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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 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 to
these Independent sites . We determined that an initiator-like sequence present al the cap site and an Ets
consensus sequence are required for full promoter function . We also demonstrate that the Myc-associated zinc
finger protein (MA7,) appears to be the predominant factor binding to one of these sites . This last site closely
resembles the ME1a1 G,~AG4AGs motif previously showo to bc a critical element in the P2 promoter of the
c-myc gene . 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 .
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The CD4 promoter plays an important role in the developmental control of CD4 transcription . In this report,
we show that the minimal CD4 prontoter has four factor binding sites, each or which is required for full
function. Using biochemical and mutagenesis 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 lhe Myc-associated zinc
finger protein (D7AZ) appears to be the predominant factor binding to one of these sites . This last site closely
resembles the MElal GaAGaAGa motif previously shown to be a critical element in the P2 promoter of the
c-myc gene. 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 .

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
CDB, similar accessory molecules, bind to nonpolymorphic re-
gions of major histocompatibility complex class II and class I
molecules, respectively, thus contributing to the avidity of in-
teraction between T' cells and antigen-presenting cells (38) . In
addition, thee expression of CD4 and CD8 in mature T cells
corrclatcs to T-ccll function . CD4' CD8- T cells consist of
primarily helper T cells, which regulate the immune response
by producing cytokincs, whereas CD4" C1)8' 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 class
specificity during T-cell development in the thynms . During
this process, immature T cells that migrate to the thynms
express low levels of surface CD4 only (48) . This population
first downregulates CD4 expression and then expresses both
CD4 and CDR as well as increasing amounts of cell surface
T-cell antigen receptor (10) . This CD4' CD8' (double-posi-
tive) population then undergoes the positive and negative se-
lection processos that determine both antigen and major his-
tocompatibility complex specificity and also loses expression of
either CD4 or CD8 ; onlv those T' cells that cxpress CD4 with
a class II-restricted T-cell antigen receptor or CD8 with a class
I-restricted 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 CD4 and CD8 is regulated in T-cell development
and linked with T-ccll function remains unclear (44) .

The control of CD4 gene expression during T'-cell activation

and development has been a topic of much interest recently .
Nuclear run-on experiments show that CD4 gene expression is
controlled primarily at the transcriptional level during T-cell
development and activation (25, 35, 39). Using both transient
transfcction and transgenic approaches, we and others have
identified multiple transcriptional regulatory elements in the
CD4 locus (4, 13, 14,19, 30-33, 35, 36) . These regions include
a distal enhancer located 24 kb 5' of the first CD4 exon and a
proximal enhancer located 13 kb 5' of the first exon (31, 32,
49) ; both of thcse enhancers function primarily in T cells . Wc
and others have identified a transcriptional silencer in the first
intron ; this silencer clement is required for full tissuc- and
cell-type-specific expression of CD4 (33, 35) . In addition, we
and others have characterized the CD4 promoter region (30,
36) . Using transient transfection analysis, we have determined
that the murine CD4 promoter functions at high levels in
CD4' CD8- Trt cells and at lower levels in CD4- CD8' Tc
cells (36) . In order to understand the contribution of the pro-
moter to the developmental and tissuc-specific regulation of
CD4 expression, we have sought to define all the essential
recognition 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 promoter
sequence necessary for full function and that a Myb recogni-
tion site is important for promoter activity. In this study, using
linker-scanning mutational analyses 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 inlportant role in
the control of CD4 gene expression .

' Corresponding author. Mailing address : IIIISC 639, Department
of Microbiology, Columbia University College of Physicians and Sur-
geons, 701 West 168th St ., New York, NY 10032 . Phone : (212) 305-
2743. Fax : (212) 305-1468. Electronic mail address : siu@cusiu3.cc< .
columbia .edu .
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CelllranslMion end melntenance 7Tt QtC' CD6- T-cell clone D10 and the
CDt' CDs- T-ttlllymphoma Jurkat rrcre maintained and transfected as de-
scribed praiously (36) . The relative activity of each promoter mulation pre-
sented in Fig . I reflcas normaltration to a controltransfcciion of a ronsnuci
mnlaining the luciferasc gcnc under the transcriptional control of the human
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B-aelin promoter and enhancer . which functions at high levels in this cell typc
(36) . Average light unit (LU) values obtain<d with the DIO Tu clone were 20,000
LU for the il-actin construct and 100 LU for a promoterless construct

. Condillons for each datum point were Intemalk controlled for transfection edreienry
by eotransfecting a construct containing the chloramphenicul acetyhransferase
gene under the control of the Ihymidine kioase promoter.

Generation of promoter mutations. An .Nid-Xhot restrlttion enzyme frag .
ment that contained the minimal CD4 promoter between positions -101 and
+71 was mutated by oligonucleotide-0ireclnd mutagenesis as described earlier
(20, 36) . Each oligonudeotide was designed to alter a specific 3Io 6-bp sequencc
within the promoter region ; all other sequences within the region were unahered,
as determined by DNA sequencing. The mutated promoter fragments were
eloned into the pSVOA1d5' luciferasc reponer vector (8) and trznsfeettd into
the DIO CO4' CDS- T'x clone in order ro dctetmine the effects of the mutations
on promoter function .

