated by the
C/EBPa gene promoter.

EXPERIMENTAL PROCEDURES

Human recombinant AP-2«1 was from Promega, and rabbit
anti-hAP-2a antibody and rabbit anti-hSpl antibody were
from Santa Cruz Biotechnology. CMV-hAP-2al expression
vector was provided by R. Buettner (University of Regensberg,
Germany). Protein was determined by the Bradford method
(12).

Cell Culture and Induction of Differentiation. 3T3-L1 prea-
dipocytes were maintained and propagated in DMEM con-
taining 10% (vol/vol) calf serum. Two-day postconfluent
(designated day 0) cells were induced to differentiate (13) with
DMEM containing 10% (vol/vol) fetal bovine serum, 1 ug of
insulin per ml, 1 uM dexamethasone, and 0.5 mM 3-isobutyl-
1-methyl-xanthine until day 2. Cells were then fed DMEM
supplemented with 10% fetal bovine serum and 1 ug insulin
per ml for 2 days, after which they were fed every other day
with DMEM containing 10% fetal bovine serum. Expression
of adipocyte genes and acquisition of the adipocyte phenotype
begins on day 3 and is maximal by day 8.

Electrophoretic Mobility-Shift Assay (EMSA). EMSA was
performed as previously described (10). For competition

Abbreviations: EMSA, electrophoretic mobility-shift assay; CUP,
C/EBPa undifferentiated protein; C/EBPa, CCAAT/enhancer bind-
ing protein «; PVDF, poly(vinylidene difluoride).
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experiments, a 50-fold excess of unlabeled competitor oligo-
nucleotide was added before addition of radiolabeled oliogo-
nucleotide. The sequence (slash indicating the delimiting
linker sequence) of the CUP-1 site oligonucleotide of the
mouse C/EBPa promoter is GATC/GGAGGCCGCCGAGG/.
The sequence of the CUP-1 site oligonucleotide of the human
C/EBPa promoter (14) used for EMSA is GGCGACGGCC-
GGGCCGGGGGCGGAGT (Fig. 1). Consensus wild-type
and mutant AP-2 binding site oligonucleotides, i.e., GATC-
GAACTGACCGCCCGCGGCCCGT and GATCGAACT-
GACCGCTTGCGGCCCGT, were obtained from Santa Cruz
Biotechnology, respectively. Nuclear extracts were prepared by
a modification of the NUN protocol as previously described
(10). Protein complex formation was quantitated by Phosphor-
Imager in the linear response range; an arbitrary unit of CUP
binding activity was established for each purification run (for
example, the run illustrated in Table 1) to facilitate activity
comparisons between purification steps.

Purification of CUP from 3T3-L1 Preadipocytes. All pro-
cedures were conducted at 4°C. Synthetic CUP-1 binding site
oligonucleotide (GATC/CAGCGCCGCCGGGG/) was oli-
gomerized to produce 5 to 10 mers, which were conjugated to
CNBr-activated Sepharose 4B (Pharmacia), i.e., 22 ug of
oligonucleotide/ml matrix, as described in the Pharmacia
manual. Nuclear extract (see above) from 200 10-cm mono-
layers of 2-day postconfluent (day 0) 3T3-L1 preadipocytes
was adjusted to 100 mM KClI (in buffer D containing 40 mM
Tris-HCl/1 mM DTT/0.5 mM phenylmethylsulfonyl fluoride,
pH 7.5) and centrifuged at 100,000X g for 45 min; the
supernatant was adsorbed to 8 ml of calf thymus DNA-
cellulose (Sigma) overnight, poured into a 1 X 8-cm column,
and washed with 20 column volumes of buffer D containing
100 mM KCI. Fractions were monitored for CUP activity by
quantitative EMSA. CUP binding activity was eluted as a
single peak at ~450 mM KClI by gradient elution. Fractions
containing maximal CUP activity were pooled, desalted on a
PD-10 column (Pharmacia), mixed with poly[d(A-C)-d(G-T)]
(0.1 pg/ug protein), and then equilibrated overnight with 0.5
ml of CUP binding site affinity matrix in buffer D containing
100 mM KCI. The mixture was poured into a 0.5 X 1-cm
column, washed with the same KCl-containing buffer, and
then subjected to gradient elution (100-700 mM KCl), with
CUP activity eluting at ~400 mM KCI. Fractions from affinity
chromatography were subjected to EMSA or SDS/PAGE
(10% acrylamide) for 14-16 h at 40 V, after which SDS gels
were silver-stained (Fig. 2B).

