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A myc-associated zinc finger protein
binding site is one of four important
functional regions in the CD4 promoter

The CD4 promoter plays an important role in the developmental control of CM transcription. In this report,
we show that the minimal CD4 prometer has four factor binding sites, each of which is required for full
funetion. Using btochemical and mutapenesis analyses, we determined that multiple nuclear factors bind to
these independent sites. We determined that an initiator-like sequence present at the cap site and an Ets
consensus sequence are required for full promoter function. We also demonstrate that the Myc-associated zine
finger protein (MAZ) appears to be the predominant factor binding to one of these sites, This last site closely
resembles the MElal G,AGAG, motif previously shown to be a eritical element in the F2 promoter of the
c-mye genc. We therefore believe that the MAZ transcription factor is also likely to play an important role in
the control of developmental expression of the CD4 gene.

Do

Duncan, D.D., Stupakoff, A., Hedrick, S.M., Marcu, K.B., and Siu, G. ;oL
Molecular and Cellular Biology 15(6):3179-3186, June 1995. j,» ' //
Other supponi: National Institutes of Health, American Cancer Society, and the
National Cancer Institute.
From the Depariment of Microbiology, Columbia University, College of Physicians
and Surgeons, New York, NY, Department of Biochemistry and Cell Biology, State
University of New York at Stony Brook, Stony Brook, NY, and Department of Biology
and Cancer Center, University of California, San Diego, La Jolla, CA.

PUBL I CRTIONS 0054933




-

MOLECULAR AND CELLULAR BIOLOGY, June 1995, p. 3179-3186
0270-7306/95/$04.00+0 . ) )
Copyright © 1995, American Socicty for Microbiology

Vol 15, No. 6

57y

A Myc-Associated Zinc Finger Protein Binding Site Is One of
Four Important Functional Regions in the CD4 Promoter

DAVID D. DUNCAN,' AMANDA STUPAKOFF S'IEPHENM HEDRICK,?
KENNETH B. MARCU,? AND GERALD

Department of Microbiology, Columbia University, College of Physicians and Surgeons, New York, New York 10032%;
Department of Biochemistry and Cell Biology, State University of New York ar Stony Brook, Stony Brook,
New York 11794°; and Department of Biology and Cancer Center, University of
California, San Diego, La Jolla, California 92093*

Received 10 June 1994/Returned for modification § August 1994/Accepted 24 March 1995

The CD4 promoter plays an important role in the developmental control of CD4 transcription, In this report,
we show that the minimal CD4 promoter has four factor binding sites, each of which is required for full
function. Using biochemical and mutagenesis analyses, we determined that multiple nuclear factors bind te
these independent sites. We determined that an initiator-like sequence present at the cap site and an Ets
consensus sequence are required for full promoter function. We also demonstrate that the Myc-associated zinc
finger protein (MAZ} appears te be the predominant factor binding te one of these sites. This last site closely
resembles the MElal G,AG,AG,; motif previonsly shown to be a critical etement in the P2 promoter of the
c-myc gene. We therefore believe that the MAZ transcription factor is also likely lo play an important role in
the control of developmental expression of the CD4 gene.

The CD4 cell surface glycoprotein is an important molecule
in T-cell development and activation (21, 26, 38). T cells rec-
ognize antigens as oligopeptides bound to molecules encoded
by the major histocompatibility complex (11, 42). CD4 and
CD8B, similar accessory molecules, bind to nonpolymorphic re-
gions of major histocompatibility complex class 1T and class 1
molecules, respectively, thus contributing to the avidity of in-
teraction between T cells and antigen-presenting cells (38). In
addition, the expression of CDd4 and CD8 in mature T cells
correlates to T-cell function. CD4* CD8™ T eells consist of
primarily helper T cells, which regulate the immune response
by producing cytokines, whereas C134™ CIDE™ T cells consist of
cytotoxic T cells, which kill virus-infected cells and tumor cells
(11, 42). The expression of CD4 or CD8 is coordinated with
T-cell antigen receptor major histocompatibility complex ¢lass
specificity duering F-cell development in the thymus. During
this process, immature T celis that migrate to the thymus
express low levels of surface CD4 only (48). This population
first downregulates CD4 cxpression and then expresses both
CD4 and CD8 as well as increasing amounts of cell surface
T-cell antigen receptor (10). This CD¥” CD§* (double-posi-
tive) population then undergoes the positive and negative se-
lection processes that determine both antigen and major his-
tocompatibility complex specificity and also loses expression of
either CD4 or CD8; only those T cells that express 34 with
a class I-restricted T-cell antigen receptor or CDS with & class
I-restricied T-cell antigen receptor survive thymic selection
(24, 43). Thus, the expression of CD4 and CD8 is linked with
the developmental program of developing T cells as they ma-
ture in the thymus (6, 7, 29, 44). The mechanism by which
expression of C4 and CDR is regulated in T-cell development
and linked with T-cell function remains unclear (44).

The control of CD4 pene expression during T-cell activation
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and development has been a topic of much interest recently.
Nuclear run-on experiments show that CID4 gene expression is
controlled primarily at the transcriptional level during T-cell
development and activation (235, 35, 39). Using both transient
transfection and transgenic approaches, we and others have
identified multiple transcriptional repulatory elements in the
CDM locus (4, 13, 14, 19, 30-33, 35, 36). These regions include
a distal enhancer located 24 kb 3 of the first CDd exon and a
proximal enhancer located 13 kb 5' of the first exon (31, 32,
49); both of these enhancers function primarily in T cells. We
and others have identified a transeriptional silencer in the first
intron; this silencer element -is required for full tissue- and
cell-type-specific expression of CD4 (33, 35). In addition, we
and others have characterized the CD4 promoter region (30,
35). Using transient transfection analysis, we have determined
that the murine CD4 promoter functions at high levels in
CD4* CDE™ Ty, cells and at Jower levels in CD4~ CD8* T
cells (36). In erder to understand the contribution of the pro-
moter 1o the developmental and tissuc-specific regulation of
CD4 expression, we have sought to define all the essential
Tecognition sequences within the promoter. Using deletion
analysis, we determined previously that 101 bp 5° of the initi-
ation point of transcription is the minimal required promotgr
sequence necessary for full function and that a Myb recogai-
tion site is important for promoter activity. In this study, using
linker-scanning mutational analyscs we have defined four re-
gions within the CD4 minimal promoter that are required for
full promoter function. We demonstrate that the Myc-associ-
ated zinc finger protein (MAZ) transcription factor (5, 18, 28)
binds to one of these functionally important sites in the CD4
promoter and therefore is likely to play an imporiant role in
the contrel of CiX gene expression.

MATERIALS AND METHODS

Cell transfection 8nd maintenance. The CD4™ CDS™ T-cell clone Di0 and the
CId* CDE™ Twcell lymphoma Jurkat were maintained and transfected as de-
seribed previously {36). The relative activity of each promoter mulation pre-
sented in Fig. 1 refiects normalization to 2 control transfection of a construcl
conlaining the luciferase pene under the transcriptional control of the human
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B-actin promoler and enhancer, which funetions at high levels in this cell type
(36). Average light unit (LU) values obtained with the D30 Ty, clone were 20,000
LV for the P-actin construct and 100 LY for a2 promoterless construct. Condi-
tions for ¢ach datum point were internally controlled for transfection eficiency
by eotransfecting a construct containing the chloramphenicol acetyliransferase
gene under the control of the thymidine kinase promater.

Generation of promoter mutations. An Msel-Xhol restriction enzyme frag-
ment that containcd the minimal C4 promoter berween positions — 101 and
+71 was mutated by oligonucleotide-direcied mutagenesis as described caclier
(20, 36). Each oligonucleatide was designed ta alter a specific 3- 10 6-bp sequence
within the promoter region; all other sequences within the region were unaltered,
as determined by DNA sequencing. The mufaled promater fragments were
ctoned into the pSYOALAS' luciferase reporter vector (8) and iransfected into
the N0 CD4™ CDB™ Ty ¢lone in order 1o determine the effects of the mutalions
on premeter function.

DNast footprinting snalysis. Nuclear exiracts were purified from mousc T-cell
line 110 and human fevkemic T-cell lines CCRF-CEM and Jurkat as deserived
earlier (36, 46). DNase I footprinting was performed essentially as described
earlier {16). A mixture of end-labelled promoter fragment {positions ~ 101 to
471), 1 pug of pely(d(-dC7), and 10 pl of 10% polwiny! sleohol was incubated with
40 pg of the T-cell nuclear extracts for 15 min, A 50-ul volume of 10 mM MgCl,
and 5 mM CaCl, was added before the addition of DNase 1 aftes | min more.
The reaction was stopped by adding 20 kl of 20 mM EDTA-1% sodium dodecyl
sulfate (SDS)-0.2 M Na(i-325 pp of carrier RNA per mil, and the product was
then phenot-chloroform extracted, ethanol precipitated, and analyzed on a se-
quencing gel.

EMSAs. Each of the four funclionally defined regions was subcioned into the
plasmid vector pKS (Stratapene Cloning Svsrems, La Jolla, Calif ): site 1, con-
sisting of the sequence from — 101 1o - 78 relative 10 the cap site of the promoler
repion; site 2, from —78 vo — 34; site 3, from ~ 55 te =31; and site 4, from - 20
to +4. Probes were generated from these subclones, labelied, and incubated at
toom temperature with nuclear extracts plus 1 pg of poly(dl-dC) {Pharmacia
Biotech, Inc., Piscatewny, N.1.) in a solution of 10 mM HEPES (N-2-hydroxy-
cthylpiperazine-N'-2-cthancsulfonic acid) KOH (pH 7.8), 50 mM NaCl, 5 mM
Tris-HCI (pH 7.5), 25 mM EDTA, 1 ma dithiothreitol, and 195% glycerol, Afier
20 min, the reaction mixtures were loaded onte & 4% nondenaturing polyacryl-
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FIG. 1. Scanning mutations of the CIx minimal promoler region. (A) Se-
quence of the CIM4 promoter between —101 and +14. The inserted nuclestide
changes in ¢ach mutated promater fragmen are indicated; a solid line indicates
homology with the unmutated promoter (wp sequence). The boxed regions
indicale the cap sites. Myb | and Myb Il at¢ mutations disrupting the two Myt
binding sites {36). (B) Funclional activity of the CEM promoter mutations in
CD4" CDB™ Telt cione D10. The minimal CD4 promoler functions at high
levels in this ocll type; mutated promoter activity is expressed relative to that of
the unmutated promoter and is the average (= 2 standard deviations) of threc 10
nine independent transfections. The efficiency of cach bansfection was deter-
mined by cowansfecting the chloramphe nicol acelyitransferase gene under the
conteal of the thymidine kinase promoter. Average | U valucs obtained with the
D19 celt line were 20,000 LU for a B-actin construct and 100 LU for a promat-
crless constroct. The functional sites are indicated as numbered solid lines.

amide gel and ren ot 22°C in glycine bufler (190 mM glycine, 25 mM Tris-HC
{pH 83} 1 mM EDTA}. For electrophoreic mobility shilt assays (EMSAS), T 10
2 g of nuciear extract from the D10 or Jurkat Tcell line or of a bacterial lysate
containing the MAZ-MBF fusion prolcin (5} was incubated wilh 1.5 % 10° cpm
of the labelled prabe. The monoclonal antihods treatment of the site 2 EMSA
was carTicd out with manoclonal mouse anti-\AZ. antibody BD, the peneration
and characterization of which will be described elsewhere [37). The reaction
procedure consisied of & 30-min preincubation at room temperature of 2 pg of
D10 nuciear extract, 1 pg of poly(d1-dC}, and 10 pl of ansibody in reaction bufler
followed by a 15-min incubation with tabelied site 2 probe. Reaction mixtures
were loaded onto a 4% nandenaturing pobaendamide gel and run at 4°C in
glvcine buffer.

Sauthwestern blot analyses. Twenly micrograms of Jurtkai nuclear exiract was
resolved on an SDS-10% polyacrylaniide gel and transfenzed onito a nitrocellu-
lose membrane. Southwestern (DNA-protein) analyses were performed as de-
scribed previously (28). Rlotted proteins were denatured by incubation at 4°C for
5 min in binding bufler (20 mM HEFES [ph 7.9], 3 M MgCl,, 40 mM K¢, 1
mM dithiothreitol) containing 6 M guanidine hvdrochlotide. This solution was
serially diluted with equal volumes of binding bufler in a series of four S-min
incubations to renature the blotted proteins The filicrs were prehybridized in
binding bufflcr-5% Carnation nonfat dry milk for 30 min before overnight hy-
bridization at 4°C in binding buffer-0.25% dry milk with 10¢ cpm of *P-labelled
sile 2 probe, mutated site 2 oligonucleatide, ot a probe consisting of the Xbal-
Xhol fragment of the pKS mulliple cloning site per mi The filters were washed
in 0.25% Carnation nonfal dry nilk in binding buffer at 4°C and exposed (o X-ray
film. Apptoximate molecular weights were determined with prestained standards
{Bio-Rad Laboratories, Fercules, Calif.},

RESULTS

Four functional regions within the CD4 promoter bind T-
cell nuclear faclors. Using deletional analysis, we have detes-
mined that 101 bp of the C1}4 promoter is sufficient to pener-
ate high levels of prometer aclivity upon transient transfection
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FIG. 2. CDM4 promoter functional sites. Nucleotide sequences of the func-
Livnal-site cligenucleotides used in the EMSA cxperiments. [lemologies to
known factor recognition scquences in site 2 and site 4 (boxed regions) and bases
changed in the site 2 mutant (boldface letiers) are indicated. -

into activated CD4* CD8™ T cells. In order to identify the
cis-acting sequences within this region that are required for
promoter function, we generated a panst of mutations that
* span the complete minimal promoter region by oligonucleo-
tide-directed mutagenesis (Fig. 1A). Each promoter mutation
was cloned into the pSYQALAS" luciferase reporter vector
and transfected into the CD4™ CDE™ T-cell clone as described
above, The results depicted in Fig. 1B represent the activity of
cach construct relative to that of the unmutated minimal! pro-
moter, which functions at high levels in this cell tvpe {30}
Mutations in any of four regions reduced promoter activity by
more than 60%. We previously demonstrated that a Myb fam-
ily member binds to site 1 (36); sequence analysis revealed
homology of site 2 to the ME1al site of the Myc prometer (2)
and an Ets family consensus sequence within site 4 (31). A

A.) B.)

Extract + 4 o+ Extract -
Competitor - §2 S2 pKs - Competitor -
Fold excess - Fold excess -

326 150 300 -
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search of the National Center for Biotechnology Information
transcription factor dalabase revealed that site 3 is similar in
sequence to an NF1/CTF recognition site (12). Oligonucieo-
tides encompassing each of the four sites were used as radio-
active probes in EMSAs with nuclear extracts isolated from the
D10 CD4* CD8™ Ty <lone (Fig. 2 and 3). A single complex
was observed with each probe (Fig. 3), indicating that the
functionat sites define factor binding sites. Fach of the com-
plexes was inhibited specifically by the unlabelled probe but
not by the Xbal-Xhol fragment of the pKS muiltiple clening site
(Fig. 3} or by unlabelled probes from the other functional sites
of the promoter used for cross-competition (data not shown),

Sequence requirements for transcription initiation of the
CD4 gene. The CI}4 promoter does not contain a consensus
TATA recognition sequence. Genes without TATA sequences
are often controlled by initiator (In) sequences present at the
cap site. An lnr site consists primarily of a core YYANTYY
sequence flanked by pyrimidines (15). The sequence encom-
passing the CD4 cap site (TTCCTGTCTTTTCATTTA) con-
tains two consensus Inr sites: a downstream site surrounding
the +7 start site (TCATITA) and an upstream site at the +1
start site (TCTTTTC). Both of these sites have a 1-base mis-
match from the ideal consensus sequence; for the downstream
site, the +35 pyrimidine is an adenine, whereas for the upstream
site the +1] site is a pyrimidine, This sequence is also similar to
a consensus lymphoid enhancer factor 1 (LEF-1) recognition
site (CTNTG [46]), and we were able to footprint this region
by using bacterially produced LEF-1 protein (34). It 15 there-
fore possible that either Int proteins or LEF-1 itself is impor-
tant in the control of CD4 transcription. In order to determine
if the recognition site at the CI)4 cap site serves funclionally as
an Inr site or an LEF-1 site, we generated mutations of this
region and tested each mutation for its effects on promoter

c) .

Extract + + + -

Competitor  pxs 54

Fold excess 300 300 - -

F1G. 3. EMSA analysis of functionalty defined sites wilhin the CD4 minimal promoter. EMSA analyses with D10 nuclear extract and with the site 2 {A), site 3 (B),
and site 4 {C) oligonucizotides used a5 probes. The pasition of the specific complex formed with each probe (arrows) is indicated. Cold comperitions with the. site 2
{52), site 3 (53}, and site 4 (S4) olionucleatides and competition wilk the Xhal-Xhol fragment of the pKS multiple cloning site (pKS) are indicated. For each, the
EMSA reaction consisted of 2 20-min preincubation of nuclear extract with a 150+ 1o 300-fold excess of an unlalzlled probe followed by an addilional 20-min incubstion
with a labelled specific probe. A single specific complex was observed with each of the subcloned sites.
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FIG. 4. Footprint analysis of functional site 2, The irec probe is shown in the
right lane (Nenae); the probes incubated with nuclear extracts purified from
Jurkat and CCRF-CEM T-cell clones are shown on the left. The precise position
of the footprin¢ and i1s position within the C[34 promoter are indicated by the
bracket and sequente posilion numbers.

function (Fig. 1). The murine CD4 gene utilizes three closely
clustered initiation points of transcription. Mutation 13 alters
the +1 cap site and the upstream consensus initiator sequence.
As can be seen from the data in Fig. 1, this change resulted in
an 81% decrease in promoter activity, indicating that the mu-
tation of this region is eritical for promoter function. A muta-
tion that disrupts the consensus initiator and LEI-1 sites re-
sulted in @ significant (61%) decrease in promoter activity
(mutation 14), whereas a mutation at the same site that dis-
rupts the LEF-1 site but not the consensus initiator sites {mu-
tation 15) resulted in only a 20% decrease (mutation 15).
These data supgest that despite the presence of a consensus
site, LEF-1 is not essential for CD4 promoter function. Inter-
estingly, mutations of the +7 and +11 cap sites and surround-
ing sequences did not lead to significant decreases in promoter
activity and in fact led 10 slight increases in activity (mutations
16 and 17). These data sugpest that the +1 site is the critical
site for CD4 transcript initiation.

A T-cell nuclear factor binds to functional sitc 2 and is
critical for CD4 promoter function. Using linker-scanning
analysis, we determined that the sequences between positions
~H9 and —64 are required for full CI24 promoter function
(Fig. 1). A mutation placed within this site (mutation 2) re-
sulted in an 85% dccrease in promoter activity, whereas ni-
tations in directly adjacent regions (mutations 1 and 3) resulted
in 15 to 17% decreases (Fig. 1). These data would predict that
a transcription factor in T cells binds to this site and contrib-
utes 1o CD4 promoter function. To Study this idea, we con-
ducted DiNase: footprinting analsis on the CD4 promoter in
this region with nucicar extracts purified from the CCRF-CEM
and Jurkat CD4* leukemie 1-cell lines and with the DI
CD4* CD&™ Ty, clone (Fig. 4). We detected a footprint ex-
tending from =70 to —65 of the promoter (TGGGAGGG).
These data indicate Lhat sile 2 serves 88 a recognition site for
a nuclear factor that may be important for overall promoter
function. We also detected a specific complex when we used
site 2 as a radioactive probe in EMSA analyses (Fig. 3). This
complcx migrates in the EMSA gel at the same position as the
NF-4C factor complex that we identified previcusly as binding
to the minimal C14 promoter {36) (data not shown). When a
radioactive probe containing mutation 2 was used in an EMSa,
this complex was no longer detectable (Fig. 5), thus indicating
that the recognition site is indeed site 2. Since this same mu-
tation resulted in a significant decrease in CD4 promoter ac-
tivity (Fig. 1), these data indicale that the NF-4C nuclear factor
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FIG. 5. Nucleat factor binding site 2 sequence spesificity similarity to MAZ,
Unmutated (+/+) and mutated (M) site 2 probes were incubated with and
without {None) 1 ug of nuclear extract of [210 ar a bacterial lysate containing the
MAZ-MBP fusion protein (MAZ).

binds specifically to functional site 2 and is required for full
CD4 prometer function. In some EMSAs, we detected a
fainter complex that migrated just below the NF-4C complex
(as discussed below); the intensity of this complex was not
aflected when the mutant site 2 probe was used, This result
indicates that the factor that forms this fainter complex does
not bind to functional site 2; since no other mutations within
this region affect CD4 promoter function (Fig. 1). the signifi-
cance of this fainter complex is not clear.

The MAZ. transcription factor binds to site 2, To determine
if the NF-4C factor has been identificd previously, we have
compared known consensus sequences with the site 2 sequence
(Fig. 2). We were able to maich functional site 2 with the
consensus recognition site for transeription factor MAZ (2, 5).
In order to determine if MAZ. can recognize fupctional site 2,
we conducied an EMSA, using a bacterially produced MAZ-
MBFP fusion protein with the functional site 2 and mutant site
2 radioactive probes (Fig. 5). The MAZ. fusion protein formed
a complex with the functional site 2 probe; in addition, intro-
duction of the same mutation that abrogated NE-4C binding
also ebrogated MAZ. binding. The mobility difierence between
the endogenous MAZ and the recombinant MBP-MAZ. fusion
protein is probably due to the molecular weight differences
between these two proteins. These data indicate that MAZ is
capable of binding to the CPM4 promoter at the samc site as
NF-4C and exhibits sequence specificity in binding similar to
that of NF-4C. As described above, this mutation caused a
significant decrease in CL) promoter function; these data are
thus consistent with the hypothesis that MAZ hinding (o this
region of the CD4 promoter is required for CD4 promoter
function. ..

In order to determine the molecular weight of NF-4C,
Southwesterr analysis' of a nuciear extract from the CD4*
CDE™ T-cell line Jurkat was done with the site 2 probe. As
shown in Fig. 6 (left lane), we detected two proteins with the
site 2 probe; no signal was seen in a parallel blot probed with
the mutated MAZ site-CDD4 promoter probe (right lane) or
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FIG. 6. Southwestern anatysis of site 2. Twenty micrograms of Jurkat nuclear
exlzact was resolved by SDS-polyacrylamide gel electrophoresis. lransferred onte
a nitrocellulose memibrant and hybridized with labelled site 2 sequence (left
lane) or a labelled control probe consisting of either the mutated MAZ CD4
promoter site (right lane) or the Xbal-Xo! fragment of the pKS multiple cloning
site {data not shown}. Molecular masses were determined with both prestained
angd unstained markers. No signal was seen with either the mutated MAZ CD4
pramoter site (right panel) or the plasmid linker contral probe {data not shown).
The wwo prateins detected are indicated (arrows).

with the Xbal-Xhol fragment of the pKS multiple cloning site
(data not shown). The smaller complex is of approximately 58
kDa, which corresponds closely ta the estimated molecular
mass of MAZ (60 kDa). Thus, these data are consistent with
the theory that MAZ binds to site 2. The larger labelled pro-
tein had a molecular mass similar to that of Spl, a 106-kDa
transcription factor which recognizes the core sequence
GGGCGSG (17). Ahbkough site 2 does not contain a high-
affinity recognition site for Sp1, Spl is capable of binding at low
affinitics to a consensus sequence similar to site 2 (17). How-
ever, the alieration of the central cytosine in the $p} recogni-
tion sequence has been shown to decrease Spl binding signif-
icantly (37); in our investigations, it has been difficult to show
consistent Spl binding to site 2 (Fig. 3 and 5 and data not
shown). Nonetheless, it is possible that Spl binds to functional
site 2 as well and contributes to CD4 promoter function.

To determing if MAZ in the T-cell nuclear gxtracts binds to
the CD4 promoter, we conducted antibody ablation-supershift
experiments using D10 nuclear extracts and a monoclonal an-
tibedy directed against the MAZ transcription factor (37). This
antibody, referred to as aniibody 80, does not recognize the
zinc finger domain of MAZ and does not cross-react with Spl
(26a). As can be seen from Fig. 7, the specific complex ob-
served in the EMSA analyses of site 2 was completely ablated
by the anti-MAZ monoclonal antibody but not by the control
antibody. The fainter complex migrating below the NF.4C
complex was unaffected by the antibody treatment; together
with the data showing that this complex forms on the function-
ally inactive mutatcd site 2, this result suggests that this com-
plex is nonspecific and irrelevant to promoter function. We
have used the MEla] site feom the ¢-miye promotér in the same
assay; this site is a known MAZ site and has been vsed exten-
sively in the characterization of this transcription factor. In this
experiment, we also detected the ablation of the specific MAZ
complex {data not shown). In both assays, the MAZ complexcs
were completely ablated, indicating that the complexes formed
consist entircly of MAZ binding to the probe (Fig. 7 and data
not shown).

DISCUSSION

At least four distinct transeription factors are required for
the activity of the CD4 minimal promoter. Our mutation anal-
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FIG. 7. Anti-MAZ manoclonal antibody inhibits factor binding 10 site 2. Gel
shift reaction mixtures with sile 2 and D10 nuciear extract probes wwere prein-
cubated with 2 3- or 0.3-pl volume (amount) of the anti-MAZ moooclonal
antibody 80 culture supernatant (AntiMAZ) or isotype-matched coneeal anti
body (150) for 30 min prior to the addition of the labelled site 2 probe. The
leftmost lane contained g free probe, and the nexi lane contained the EMSA
binding reaction mixture with the silc 2 probe and D10 nuclear extract sithom
the addition of antibodies. The atrow indicates the position of the specific
complex.

yses show that four sites within the CD4 minimal promoter,
each scrving as a recognition site for a nuclear factor, are
required for full activity. We have previously shown that the
Myb recognition sequences a1 site 1 are essential for CD4
promoter activity {36); in addition, we have determined that
c-Myb can bind to this site (data not shown). Recently, Badiani
et al. generated transgedic mice by using constructs that con-
tained dominant-negative forms of the Myb transcription fac-
tor (3). These transgenic mice show significantly decreascd
populations of CD4* CD8” T cells both in the thymus and in
peripheral lymph organs; CD4~ CD8* T colls were less af-
fected. These data are consistent with our data showing that
the two Myb binding sites in the CD4 promoter are required
for full promater function in mature CI4° CDE™ T cells.
There is an Eis family consensus recognition sequence at fune-
tional site 4. Our data indicate that this sequence is in fact
critical for CID4 promoter function and thus are supportive of
the hypothesis that an Ets transcription factor is importiant for
full promoter function (30). Using UV cross-linking, we have
determined that multiple factors can bind this region, all with
molecular weights similar to those of Lits transcription factors.
However, we have been unable to demanstrate serologically
that either Ets-1 or Ets-2 binds 10 the CD4 protnoter in this
region (data not shown). It is therefore possible that either
another member of the Ets family or a novel transcription

factor with the same recognition site binds site.4 and contrib- ... . ...

utes to CD4 promoter function. We are currcntly conductmg
additional experiments 1o address these issues. - -

The CD4 promoter does not contain a functional TA'IA
recognition sequence; in TATA-less promoters, the TFIID
complex is still recruited to the template and plays an impor-
tant role in transcription initiation (27). This role is believed
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to be accomplished by protein-protein interactions between
TFIID and other promoter-bound transcriplion factors instead
of by direct protein-DNA interactions with the TATA box. The
TFIID complex is still believed to bind to the promoter, in
approximately the same position relative to the promoter as in
TATA-containing promoters (27). Although functienal site 3 is
3" to this region, it may nonctheless represent the interaction
site of the TFIID complex and the CD4 promoter. Alterna-
tively, this region could represent the binding sites of transcrip-
tion factors that have yet to be identified. We are currently
conducting experiments to address these questions,

The MAZ recognition site is critical for CD4 promoter func-
tlon, We demonstrate that a recognition site for MAZ in the
minimal CD4 promoter is essential for promoter activity, In
addition, we have demonstrated that MAZ in CD4" CD&™ T,
cell nuelear extracts recognizes this site and a mutation that
abrogates promoter activity zlso abropates MAZ binding.
From these data, we conclude that it is likely that MAZ plays
an important role in CD4 gene transcription. The MAZ tran-
scription factor binds to the c-myc P2 promoter at the MElal
site, which is essential for the control of transcriptional initiation
and elongation (2, 22, 47). Our data indicate that CD4 expression
is also likely controtled by this wranscription factor, and thus
MAX can also participate in the control of transcription of genes
that are differentially expressed in lymphoid development.

Our EMSA analysis under the conditions described clearly
demonstrates that one predominant complex is formed by us-
ing the site 2 probe and crude nuclear extract from CD4*
CDB™ Ty, D10 cells. However, other transcription factors have
been shown 1o bind to MAZ recognition sequences. As men-
tioned above, Spl can also bind to the MElal site under
certain EMSA conditions. Recently, Dufort and Nepveu (%)
demonstrated that a human homolog of the Drosophila Cut
homeodomain protein also binds to this site and represses
¢-mye promoter function. Our data indicate that the MAZ
transcription factor is clearly the major factor binding to the
CD4 promoter at site 2. I is possible, however, that these other
ME1lal-site-binding transcription factors bind to the CD4 pro-
motcr region under difleren! contexts. We and others have
previously demonstrated that the CD4 promoter is functional
at high levels in activated mature CD4* CD8™ T cells (30, 36).
The biochemical nature of this specificity is unknown; however,
it is also possible that MAZ and these other transcription
factors play a role. For example, it is possible that the mam-
malian homolog of the Cut homeodomain protein also binds to
site 2 and that its exptession in CD4™ CD8” T cells provides
a mechanism for this subclass specificity. We are turrently
conducting experiments to address these issues.

Potentisl roles of MAZ in CD4 promoter function. We have
demonstrated that the MAZ. transcription factor binds specif-
icafly to the CD4 promoter at a site that is critical for function.
We therefare think it likely that MAZ. plays an important role
in CD4 gene transcription. Other groups have reported that
MAZ can transactivate the insulin promoter in both insuli-
noma and Hel.a cells (18). However, we have been unable to
demonstrate similar transactivation in 1" cells by using the CD4
promoter. There are scveral possible explanations for these
results. First, it is possible that a factor other than MAY. is
binding to the CD4 promoter and is required for promoter

activity. Although this is a formal possibility, it should be noted. .

that we have been unable to detect other factors binding to the
CD4 promoter at this site under a.variety of conditions in
EMSAs and we therefore consider this unlikely. Second, by
Northem (RNA) analysis MAZ is expressed at high levels in T
cells (data not shown). It is thus possible either that MAZ is
not limiting in CD4 promoter function or that the high levels of
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MAZ. make it difficult to observe wansactivation in these tran-
sient transfection experiments. A third possibility, however, is
that MAZ is not acting directly as a transcriptional activator
but rather induces a bend in the DNA helix, facititating inter-
actions between other promoter-binding faclors. Recently, it
has been reported that MAZ is capable of inducing a 72°C
bend in the DNA helix upon binding to its recognition site,
which is consisient with this last theory (1). Several transcrip-
tion factors that induce bending of DNA to affeci promoter/
enhancer function have been identified, including YY1 (23)
and HMG 1Y) (40). A well-studied example of this type of
transcription factor is 1LEF-1 {41, 45, 46), which binds to the
T-cell antigen receptor a-chain enhancer and generates a 130°
bend in the DNA helix. Multimerized LEF-1 binding sites are
not themselves sufficient to stimulate the basal activity of a
heterclogous fos or tk promoter, indicating that LEF-1 is de-
peodent upon other transcriptional regulators 10 generate 2
biological effect. Finally, changes in the spacing distance be-
tween factor binding sites in the o-chain enhancer decreage
enhancer function significantly, indicating that the spacing dis-
tance and the correspanding helical position of the LEF-1 site
with respect to the other factor binding sites are critical for
enhancer function. It is imtcresting that although there are
multiple MAZ. consensus recognition sites adjacent to each
other in the CD4 promoter, only one of the sites appears to be
required for CDM4 promoter function. In addition to the core
MAZ. site described above at positions —71 o —65, there is a
consensus MAZ site from -~ 77 to — 69 and one a1 —67 to —6&1,
Despite the sequence similarity, neither of these last two sites
appears 10 function as an MAZ. recognition sit¢ in that the
mutation of either site does not appear to affect promoter
function, Thus, cither the ~71 1o ~65 MAZ recognition site
has sequence-specific requirements that are not evident in
other MAZ. sites o1, as in the LEF-] silc in Lhe a-chain ep-
hancer, the position of this site relative to the other factor
bhinding sites is critical for function. This last hypothesis is
consistent with the theory that MAZ. is playing a structural role
in CD4 promoter funciion. Further experiments will more di-
rectly address this issue.

A potential initiator recognition sequence at the CDA cap
site. Sequence analysis indicates that there are potential initi-
ator and LEF-1 consensus recognition sites at the CD4 inida-
tion point of transcription. The results of our mutagenesis
analyses are consistent with the hvpothesis that an initiator
factor binds to the CD4 cap site and is responsible in pan for
CD+ transcript initiation. Using the TdT promoter as a model
system, Javahery et al. determined that a consensus recogni-
tion sequence of YYANTYY around the initiation point of
transcription was critical for Inr function (15). In the CI4
promoter, the best consensus Inr recognition sequence has the
central adenine base at position + 7 instead of the customary
+1; however, previous analyses have indicated that Inr is fune-
tional even though the recognition is shifted slightly from the
actual start site. However, the disruption of this site does not
lead io decreased promoter funciion, whereas the mutation of
an upstream putative Ins site surrounding the 41 cap site
{TCTTTTC) results in a significant decrease in the level of
promoter activity. These data indicate that only the upstream
site functions as an in vivo Inr recognition site. However, it is

-negessary. 1o conduct a moie thoreugh analysis of the stari sites .

of each individual mutant before this function is conclusively
demonstrated. We are alse currently conducting experiments
(o characterize the factors that recognize these putative Inr
sites and contribute 1o CD4 promoter function. :
Role of the promoter in control of CD4 gene expression. In
addition 10 the promoter, at least two enhancers and a tran-
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scriptional silencer participate in the control of CD4 gene
expression {36). From transfection studies and transgenic data,
we have develpped & hierarchy model of the functional relation
among these three regulatory components of the CD4 locus.
As mientioned above, promoter activity is restricied to acti-
vated CD4" T cells and is sufficient to generate high levels of
activity (3, 14, 30), The enhancers extend expression 1o other
T-cell compartments (mature CD4~ CD8* T cells, immature
CD4* CD8* T cells, and immature CD4™ CD8™ T cells) and
potentially to other hematopoictic cells (4, 31, 35, 49), Thus,
the net effect of the two enhancers is to overrule the specificity
of the promater and extend expression to other hematopoietic
cells. Finally, the silencer suppresses enhancer activity and
inhibits expression of C)4 in inappropriate cell types. This
muoxdel proposes that the sitencer is active in CD4™ T eells and
non-T cells, but inactive in CD4™ CD&* T ¢ells, whose expres-
sion is a function of enhancer-promoter interactions. Qur anal-
ysis of the CD4 promoter and the experiments using o-Myb
dominant-negative transgenic mice (3) permit us to elaborate
on the hierarchy model. Because the promoter is the critical
controlling element for CD4 expression in mature CD4*
CD8™ T cells, the inhibitien of function of a promoter-binding
factor such as c-Myb or MAZ will disable CD4 expression in
these cells despite the presence of the enhancers. In mice
transgenic for the dominant-negative ¢-Myb construct, the
CD4* CD8™ T-cell populations were affected far more se-
verely than the other T-cell populations. In addition, T-cell
activation was profoundly affected. Thus, although the domi-
nant-pegative form of Myh inhibits CD4 expression and sub-
sequent T-cell development in all classes of T cells, the effect
is mast pronounced in the CD4* CDE™ mature T-cell popu-
lations, which is consistent with the hierarchy model. Despite
the ability of the enhancers and the silencer to after the spec-
ificity of the promoter, these data clearly demonstrate that the
promoter is still a critical element in the control of CD4 gene
expression. We are currently conducting additional studies to
determine the contributions of the promoter, cnhancers, and
silencer to the contral of CD4 during T-cell development.
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