DNsse foetprinling analysia. Nuclear enram were purified fro .. . . . . av T<ell
line DIO and human leukomic Taell Ilnes CCRF'-CEM and Jurkzt as desrnlmd
earlier (36, 46) . DNase I foutprintlng uaz performed essentially as described
earlier (16) . A muture of end-labelled promoter fragment (positions - 101 to
a 71). I pg nf poly(dbdC), and 10 fd of In'-% polwinyl atcehol was incubated with
40 pg of the Ttell nutlexr extracts for 15 min . A 50,1 volume of ]0 mM MgCla
and 5 mM CaClr was added befote the addition of DNase I after I min more .
The reaction was stopped by adding 90 pl of 20 mM EDTA-1 %aMlum dodecyl
sulfate (SDS)-0.2 M NaCI-325 yg of urrlar RNA per ml, and the product was
then phennlthlorufurm extrxcted, ethanol precipitated, and analyxed on a se
quencing gel,

EhfSAs . Each of lhe four funclionxlly defined regions was subcloned into the
plasmid vector pKa (Strxtsgene Cloning S)vems, La Jolla, CaIIfJ : site l, cum
sisting of the sequence from -101 m-VN raauve so the cap site of the promoler
region ; site 2 . front -78 m-54 ; site 3, from -55 to -31 ; and site 4, from -20
to +4. Probes were generated front these subdones,-Ixbelled, and incubated at
room temperature with nuclear extracu plus I µg of poly(dl-dC) (Phannacia
Biotech, Inc ., Piscataway, NJ.) in a solution of 10 mM rInPCS (N-2-hydroxy-
ethylpipefazine-N'-2<thenesulfonic acid) BOtI (pH 7 .9), 50 mM NaCI, 5 mM
Tria.HCl (plt 7.5), 25 mM BL]TA-] mhf dithimhreitol, and ]0%glyreroL After
20 miq the reaction mutureswere luaded onto a 4 m nondcnaturing polyacryb

Mol- ( pLJ . BIOL

u u N

FIG. 1 . Scanning mutations of the CUf minimal promoter region. (A) Se-
quenct of the CD1 promoter between -101 and +14 . The inscrled nudeotide
changes in each mutated pronmter fragment are indicated, a solid Ilne indicates
homology with the unmuteted promoter (top sequ<na) . Ile boxed regions
indicate the cap sites . hlyb I and Myb 11 are mutations disrupting the Mo Myb
binding sites (36) . (B) Funaional activitv of the C[u promoter mutatlons in
CPS' CDB- 7<ell clone DIQ The minimal CD4 pmmoter functions at high
Icrcls in ehis cell typc ; mutated promotir aabitv is expreised relative to that of
the unmutated promoter and is the average (c'2 standard deviations) of threc to
nine independent Iransfections . Ile <fGdcnoof cadi uanafectiun wav daer-
mined by eotransfecling Ihe chlorzmpheniwl xcekltransferase gene under the
control of the thyntidine kinasc promoter . Avera¢e L U values obtained with the
DIO cell line were 20,OC0 LU for a p-sctin ronstruct and 1(q LU for a promou-
erleu eonstrucr Ile functional aites are indtared as numbee<d solid lina .

amidr gel and run at 22°C in glycine bufler (IW mkl glycine, 25 mM 7r's-HC1
(pH 831, 1 mM EDTA) . For eteclrophoreGc n,obilitv shift assays (EMSAS),1 to
2 ug of nuctear extract from the Dl0 or Jurtet Tanell line or of x bxcterial lysem
wmaining the MA7.MBP fuxlon prntein (5) was incubamd with IS X 10° epm
of the labelled probe .7he monoclonal znutad, treatment of the sim 2 EbISA
was carricd out with monodonal mouse antidt.i7 antibody 80, the generation
and characterization of which will be described elsewhere (37) . The reaction
procedure consisted of a 30-min preincubatiun v room temperature of 2 µg of
D IO nudesr enract,l pg of poly(dl-dC), and 10 yl of ansibndy in reaction buHa
followxd by z]5 ntin incuba6on with labelled site 2 probe . Reaction mixtures
were loaded omo a 4% nondcnmvring pohsnaamidc gal and run at 4°C in
glydne bu&r .

Southwestern blol analyses . Twenry microerants of Jurkat nudear extract was
resolved on xn 5DS10°o polyzcaylaniide gel and nanKened onto a nitrnullu-
lose membrane . Southwestern (DNApmtein) anahxs wem perfnmsed as de .
scrilxd previously (I$). Blotted protelns were denatured by incubation at 4°C for
5 min in binding bu&r (20 mM l1EPE5 (pH 7 .91, 3 mM MgCls, 40 mM KQ I
mM dithiothreitol) containing 6 hl guanidine hpdrahloride . lhis solution was
serielly diluted with equal volumes of bindinc buffer in a series of four 5-m(n
incubxrions to reneNre the blotted proteins . Ile filtue were prehybridbed in
binding boHer-SG. Camelion nonfat dry milk for 30 m{n bcfore ovemight Ly-
bridaation at 4°C in binding buNer-0 .25c.b dry mflk with ln° epm of °=P-labellcd
sile 2 probe, mutated siro 2 oligonucleotide, or a probe consisting of the Xbnl-
Xhot fragment of the pL-S multiple clnning site pcr ml . Ile filters wer<washed
in 0.23So Camxtion nonfat dry milk in bindm¢ buffer al4°C and exposed to X-ray
film . Appm.imzte molecolar weights were detennined with precrxined standards
(Bio-Red Inborxrories. 1I<rcutes, Calif .),

RIiSU1.7s

Four functional regions within the CDJ promutcr bind T•
cell nuclear factors . Using deletional analysis, we have deter-
mined that 101 bp of the CD4 promoter is sufficient to gener-
ate high levels of prornoter activity upon transient transfection
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-TS MAZ -54
Funcnanal site #2 MGGGGGT GG GGGACTCCT

'GTrGACCCCG

-78

fCCCTG4GGA ..T

34

FusMiauleiseN2mutant CT~'~'C'T ' GACTCCt
GT:GACCCCG

-ss

CCCTGRGGSCI

-n
Functional site p3 CIGAGG~CTGGCTTACGTCCGCCG:

GACTCCCCACCGAATGCAGGx,GCA

-2a ETS
Funaionalsitep4 CTwccAC

GACTGCT
cTlCCr'GT T::
CGA4GGACA

FIG . 2 . CD4 promoter functional sites. Nucleotide sequences of the func-
tional-site ofigonuoleotides used fn the EMSA eaperimenLs . Ilomologies to
known fattorrecognition sequences in site 2 and sile4 (boxed regions) and bases
changed in the site 2 mutant (Iroldfaa letters) are indiceted. "

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 panel of mutations that

- span the conlplete minimal promoter region by oligonucleo-
tide-directed mutagenesis (Fia lA) . Each promoter mutation
was cloned into the pSVOALAS' luciferase reporter vector
and transfected into the CD4- CD8- T-cell clone as described
above . The results depicted in Fig. 1B represent the activity of
each construct relative to that of the unmulated nlinimal pro-
moter, which functions at high levels in this cell type (36).
Mutations in any of four regions reduced promoter actirity by
more than 60% . We previously demonstrated that a Myb fam-
ily member binds to site 1 (36) ; sequence analysis recealed
homolocv of site 2 to the ME1a1 site of the Myc promoter (2)
and an Ets family consensus sequence within site 4 (30) . A

C.)
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Extract - • 1 • +

Competitor - 62 52 paa -
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search of the National Center for Biotechnology Information
transcription factor database revealed that site 3 is similar in
sequence to an NFl/CPF recognition site (12) . Oligonucleo-
tides encompassing each of the four sites were used as radio-
active probes in EMSAs with nuclear extraas isolated from the
D10 CD4' CD8- 7'if clone (Fig. 2 and 3) . A single complex
was observed with each probe (Fig. 3), indicating that the
functional sites define factor binding sites . Fach of the com-
plexes was inhibited specifically by the unlabelled probe but
not by theXbol-Xhol fragment of the pKS multiple cloning 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 eon .sensus
TATA recognition sequence . Genes without TATA sequences
are often controlled by initiator (Inr) sequences present at the
cap site . An Inr site consists primarily of a core YYANTYY
sequence flanked by pyrimidines (15) . 7he sequence encom-
passing the CD4 cap site (uTCCFGTCITTT'CATTTA) con-
tains two consensus Inr sites : a downstream site stlrrounding
the +7 start site (TCATTI'A) and an upstream site at the +1
start site (TC7TFfC) . Both of these sites have a 1-base mis-
match front the ideal consensus sequcncc ; for the downstream
site, the +5 pyrimidine is an adenine, whereas for the upstream
site the +1 site is a pyrimidine . This sequence is also similar to
a consensus ly7nphoid enhancer factor 1(LEF-1) recognition
site (CTNTG 146)), and we were able to footprint this region
by using bacterially produced LLF-1 protein (34) . It is there-
fore possible that either Inr proteins or LEF-1 itself is impor-
tant in the control of CD4 transcription . In order to determine
if the recognition site at the CIl4 cap site serves functionally as
an lnr site or an LEF-1 site, we generated mutations of this
region and tested each mutation for its effects on promoter

Extract - 4 4 4

Competitor - - ss DKs

Fold excess - - aoo aoo

Fold excess wo aoo

F7G . 3 . EMSA analysis of funclionaay defined sites wilhin the CDI minimal promoter . EMSA analyses with nl0 nuclear extract and with the site 2(A), site 3(B),
and site 4(C) oligonuciemides used as probes . Thc position of the specific complex fomied with each probc (erroxx) is indicated . