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ABSTRACT

AP-2 is a developmentally-regulated transcription
factor expressed in ectodermal cell lineages. The AP-2
protein is essential for neural tube, craniofacial and
body wall morphogenesis and has been implicated in
oncogenesis. Here we report the isolation of the AP-2
promoter from human, mouse and chicken. The
initiation sites for the human gene have been mapped

in a variety of cell lines, including several derived from
breast tumours. Initiation occurs just upstream of an
IR3-like repetitive element, present in the human and
mouse genes, but absent in chicken. The  cis-acting
elements responsible for promoter activity in human
Hela cells have been mapped both
The proximal promoter contains binding sites for
transcription factors AP-2, NF-1 and octamer proteins,
but lacks a TATA box motif. Functional analysis
demonstrates that the octamer binding site is the
critical component of basal promoter activity. In
addition, the promoter relies on an initiator element for
efficient start site utilization. There is an excellent
correlation between the requirement for the initiator
and octamer elements in transcription assays and the
conservation of these cis-acting sequences between
chicken, mouse and human.

INTRODUCTION

invivo and in vitro .

GenBank accession nos X95234-X95236 (incl.)

differentiation in response to the morphogen retinoic(&eifl).

The importance of this transcription factor for normal mammalian
embryogenesis was recently revealed by generating mice containing
a homozygous disruption of the AP-2 gene. These AP-2-null
mice die at birth of severe developmental abnormalities including
exencephaly, craniofacial defects and a failure of ventral body
wall closure (10) .

The AP-2 protein is also associated with cellular transformation.
In PA1 human teratocarcinoma cells, the addition of an AP-2
expression vector leads to anchorage independent growth (11).
Furthermore, the AP-2 protein is highly expressed in a particular
class of human breast cancer cell lines. Approximately 30% of
human breast cancers contain high levels of c-erbB2, a tyrosine
kinase receptor that causes mammary carcinoma in animal model
systems (12—14). Thegien of the c-erbB2 promoter responsible
for increased expression in human breast cancer cell lines has
been mapped (15) and idiied as an AP-2 responsive element
(16). Moreover, there is a corrtm between the presence of
AP-2 and elevated levels of c-erbB2 protein in human breast
cancer cell lines, strongly suggesting that AP-2 may be directly
responsible for c-erbB2 overexpressig6). Therefore, the
mechanism of regulation of the transcription factor AP-2 may
provide an important key to understanding the aetiology of
mammary carcinoma. In this study we have begun to address this
qguestion by characterizing the AP-2 promoter from three
vertebrate species and identifying ttisregulatory elements
critical for its basal level of expression.

The transcription factor AP-2 is a critical regulatory moleculMATERIALS AND METHODS

required for vertebrate development. The AP-2 protein binds 3
recognition sequence

a homodimer to the consensus

lation and sequencing of genomic clones

GCCNNNGGC that is an importacis+tegulatory element for a An EcdRI-Ncd fragment of the human AP-2 cDNA spanning
variety of cellular genes and viral genomes, including keratifirom nucleotides (nt) 1-128%)was used to probe a human male
proenkephalin and MMTYV (1-3). Imldition, the pattern of AP-2 circulating lymphocyte genomic cosmid library and a mouse C57
expression is regulated both temporally and spatially duringlack/6 female liver genomic cosmid library (Stratagene).
mouse embryogenesis beginning around day E8.5 (4). The majofRgstriction fragments surrounding theefd of the AP-2 cDNA

of AP-2 RNA and protein are found in ectodermal cell lineagesyere subcloned from positive cosmids and sequenced on both
including the neurepithelium and neural cré4t6). The strands. The chicken promoter sequence was obtained by PCR
tissue-specific distribution of AP-2 correlates with the differentialrom genomic DNA (gift of H. Belting) using primers based on
expression of the gene in various cell lines. For example, APrR@ouse/human homology. Flanking sequence was then obtained
mMRNA and protein are present in epithelial-derived HelLa cellsising inverse PCR as follows. Genomic DNA was digested with
but absent from HepG2 hepatoma cells (7). Furthermore, APH2e restriction enzymeslalll, Tad, or Pst plus Nsil, followed
expression is induced in teratocarcinoma cell lines undergoity religation at low DNA concentration. PCR was then performed
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using the primers CK6 (GGATC GGACC CTCTC CCGCCabove. In both instances, the strands were then separated on &

GACCC)and CK7 (GCTTT ACCCG CAGCC GGAGC GCCTC standard sequencing gel. Hybridization between probe and RNA

ATTAG C). The sequence was obtained directly by cycle sequenwas performed at 4Z for at least 8 h in 50% formamide, 40 mM

ing (Perkin Elmer) and was identical for all three enzyme digest®ipes pH 6.4, 1 mM EDTA and 0.4 M NaCl before S1 nuclease
digestion at 37C for 30 min in the absence of carrier DNA (20).

Plasmid constructs

The plasmids designated +275 were made by fusirfgaiBal

site at +275 of the human genomic sequence, located 8 The plasmid used for footprinting was the human genomic clone
upstream of the translational initiator, to tBglll site of from theXhd site at —190 to 8anHl site in the transcribed
PBLCAT3A (8,17). The plasmids dgsated +37 were generated region of the gene, cloned into pBluescript Il (Stratagene). This
by fusing arEcl136lI site at +37 of the human genomic sequencedasmid was kinase labelled at thAe5! site in the vector

to the T4 DNA polymerase repaingtid site in pBLCAT\. The  polylinker, then restricted witkcl136l1 (+37) and the footprinting
extent of upstream sequences is as follows: —-500<scpartial  probe subsequently purified by PAGE. DNAse | footprinting with
digest and —190 is aghd digest into thé&al site of pPBLCAT3\;  Hela nuclear extract and purified HeLa AP-2 or CTF protein was
—151 is arXbad digest into th&ba site of pPBLCAT3\; —122 and  as described previously (7).

—99 areStd and Hadll digests into the T4 DNA polymerase

repairedSal site of pBLCAT3\; —82, —49 and —-10 were made EMSA

using PCR and introduceal site that was ligated into ti%al elLa nuclear extracts were made according to the procedure of
site of pPBLCAT3\. The relevant sequences at the junction Sltelgurst (21). Assays were performed as describedaqurgly (3).

are; gtc gac TAC TGG CGA (-82), gtc gac tTA ATG AGG (-49) - i i ith ei
gt gac GGA AAA GTT (L10). Thaoct, Actfand LS templates Where appropriate, the reactions were incubated with either the

were made in the =151 backbone using PCR or direct insertiong@mPetitor oligonucleotides for 10 min, or witlbf an anti-octl
double-stranded oligonucleotides. All constructs were confirme] aNti-0ct2 antiserum (Santa Cruz Biotechnology) for 60 min on
by sequencing. ice, before addition of the kinase labelled AP octamer probe.

DNase | footprinting

In vitro transcription reactions Transfections

Co-transfections were performed by the calcium phosphate
method as previously describ&) using 18.g of AP-2 /+37
CAT3A reporter construct and 18 pUC118 DNA as carrier.
Transfections were performed at least twice in duplicate, and the
gxtracts normalized for protein concentration prior to the CAT assay.

Hela nuclear extract was prepared according to Digt8jras
modified by Wildemar{19). Eachin vitro transcription reaction
(20 pl) contained 4l nuclear extract in 10 mM HEPES-KOH
(pH 7.9), 0.5 mM DTT, 0.1 mM EDTA, 1 mM Mg§&110 mM
KCIl, 10% glycerol, 4 mM spermidine, 0.5 mM each rNTP. Wher
appropriate, each reaction contained 200 ng template DN@ESULTS

linearized withNcd. a-Amanitin (5pg/ml) was included where

indicated. Reactions proceeded for 60 min 8€3nd were then  |dentification of the AP-2 promoter

analyzed by S1 nuclease mapping or primer extension. All ] . )
transcription reactions were performed independently at leakfe human AP-2 coding region was used to isolate four
twice. Primer extension analysis was conducted using a kindsélependent human genomic cosmid clones, and the sequence
labelled 24 nt CAT primer 5GCCAT TGGGA TATAT CAACG ~ encompassing the’ Boundary of the AP-2 cDNAs was then
GTGG-3 which was annealed in water to the transcriptioletermined (shown diagrammatically in Fig. 1; see also Fig. 10).
products at 37C for 10-20 min. Primer extension reactions!his analysis revealed the presence of a0 nt copy of a
proceeded for 60 min at 3 in 1x buffer (Gibco BRL), 10 mMm  CT-rich repeat sequence in tHenbn-coding region of the AP-2
DTT, 0.5 mM each dNTP, 2flg/ml actinomycin D, 0.5 i transcript. This repeat, based on the triplet TCC, is a member of

RNasin (Promega) and 2.4ulsuperscript Il reverse transcriptase the IR3-like repetitive element family that was initially described
(Gibco BRL). in the genome of EBYV, but has since also been identified in a

number of cellular geng®2). It mght be expected that this
repetitive element could complicate the analysis of the AP-2
promoter. First, repetitive elements often harbour internal promoter
Total RNA was prepared by the guanidine isothiocyanatelements and so it could function as an integral part of the AP-2
procedure followed by centrifugation through a caesium stegpstream regulatory region. Secondly, the presence of an IR3-like
gradient (20). RNA fromin vitro transcription reactions was repeat would make it more difficult to analyze transcription of the
isolated as above. S1 probe used for mapping either endogengese by techniques such as RNase protection because of the
transcripts, or RNA generated by vitro transcription of presence of other cellular transcripts containing related sequences.
templates extending to +275, was derived from the —49/+27Fherefore, to determine which region cqoewded to the AP-2
plasmid. This plasmid was kinase labelled aNgoMI site at  promoter, S1 nuclease mapping was utilized to locate-tred5
+195, followed by arspH restriction digest, which cuts in the of the AP-2 mRNA from human HelLa cells. In contrast to a
pBLCAT3 polylinker sequences upstream of the AP-2 insert. Theniformly labelled probe, typical of an RNase protection, any of
S1 probe used for mapping transcripts derivedirbyitro  the S1 probe annealing to related repeats in other transcripts will
transcription of templates extending to +37 was generated framave the label present in the unique sequence removed by nucleas
the —190/+37 plasmid. This plasmid was kinase labelldehatia  digestion. Thus, the spurious IR3 hybrids will be eliminated from
site in the CAT gene, followed by a second digest &t as  the analysis and only genuine AP-2 transcripts will be observed.

S1 nuclease mapping



Nucleic Acids Research, 1996, Vol. 24, No. 13599

Ap.a AP:2  AP-Z  Oxi Inr IRY 1 2 3 4
; 261 -
GTF . 234 . .
Figure 1. Diagrammatic representation of the human AP-2 promoter 2n -

sequence. Nucleotide numbers are given based on the transcription initiation

site at +1 (arrow). The IR3-like repetitive sequence (shaded), the position of

the coding sequences (chequered box), and transcription factor binding sites in -
(ovals), are shown. AB-2
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The probe utilized for S1 nuclease mapping was end-labelled

in unique sequence downstream of the IR3-like repeat, and

extends[250 nt upstream. Several nucleotides derived from

linker sequence were included at the3d of the probe so that
any transcription initiating further upstream would generate a 244 nt

band that could be distinguished from the 261 nt undigested probe IR HgoMl
(Fig. 2). The S1 mapping data obtained using RNA from HelLa
cells, from which the AP-2 protein was originally isolasthw - 50 2198

a series of protected fragments of 185-195 nt in lerfggh 2,

lane 1). In contrast, these transcripts are not observed with RNA
derived from HepG2 cells (Fig. 2, lane 2), which lack AP-2 " ’:rlﬂg:
MRNA and protein (7). These data suggest that the transcription

start sites for AP-2 map to 30—40 nt upstream of the IR3-like repeat.

. . . T o Zdd
The data from S1 mapping are consistent with transcriptional # asd thee txn
initiation, but could also represent a splice acceptor site. Therefore,
to determine directly if the AP-2 upstream region possessed w  105-195 nt

txn Initiation

promoter activity, the ability of this region to direct accurate
transcriptional initiation was tested in Bmvitro transcription
system derived from HelLa cell nuclei. A plasmid containing the_. - i L L
AP-2 Upsiteam region from —L51/+275 was added I IO ke CLamCIeTEalon of e P2 vascrpton taton S LSt e
transcription system. The resulting RNA transcripts were theand RNA derived from the AP-2 promoteribyitro transcription (lane 4). Size
subjected to S1 analysis using the same probe employed fogrkers are indicated at the leioftom) Diagrammatic representation of the
mapping endogenous Hela transcripts. The data show that t}8-2 promoter, the S1 probe and the observed products. The 244 nt signal
5-ends of the RNA produced in tissue culture cells, an bigro (lane 4) represents RNA polymerase transcripts initiating upstream of the AP-2
L. . ) ! promoter in vector sequences.
transcription, map to the same major start sites (Fig. 2; compare
lanes 1 and 4). Therefore, this region of AP-2 can act as the o ) ]
promoter and has the ability to direct the specific pattern d@r the transcription reactions in the absence of any added
initiation seen with the endogenous gene. Further mapping of tigénplate DNA. Inclusion of the longest template tested, —190/+275,
start site by S1 mapping, RNAse protection and primer extensiéaused a marked increase in the 185-195 nt products derived
analyses position the-Bnd of the AP-2 mRNA near the C from the AP-2 promoter (Fig. 4; compare lanes 2 and 8). These
designated +1 (see below and Fig. 10). Taken together, thé¥g-2 transcripts are sensitive to the low concentrations of
results indicate that we have mapped the major AP-2 start siggimanitin that specifically inhibit RNA polymerase I (compare
and identified a fragment of the AP-2 gene that functiomisro  lanes 1 and 8). In contrast, the 244 nt products initiating upstream
as the promoter. of the AP-2 sequences are not eliminated by this concentration of
We next determined the activity of the endogenous AP-@-amanitin, indicating that they are products of other RNA
promoter in a variety of other human cell types. In particulapolymerases. Successive deletion of upstream sequences betwee
several breast cancer cell lines were analyzed because of 13€0 and—82 had no effect on the amouint wtro transcription
correlation between the presence of AP-2 protein and elevatgserved (Fig. 4, lanes 4-8). However, deletion to —49 caused a
levels of c-erbB2 transcripts in these céli§). In all cell lines severe reduction of transcription (Fig. 4, lane 3). These experiments
where AP-2 RNA was detected, it initiated at the same sites &P the major determinants fowitro transcription of the AP-2

those used in HeLa cells, and no transcripts originated from withiomoter downstream of —-82. _
the repetitive element (Fig. 3). Primer extension analysis was utilized to analyze the expression

of templates containing deletions nearer to the start site. To
increase the resolution of start site mapping a new set of promoter
templates was derived in which the AP-2 sequences upstream of
nt +37, which lies immediately prior to the IR3-like repeat, were
The functional organization of the AP-2 promoter was furtheiused to the CAT gendn vitro transcription products derived
analyzed by using a series 6flgletion mutants as templates forfrom these new AP-2 templates were analyzed by primer
in vitro transcription. Figure 4 lane 2 shows the basal amount ektension analysis using an oligonucleotide within the CAT gene
endogenous AP-2 RNA present in the HelLa nuclear extract usgtig. 5). The primer extension analysis indicated that the majority

Characterization of AP-2 promoter activity in cell-free
extracts
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Figure 3.S1 mapping of the AP-2 promoter in human cell lines. MDA MB 436,

HBL100, MDA MB 231, BT20, MTSV2.1 are breast cancer cell lines that have

low levels of c-erbB2 expression. MDA MB 453, BT483, SKBR3, ZR 75-1 are

breast cancer cell lines that are high expressors of c-erbB2. PA1 and Jurkat are [|"" N
teratocarcinoma and T cell lines, respectively. A G+A sequencing ladder of the CAT }
probe and the position of the IR3-like repeat are indicated. The presence of C
intact RNA was confirmed in all samples using an S1 probe specific for the
transcription factor Sp1 (data not shown).

P10 A B3

+17

- 24 B
prisay
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138 nt
281 - - % aucension

244 - g - -
Figure 5. Analysis of the AP-2 promoter by couplidvitro transcription/
20 - primer extension assay. Results obtained with pBL@AI&ne 1), —10/+37
(lane 2), —49/+37 (lane 3) and —82/+37 (lane 4) are shown next to a sequencing
ladder of the AP-2 promoter/CAT fusion template generated using the same
201 - primer. The template, primer and products are illustrated schematically beneath.

AP-2
L X
—
snl.iﬂn:l ’ s - e -
Identification of proteins interacting with the AP-2

promoter

e Rttt DNase | footprinting assays were performed using the nuclear

extract employed in thia vitro transcription studies to identify
proteins that interacted with the basal promoter region (Fig. 6).
Figure 4. Analysis of the AP-2 promoter. 8eletion mutants were tested for  The most noticeable footprint occurred between nucleotides —39

promoter activity using a coupl&uvitro transcription: S1 mapping protocol. N P . .
Promoter templates used were; —151/+275 withmanitin (lane 1), no and —56, which maps to the critical region of the promoter

template (lane 2), —49/+275 (lane 3), -82/+275 (lane 4), -99/+275 (lane s)jdentified in the transcription assays (Fig. 6, left). This region
—122/+275 (lane 6), —151/+275 (lane 7) and —190/+275 (lane 8). The S1 probeonforms strongly to the octamer consensus sequence, differing
is derived from the —49 construct and therefore generates a 261 nt signal frofsy only 1 nt from the canonical binding S(&S).
upstream transcripts when _used for the —49 template (lane 3), in contrast to the-l—he potential octamer binding site at —49 was further character-
244 nt product observed with other templates. . . . . . . .
ized by gel mobility shift experiments using an oligonucleotide
corresponding to this sequence. Incubation of this probe with
of transcripts mapped to an initiation site in the TC-rich regiohleLa nuclear extract produced one retarded band that was
around +1, in agreement with the S1 nuclease mapping data. Bupershifted with an anti-octl antiserum, but not an antiserum
absence of the other slightly shorter products, observed onlyagainst oct2 (Fig. 7, lanes 2, 3 and 4 respectively). Moreover, the
the S1 nuclease analysis, suggests that these latter molecules @ppearance of the retarded band was specifically inhibited by
produced by enzyme nibbling of the AT-rich region justconsensus octamer competitor DNAS, but not by mutant octamer
downstream of the start site. Also in agreement with the Skquences or unrelated competitor DNAs (Fig. 7, lanes 5-15).
mapping data, a significant drop in the level of product washese data indicate that in HeLa extract, octl binds strongly to the
observed when the sequences between —82 and —49 were del&R& promoter.
(Fig. 5, lanes 3 and 4). Finally, the more extensive removal of theNo other strong binding activity was observed using crude
sequences upstream of —10 completely eliminates specificclear extract. However, DNase | footprinting analysis of the
transcription (Fig. 5, lane 2). proximal promoter sequences using purified transcription factors
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ChcLamer consensus CTFNF-1 consensus AP-X comsensus

Figure 6. DNase | footprinting analysis of the AP-2 promoteefi{) DNase | footprint of the AP-2 promoter using crude HelLa cell nuclear extract (Nxt) compared
with a no protein control (—) and a G+A sequencing ladder. The sequence of the protected region and the octamer consensus are shown beneath. Data obtair

purified CTF/NF-1 fniddle) and AP-2 iight) are also shown.

revealed a binding site for CTF/NF30) betveen nucleotides surrounding AP-2 sequences, more specific substitution mutations
—64 and —86 (Fig. 6). In addition, three binding sites for AP-8f these sites were engineered into the —151 template. These
itself were identified. The most distal of these sites, at —33fnstructs were then used foritro transcription assays and the
(GCCCCAGGC), was documented in a previous study of thgroducts analyzed by S1 nuclease mapping. As shown in Figure 8,
AP-2 geng24). Our analysis also located twadiional AP-2  the alteration of the CTF/NF-1 site showed no decrease in the
sites, more proximal to the start site, at—165 (GTTCGCGGC) atalvel of transcription. In contrast, the disruption of the octamer
-95 (GCCGGCGGC) (Fig. 6, right and data not shown)site at —49 severely diminished transcription of the normally active
However, deletion of these three AP-2 sites did not appear to b&51 promoter template vitro (Fig. 8,Aoct), demonstrating that
critical for in vitro transcription of the AP-2 promoter (Fig. 4; the oct sequence is a critical component of the AP-2 promoter.

compare lanes 4 through 6). Because there is no apparent TATA-box motif located upstream
- . of the start site it was possible that the AP-2 promoter relied on
.Th? activity of the AP-2 promoter relies on octamer and an initiator element for efficient transcription. Therefore, linker
initiator elements . . X .
scanning analysis was used to examine the requirement for

Next, a series of specific point mutations was constructed thegquences around the start site. Substitution mutations were
disrupted discreteis-acting elements in the context of the intactengineered into the —151/+37 promoter background. These
promoter. In light of the DNA binding data, the marked loss ofemplates were then used for vitro transcription and the
activity seernin vitro with the —49 template (Figs 4 and 5) mightproducts analyzed by primer extension (Fig. 8). Alteration of
result from mutation of either the CTF/NF-1 site or the octamesequences either between —9/-5 or downstream of +15 produced
motif. In the —49 template, the CTF/NF-1 site is completelynly a slight affect on initiation (data not shown). In contrast,
removed and the octamer sequence GATATGCTAATGA islteration of the sequences between +3 and +8 resulted in a greatly
replaced with GTCGACTTAATGA by the juxtaposition of reduced level of initiation (Fig. 8; LS2). An almost complete loss
upstream vector sequences. Therefore, to determine the importasicgpromoter activity is observed with the more extensive
of the octamer and CTF/NF-1 sites in the normal context c&ubstitution of sequences between —2 and +8 (LS4). These data
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competitor gene (Fig. 9). Therefore, the upstream sequences that appear to bt
- e critical for in vitro transcription of the AP-2 gene also appear to
S e MO e ™ be the most important in the HeLa co-transfection assay.
::i xlz gy, gy gu— oy oy,
1 2 3 4 S5 6 7 8 9 10 11 12 13 14 15 Comparison of AP-2 promoter sequences between species
e We compared the sequence of the AP-2 promoter from different
vertebrate species to determine whdiacting elements were
- -ae. - "-eee conserved. The human AP-2 coding region was used to isolate a

mouse genomic cosmid clone. Subsequently, sequences conserve
between these two species were used to design primers to isolate
the chicken genomic sequence. A comparison between the
human, mouse and chicken data is shown in Figure 10.
Both the human and mouseuntranslated regions contain an
IR3-like repeat, but this element is absent from the chicken.
Upstream of this repetitive element there is a high degree of
sequence identity between all three species, especially surrounding
‘ the initiation site and octamer element. Just upstream from the
- - mm CTF/NF-1 site the homology between human and mouse is still
very high; the proximal AP-2 site is identical in human and
mouse, but is less conserved in chicken. Further upstream from
this site, the degree of sequence identity between mouse and
human is greatly reduced (data not shown). These comparative
mutant AT S o) data indicate that theis-acting DNA sequences critical for
hE mbamee transcription are highly conserved between these three species.
Therefore, this comparison strongly supports the role of the
octamer and initiator elements as fundamental control sequences
» for the AP-2 promoter.

TCTC GAATE CAAge CACTA GAA

AP octamer TETPG ATATG CTART AACGC GATT

QULATET TGTC GARTG CAAAT CACTA Gl

UL AR
OO AT

DISCUSSION

In this report we have isolated and compared the AP-2 promoter
Figure 7. Identification of the octamer site in the AP-2 promoter by EMSA. from human, mouse and chicken species. In addition, the critical
The sequence of the labelled probe (AP octamer) and various competitaelements for AP-2 expression in HelLa cells have been identified
oligonucleotides are given, showing octamer homology (bold type) andand characterized in cell free extracts or in the context of intact

substitutions (lower case and asterisk). The probe alone is shown in lane 1. At‘fells There is a high degree of conservation between the
other lanes contain HeLa nuclear extract either alone (lanes 2 and 5), or with; ’

anti-oct1 antiserum (lane 3), anti-oct2 antiserum (lane 4), 1 and 10 ng octamélfOMOter sequences, especially in the V'C!n|ty of th_e start S]tG.
competitor (lanes 6 and 7), 1 and 10 ng mutant octamer (lanes 8 and 9), 1 aRPth human and mouse promoters contain a CT-rich IR3-like

10 ng AP octamer (lanes 10 and 11), 1 and 10 ng mutant AP octamer (lanes repetitive elemen(6,22,24) batieen the transcriptional start site
and 13) and 1 and 10 ng CTF/NF1 (lanes 14 and 15). and the translational initiation site. The conservation of the large
IR3-like element between these two species suggests that it was
demonstrate that the sequences around the initiation site arg)$rted into the transcribed region of AP-2 before the divergence
critical component of the AP-2 promoter. of these organisms Qnd raises the p055|bll|ty that it may perform
some function for this transcription unit. However, the IR3-like
repeat is absent from the chicken AP-2 gene. Furthermore, this
repeat is not necessary for AP-2 promoter function as it can be
To confirm and extend the results obtained withvitro  deleted from the human gene without affecting initiatioritro
transcription, the AP-2 promoter constructs were transfected irénd we find that no transcripts originate from within this element
Hela cells. Varying lengths of the AP-2 promoter extending teitherin vivo or in vitro. Alternatively, this repetitive element,
+37 were fused to the CAT gene in the pBLCAT&ckground. which will be present in the' hintranslated region of the AP-2
Figure 9 shows that when the AP-2 promoter spanning froRRNA, could be important for regulating message stability or
—151/+37 is inserted into this vector there i§Biold increase translational efficiency.
in the level of CAT activity relative to pBLCATS alone. Upstream of the IR3-like repeat the promoters display a high
Analysis of the reporter gene transcripts from the transfected ceallegree of sequence identity, especially around the start site and
indicated that they utilized the correct initiation sites (data natctamer motif. None of the promoters contain a recognisable
shown). The further addition of upstream sequences to the —TBATA box sequence upstream of the initiation site. Furthermore,
template, up to -5 kb, did not cause any significant increase in tAB-2 does not resemble TATA-less GC-rich promoters that use a
level of CAT expression. Similarly, deletion of sequences to —82umber of dispersed start sites (25). Instead, AP-2 is similar to
does not affect relative expression levels (data not showmromoters that do not contain an obvious TATA-box or Spl
Therefore, the AP-2 sites are not required for basal activity, ininding sites, yet initiate at only a few discrete g(&5-30).
agreement with the data obtained in cell free extracts. In contraBhiese promoters, typified by the terminal deoxynucleoside
mutation of the octamer sequence abolished expression of the GAdnsferase gene, containcs-acting initiator element (Inr)

CTF / NF1 COTT TGGCA TECTS CUAAT ATG

In vivo activity of the AP-2 promoter
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-49 ThA TGAGS L5l MARAG TDORD ACTAT TAGAG RERAGA
Asct ACTOZ COAZC AATTG GACTA TTGTT GATAT CSATEA TRAGS L3z AARAS TTTOT @TOGA TAGAG (ZRAGA
deock ACTGE COGAGE TOGAG GACTA TTGTT GATAT GCTRA TGAGG LE3 AMKAT TTTCT AQTAT TQTOC ADAGA

LEL AAAAG TOOAC OICQA SAGAT GOAOM

Figure 8. Transcriptional activity of linker scanner mutant templates in nuclear extrafty Results from a coupled vitro transcription: S1 nuclease assay using
mutant AP-2 promoter templates targeting the octamer and CTF/NF-1 binding sites. Below, the AP-2 promoter sequence is given in comparison with the mu
(substitutions shown by underlined bold letterinB)glit) Similar analysis, using primer extension assays, of mutations around the start site.

pBL -151  Aect centered around the start site which is important for both the
accuracy and level of transcription initiati@5,30). Similarly,
. mutation of sequences encompassing the AP-2 start site leads tc

a loss of activity, indicating that this sequence is an integral
component of the promoter and not simply a passive recipient of
upstream information. Indeed, the region between +1 and +10,
CTACCATTAG, has limited homology to the consensus initiator
sequence PyPyPyPyCANTPyPy which acts as a binding site for
. . . the TFIID complex (25,31-33). The AP-2 start site differs from
the classical Inr element in that AP-2 transcription does not begin
at the C of the CANT consensus but at a C residue 4 nt upstream.
However, the potential Inr in the AP-2 promoter is consistent with
previous experiments in which initiator elements can direct
polymerase to commence transcription at adjacent nucleotides
BRLONTIA . Lt o o e i - (28,34). In thedture, a detailed analysis of this region of the AP-2
promoter in a heterologous context will help to define its potential
function as an initiator element.

ocT The AP-2 initiator region alone is not sufficient to direct
151 A7 ™ & significant transcription in isolation. The most critical upstream
' element for basal promoter activity is the octamer sequence at—49

(23). Deldion or mutation of thisis-acting element profoundly
reduces promoter function in a cellular or cell-free milieu.

EAT Supershift experiments show that this site is exclusively bound by
Aoct ™  SEEeE. . | the ubiquitous transcription factor oct-1 in HelLa cell extracts. In
45 .50 - contrast, in PA1 and NT2 teratocarcinoma cell extracts, several

additional complexes are observed that are not supershifted by an
] ] ] ) oct-1 antisera (T. Williams, unpublished observations). This
Figure 9. In vivo analysis of the AP-2 promoterBdlow) Schematic

representation of the templates. In the pBLCATt&nplate, upstream vector raises the pOSSIbIlIty that part of the tlssue—speuflcny of AP-2

sequences (dashed line) are adjacent to the CAT gene, instead of AP-2 promofERNscription in development is accomplished by the variety of
sequences (solid line)Tap) representative CAT assay results. Tkt octamer binding proteins that have different cell-type distributions

mutation is identical to that shown in Figure 8. (35). The oamer site present in the immunoglobulin enhancer
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Figure 10. Comparison between human, mouse and chicken AP-2 promoter sequences. Identical nucleotides are boxed. Nucleotide numbers are based ¢
transcription initiation site at +1 (arrow). The translation initiation codon (Met), octamer (2222), CTEMAY 4nd AP-2 (****) sites are indicated. The IR3-like
repeat boundaries are marked by open stars.

that imparts cell-type specific expression by interaction with thie the promoter might also act as a mechanism that enables the
oct-2 protein present in B cells would be the classic precedent #P-2 gene to be regulated by other AP-2 related prdig)s
such a model (23). The activity of the endogenous AP-2 promoter in various cell
The AP-2 promoter also contains several binding sites for thi@es has also been addressed. In cell lines expressing AP-2, the
transcription factor AP-2 itself, only the most distal of which waRRNA originates at the same initiation sites used in HelLa cells.
identified in a previous study of the genomic structure of AP-Zhis contrasts with the previous mapping of AP-2 start sites by
(24). The current analysis of diten mutants shows that these RNase protection and RACE PCR, where the major start sites
sites are not critical for basal level expression, either in nucleaere postulated to lie within the IR3-like elem@at). However,
extracts or when transfected into tissue culture cells. Howevéine S1 mapping of the start sites in the present study provides
exogenous AP-2 supplied by transfection can activate reporteuch greater resolution than this earlier work. Furthermore, we
constructs containing the two distal AP-2 binding $Bd3orthe  supply direct evidence that the region encompassing the initiation
AP-2 promoter itself (T. Williams, unpublished). An AP-2 sites we have characterized functions as a promoter element, both
promoter template with the proximal binding site is activateth cell free extracts and in tissue culture cells.
4-fold greater than one without, and the presence of all three AP-Because of a potential link between AP-2 and breast carcinoma,
sites results in a further slight increase in AP-2 responsivenegsomoter activity was examined in several breast cancer cell lines
(T. Williams, unpublished). Therefore, the presence of the4&6). Thesetsidies indicated that AP-2 transcripts are present in
binding sites suggests that the AP-2 gene could be autoregulataty.the breast cancer cell lines which have elevated levels of
One implication of these findings is that, if inappropriatelyc-erbB2 (MDA MB 453, BT 483, SKBR3 and ZR75-1). Of the
activated, AP-2 may function to keep itself switched onfive breast cancer lines that are not c-erbB2 overexpressors, three
Alternatively, agents that inhibit the AP-2 protein may be able talso contain AP-2 transcripts, while two others do not, suggesting
reduce the expression of the AP-2 gene. The AP-2 sites prestirdt the presence of AP-2 mRNA is not sufficient to cause
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c-erbB2 overexpression. Promoter activity inthe T cell line Jurka? Williams,T., Admon,A., Lischer,B. and Tjian,R. (19&&nes Dey2,
was also examined because of the potential regulation of HTLV-| 1557-1569.

: . Luscher,B., Mitchell,P.J., Williams,T. and Tjian,R. (198@nes De\3,
by AP-2 (37,38). No AP-2|g;an Qerlved from the endoger]ous 15071517
promoter was detected. _Co_nfhctmg reports exist concerning the Philipp,J., Mitchell,P.J., Malipiero,U. and Fontana,A. (199&. Biol,
presence of AP-2 protein in various T cell 1if8%,38) and 165 602-614. i
further analysis of T cells will be necessary to resolve thed€ Zhang,J., Hagopian-Donaldson,S., Serbedzija,G., Elsemore,J.,

; ; ; ; 9 e ; 2 Plehn-Dujowich,D., McMahon,A.P., Flavell,R.A. and Williamsyature
discrepancies and determine if AP-2 is involved in HTLV-I 381, 238-241: Schorle, H., Meier, P.. Buchert. M.. Jaenisch, R. and

expression. Mithcell, P.J. (1996Nature 381, 235-238..

In the present study we have not attempted to address the Kannan,P., Buettner,R., Chiao,P.J., Yim,S.O., Sarkiss,M. and Tainsky,M.A.
sequences responsible for the retinoic acid-inducibility or tissue- (1994)Genes Dey8, 1258-1269.
specific activity of the AP-2 promoter. However, HepG2 ceIIs,12 IS\/I4uI]|-%r,5Wﬂ.,58inn,E., Pattengale,P.K., Wallace,R. and Leder,P. (T883)
which do not eXpreSS, endernou_S AP-2, can uul_lze the Api% Le’moine,N.Il?. and Wright,N.A. (1993) Tine Molecular Pathology of
promoter when supplied by transient co-transfection (data not cancer cancer Surveys, Va6, CSHL Press.
shown). Examination of the endogenous AP-2 promoter it Guy,C.T., Webster,M.A., Schaller,M., Parsons ,T.J., Cardiff,R.D. and
several cell lines indicates that it is hypomethylated in cell lines m”eh\é\gﬁ 51292?50& :\ls?t éﬁf@%&éﬁg’l %0337’2;1%3785-
that utilize the promoter, such as HeLa and ZR75-1 cells. Bosan.lv'l.,'Winiams,l% and Hurst H.C. (1998e. Natl, Acad. Sci.
contrast, cell lines that do not use the endogenous promoter, stchsa 92 744-747.
as HepG2 and Jurkat, are hypermethylated as determined 19y Luckow,B. and Schiitz,G. (198¥)cleic Acids Resl5, 5490.
restriction enzyme digestion with a panel™$CpG sensitive 18 Dignam,J.D., Lebovitz,R.M. and Roeder,R.G. (1988)leic Acids Res
enzymes (J. Bernstein, unpublished observations). These datall 1475-1489.

: : Wildeman,A.G., Sassone-Corsi,P., Grundstrom,T., Zenke,M. and
suggest that an inactive chromosomal context for the APY Chambon,P. (1988MBO J, 3, 3126-3133.

promoter may PrOVide one component of its tissue'Sp?Ciﬁﬁ) Ausubel,F.M., Brent,R., Kingston,R.E., Moore,D.D., Seidman,J.G.,
activity. Alternatively, the AP-2 gene could contain a distal Smith,J.A. and Struhl,K. (198@urrent Protocols in Molecular Biology
enhancer element that functions in concert with these conserved Greene Publishing Associates and Wiley-Interscience.

promoter elements to achieve tissue-specific expression. Therefgke HurstH.C. (1991) In Collins,M. (edsfethods in Molecular Biology
Humana Presss, NY, pp. 141-151.

!t ma_y be nef:ess"_iry to utilize transgem(_: animal _eXpe”men_ts_ZtQ Heller,M., Flemington,E., Kieff,E. and Deininger,P. (1986). Cell. Biol,
identify the cis-acting elements responsible for tissue-specific s, 457-465.

expression of AP-2. The isolation of the AP-2 promoter and th&8 HerrW. (1992) Oct-1 and Oct-2, In McKnight,S.L. and Yamamoto,K.R.
characterization of theis—acting elements necessary forits basal (eds)Transcriptional Regulatigr2. Cold Spring Harbor Laboratory Press,

; ; ; ; : Cold Spring Harbor, NY, pp. 1103-1135.
expression provides an excellent basis for this future anaIyS|s2 4 BauerR. Imhof,A., PschererA.. Kopp.H., Moser,M., Seegers,S..

Kerscher,M., Tainsky,M.A., Hofstaedter,F. and Buettner,R. (19@dleic
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