Amino Acid Sequence and Mass Analysis of CUP Tryptic
Peptides. Fractions containing peak CUP binding activity (Fig.
2A, fractions 27-31) were pooled, subjected to SDS/PAGE,
blotted onto poly(vinylidene difluoride) (PVDF) membranes
(ProBlott, Applied Biosystems), and stained with Coomassie
Blue. The 50-kDa band was excised and reduced and alkylated
with isopropylacetamide (15) followed by digestion for 17 h at
37°C with 0.2 pg of trypsin (Frozen Promega Modified) in 20
pl of 0.05 M ammonium bicarbonate containing 0.5% Zwit-
tergent 3-16 (Calbiochem) (16). Peptides were separated on a
C18 capillary column (LC Packings) using a prototype capil-
lary gradient HPLC (Waters) with a small delay volume to
facilitate hand collection of fractions (17). Solvent A was 0.1%
trifluoroacetic acid, and solvent B was acetonitrile containing
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0.08% trifluoroacetic acid. Peptides were eluted using a linear
gradient of 0-80% B in 60 min and detected at 195 nm.
Well-resolved peaks were sequenced on a model 494 CL PE
Applied Biosystems sequencer using 6-mm micro cartridges
and equipped with an on-line capillary PTH analyzer (model
140D). Peaks were integrated with JUSTICE INNOVATION soft-
ware using Nelson Analytical 760 interfaces. Sequence inter-
pretation was performed on a DEC Alpha (18).

Mass analysis was performed on 0.2 ul of the isolated HPLC
fractions, which were applied to a premade spot of matrix (5
wl of 20 mg/ml a-cyano-4-hydroxycinammic acid + 5 mg/ml
nitrocellulose in 50% acetone/50% 2-propanol) (19) on the
target plate. Ions were formed by matrix-assisted laser desorp-
tion/ionization with a nitrogen laser (337 nm). Spectra were
acquired with a PerSeptive Biosystems Voyager Elite time-of-
flight mass spectrometer, operated in reflector-delayed ex-
traction mode.

Western Blot Analysis. SDS-polyacrylamide gels were elec-
troblotted onto PVDF membranes (Millipore). Membranes
were probed with anti-hAP-2 antibody and horseradish per-
oxidase-conjugated goat anti-rabbit IgG (Sigma) as secondary
antibody, which was detected by chemiluminescence (Amer-
sham Corp.).

Transfection. Differentiated 3T3-L1 adipocytes were tran-
siently cotransfected (calcium phosphate precipitation
method; ref. 20) on day 3 or 4 with 1 pg of promoter-reporter
construct containing 343 bps of 5'-flanking sequence and the
entire 5'-untranslated region of the C/EBPa gene in pGL3-BA
luciferase or the promoterless vector (10), along with 10 pg of
a CMV-hAP-2al expression vector (21) or a control vector
lacking the AP-2a1 cDNA insert. After 48 h in culture, cell
extracts were prepared and assayed for luciferase activity.

RESULTS AND DISCUSSION

Purification of CUP and Sequence Analysis of Tryptic
Peptides. Quantitative EMSA with an oligonucleotide probe
corresponding to the CUP-1 binding site in the C/EBP« gene
was used to monitor CUP activity during purification. Nuclear
extract from 3T3-L1 preadipocytes, typically 200 10-cm cell
monolayers, was subjected to chromatography on DNA-
cellulose. Binding of CUP to this matrix was unexpectedly
tight, requiring ~450 mM KCI for elution and resulting in
~060-fold purification (Table 1). Fractions from the DNA-
cellulose column containing the highest CUP activity were
pooled, applied to a CUP-1 binding site oligonucleotide af-
finity matrix, and eluted with a KCl gradient elution. A typical
elution profile is shown in Fig. 24. CUP was eluted as a single
peak of activity at ~400 mM KCI. The activity peak corre-
sponded exactly to a major silver-stained protein of ~50 kDa
(Fig. 2B). Fractions with highest activity (fractions 27-31)
were pooled, subjected to SDS/PAGE, blotted onto a PVDF
membrane, and the section of the membrane containing the
50-kDa protein was excised and subjected to digestion with
trypsin. Following separation by HPLC, several well-resolved
tryptic peptides were subjected to Edman amino acid sequenc-
ing and mass spectral analysis.

The sequences of two peptides, i.e., QSQESGLLHTHR and
SNSNAVSAIPIN, were used to search a combined nonredun-
dant protein sequence database containing GenBank, Swiss

Table 1. Purification of CUP from 3T3-L1 preadipocytes

Protein, Activity, Specific activity, Yield, Purification,
Step ne arbitrary units units/pg % -fold
Cells* 80,000 — — — —
Nuclear extract 17,900 10,500 0.59 100 1
DNA-cellulose 200 7,350 37 70 63
CUP-1 affinity matrix 0.4 4,200 10,500 40 17,800

*200 10-cm monolayers of confluent 3T3-L1 preadipocytes.
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Mouse

Human
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=27lpGTGTGCGGGGGCGACAGC -CCCGCCGEGGTGCEGCT-GAGCG 231

~265PGGEECECGGGGECGACGGCCGEECCEGCEGCGGAGTTCGAGCG 223

F1G. 1. Nucleotide sequence in the CUP-1 binding site region of the mouse and human C/EBP« gene promoters. Underlined bases in the mouse
C/EBPa gene promoter indicate the region that is DNasel-footprinted by preadipocyte nuclear extract (8) or rAP-2al (M.-S.J. and M.D.L.,
unpublished results). Bases overlined indicate the AP-2 consensus sequence (-GCCNNNGGC or G). Letters in bold indicate bases in the human
C/EBPa gene promoter (14) that differ from those footprinted in the mouse gene.

Prot, and the Protein Identification Resource. Exact matches
were obtained to sequences in mouse AP-2q, i.e., the predicted
tryptic cleavage products derived from amino acids 101-112
and 185-196, respectively, of mouse AP-2al (22, 23). Neither
of these peptide sequences is found in AP-28 (21). Mass
spectral analyses of seven other CUP tryptic peptides corre-
sponded exactly to the masses of predicted tryptic cleavage
products derived from amino acids 113-124, 218-226, 229—
236, 272-280, 316-323, 324-334, and 347-356 of mouse AP-
2al. Thus, it was concluded that the fractions of peak CUP
activity from affinity chromatography contained an isoform of
mouse AP-2a, but not AP-283. Moreover, because the approx-
imate molecular mass of CUP is ~50 kDa and the molecular
masses (based on amino acid sequence) of mouse AP-2a-1, -2,
-3, and -4 are 48, 32, 47, and 52 kDa (23), respectively, the
50-kDa CUP/AP-2« isoform purified by affinity chromatog-
raphy seems to be AP-2a-1, -3, or -4.

As the molecular mass of AP-2a¢2, a dominant-negative
isoform of AP-2a lacking the transactivation domain, is 32 kDa
(23), CUP cannot be AP-2a2. However, it should be noted that
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F1G. 2. Purification of CUP by binding site oligonucleotide affinity
chromatography. (4) CUP purified by chromatography on DNA-
cellulose was applied to a CUP-1 binding site oligonucleotide-
Sepharose column, and elution was performed with a KCI gradient
(0). CUP binding activity (@) in the eluted fractions was monitored by
quantitative EMSA. (B) 50 ul of selected fractions were subjected to
SDS/PAGE, after which the gels were silver-stained. W¢ refers to final
wash of the column, S refers to starting material (derived from the
pooled fractions from DNA-cellulose chromatography), F refers to the
flow-through volume of the CUP-1 binding site affinity column, and
STD refers to molecular mass standards. The arrow identifies the
50-kDa band.

frequently an additional silver-stained band of molecular mass
~32 kDa was detected by SDS/PAGE that coeluted with the
50-kDa CUP band from the CUP binding site affinity matrix
(results not shown). It is possible, therefore, that another
nuclear protein, possibly AP-2a2, may be present in the CUP
complex. Investigations are underway to determine which
isoforms of AP-2« are expressed during the adipocyte differ-
entiation program.

Verification that CUP Is an AP-2« Isoform. Several lines of
evidence verify that CUP is an isoform of AP-2a. Western blot
analysis showed that purified CUP is recognized by an anti-
body directed against a peptide corresponding to the C-
terminal amino acid sequence (amino acids 420-437) of
human AP-2al (Fig. 34), the sequences of mouse and human
AP-2a1 differing only by a single amino acid in this region. As
shown in Fig. 34, the molecular masses of CUP and recom-
binant AP-2a1, estimated by SDS/PAGE-Western blotting,
are similar, i.e., =50 kDa. Interaction with this antibody,
however, does not distinguish among the AP-2a isoforms
(AP-2a-1, -2, -3, or -4), as the C-terminal sequences of all of
the isoforms are identical (23).

EMSA confirmed that the CUP/CUP site oligonucleotide
complex formed with preadipocyte nuclear extract contains an
AP-2a isoform. Both preadipocyte nuclear extract and recom-
binant AP-2al, but not adipocyte nuclear extract (which lacks
CUP), bind specifically to both the CUP-1 binding site (Fig. 3B,
lanes 1-3) and consensus AP-2 (results not shown) oligonu-
cleotides. Recombinant AP-2al gives rise to two protein
complexes (lane 1), the slower of which corresponds to full-
length AP-2al and the faster of which is derived from a
proteolytic cleavage product also detectable on Western blots
(results not shown). Anti-AP-2a antibody, but not irrelevant
antibody (anti-Sp1; lane 6) or preimmune serum (lane 4),
supershifts the CUP site oligonucleotide—protein complex
produced by preadipocyte nuclear extract (lane 5) or by
purified CUP or recombinant AP-2al (results not shown).
Specificity of binding is indicated by the fact that the CUP site
oligonucleotide-protein complex is competed away by unla-
beled consensus AP-2 site oligonucleotide, but not by mutated
consensus AP-2 site oligonucleotide (lanes 7 and 8).

An earlier study (8) showed that the CUP-1 site within the
proximal promoter of the C/EBPa gene is DNasel footprinted
by nuclear extract from 3T3-L1 preadipocytes, but not adipo-
cytes. Consistent with evidence presented above that AP-2« is
the DNA binding protein in preadipocytes that binds at this
site, rAP-2al also footprints this site (results not shown).

Previous investigations in this laboratory (10, 11) revealed
an inverse kinetic relationship between the decrease in CUP
binding activity and the increase in the rate of transcription of
the C/EBPa gene during adipocyte differentiation. To deter-
mine whether decreased expression of CUP/AP-2a protein
(possibly through decreased transcription of the CUP/AP-2a
gene) could account for the decrease in CUP binding activity,
both of these processes were monitored during adipocyte
differentiation. As shown in Fig. 4 A and B, respectively, the
CUP binding activity and levels of AP-2« protein declined
rapidly and coordinately after induction of differentiation (day
0), becoming virtually undetectable by day 4. Moreover,
rapidly dividing 3T3-L1 preadipocytes (day —4) lack both CUP
protein and binding activity, but binding activity increased
dramatically when the cells become growth arrested at con-
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Verification that CUP is an AP-2« isoform. (4) Immunoblot of recombinant hAP-2«1 and purified CUP. 50 ul of purified CUP (from

fraction 29; Fig. 24) or 10 ng of human rAP-2al were subjected to SDS/PAGE (10% acrylamide), after which the gel was transblotted onto a
PVDF membrane and probed with rabbit anti-hAP-2« antibody. (B) EMSA of human rAP-2al (rAP2), day 7 adipocyte nuclear extract (A), or
day 0 preadipocyte nuclear extract (P) with 32P-labeled CUP-1 binding site oligonucleotide probe in the presence or absence of preimmune serum
(PI), anti-hAP-2« antiserum (AP-2), anti-hSp1 antiserum (Sp-1), or unlabeled wild type (AP-2) or mutated (AP-2M) AP-2 binding site
oligonucleotide. NE, nuclear extract. The single arrow identifies the CUP-oligonucleotide probe complex, and the double arrow identifies the

position of the band supershifted by anti-hAP-2« antibody.

fluence (day —2). Taken together, these findings provide
compelling evidence that CUP is (or contains) AP-2a-1, -3, or
-4.

The Human C/EBPa Gene Promoter Contains an AP-2/
CUP-1 Binding Site. It was previously reported (14) that the
human C/EBPa gene lacks a functional CUP-1 binding site
comparable to that in the proximal promoter (between nucle-
otide —251 and nucleotide —236) of the mouse C/EBPa gene,
although a consensus AP-2 binding site sequence was identi-
fied (ref. 14; see also Fig. 1). In view of our finding that CUP
is an AP-2« isoform, this issue was reinvestigated. EMSA was
performed with an oligonucleotide probe corresponding to the
potential AP-2 binding site in the human C/EBP«a promoter;
however, the oligonucleotide extended further 5’ than the
consensus sequence tested previously without success (14).
This probe gave rise to protein complexes with rAP-2a1 and
preadipocyte nuclear extract (Fig. 5, lanes 1 and 2). It is evident
that one of the complexes formed with preadipocyte nuclear
extract contains CUP/AP-2¢, as it was supershifted by anti-

body to hAP-2 (lane 3), was specifically competed away by
unlabeled CUP-1 site oligonucleotide (results not shown) and
was not formed with adipocyte nuclear extract (lane 5). It
should be recalled that the two complexes formed with hAP-2«
(Fig. 5, lane 1) are both supershifted by antibody to hAP-2a
(results not shown) and that the faster-moving complex is due
to a proteolytic cleavage product of recombinant hAP-2«. This
cleavage product is not detected in preadipocyte nuclear
extracts. Taken together, these results indicate that, like the
mouse promoter, the human C/EBPa promoter possesses a
functional CUP/AP-2 binding site in the same region (Fig. 1).

Trans-Inhibition by AP-2alof Reporter Gene Expression
Mediated by the C/EBPa Gene Promoter. Previous studies
showed that dual CUP binding sites in the C/EBPa gene
promoter function repressively (10). Thus, mutation of the
CUP binding sites in C/EBPa promoter-luciferase constructs
derepressed reporter gene expression in 3T3-L1 preadipo-
cytes, but not 3T3-L1 adipocytes. To determine whether
AP-2a is capable of repressing transcription mediated by the

(A) EMSA D4 D2 Do D1 D2 D3 D4 D5D6 D7
W < CUP
(B) Immunoblot
- e e -<— AP-2

FiG. 4. Changes in AP-2a and CUP binding activity during adipocyte differentiation. (4) CUP binding activity of nuclear extracts during
differentiation of 3T3-L1 preadipocytes. Nuclear extracts prepared on the days indicated were subjected to Western blot analysis or EMSA using
the CUP-1 binding site oligonucleotide as labeled probe. D-4 refers to proliferating 3T3-L1 preadipocytes; D-2 and DO refer to confluent and 2-day
postconfluent preadipocytes; and D1, D2, D3, D4, D5, D6, and D7 refer to cells 1, 2, 3, 4, 5, 6, and 7 days, respectively, after induction of
differentiation. (B) AP-2a protein was detected by Western blot analysis of nuclear extracts during differentiation of 3T3-L1 preadipocytes.
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F1G.5. EMSA of preadipocyte and adipocyte nuclear extracts with
the oligonucleotide sequence in the human C/EBPa gene that corre-
sponds to the CUP-1 binding site in the mouse gene. EMSA was
performed with nuclear extracts from 3T3-L1 preadipocytes (P; day 0)
or adipocytes (A; day 7) with an oligonucleotide sequence in the
human C/EBPa gene that corresponds to the CUP-1 binding site in the
mouse C/EBPa gene. Where indicated, nuclear extract was treated
with antibody against hAP-2a (AP-2) or preimmune serum (PI) before
incubation with the labeled oligonucleotide probe. Two arrows on left
indicate complexes formed with rAP-2; arrow on right the complex
formed with preadipocyte nuclear extract.

C/EBPa gene promoter, a C/EBPa promoter-luciferase con-
struct was cotransfected into day 3 3T3-L1 adipocytes (or
3T3-L1 preadipocytes) along with an AP-2a1 expression vec-
tor or a control vector lacking the AP-2al cDNA insert. As
shown in Fig. 6, expression of AP-2al markedly “trans-
inhibited” transcription directed by the C/EBPa promoter,
whereas the control vector had no effect. In five different
experiments, the extent of trans-inhibition varied from 55 to
90%. Importantly, the AP-2a1 expression vector had no effect
on expression of the C/EBPa promoter-luciferase construct in
3T3-L1 preadipocytes (results not shown). It can be concluded,
therefore, that AP-2al is capable of repressing transcription
driven by the C/EBPa gene promoter and may be responsible,
at least in part, for maintenance of the gene in a repressed state
before differentiation. Although it is evident that AP-2 can act
as a repressor of the C/EBPa gene, the repression mechanism

100% 4

80% -

60 % -

40% 1

Luciferase Activity
(% of positive control)

20% 1

00 | = i |

Control AP-2x

Control AP-2a
C/EBPo. Promoter

Expression Vector:

Luciferase Construct: Promoterless

Fi1G. 6. Transinhibition by AP-2al of reporter gene expression
mediated by the promoter of the C/EBP« gene in 3T3-L1 adipocytes.
Day 3 3T3-L1 adipocytes were transiently cotransfected with an
AP-2al or control (lacking an AP-2a1 cDNA insert) expression vector
and either a promoterless (lacking the C/EBPa promoter) or C/EBP«
promoter-luciferase construct. After 48 h, luciferase assays were
conducted on cell extracts. Results are from five independent exper-
iments.
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remains unclear. Although AP-2 is generally considered to be
a transcriptional activator, it has also been shown to function
as a repressor of a number of genes including the genes for
stellate type 1 collagen (24), K3 keratin (25), acetylcholines-
terase (26), prothymosin (27), ornithine decarboxylase (27),
retinal-fatty acid binding protein (28), retinoic acid receptor 3
(29), and cartilage-derived retinoic acid-sensitive protein (30).
Studies are underway to determine the mechanism of repres-
sion of the C/EBP«a gene by AP-2« and to assess its effect on
the differentiation program.
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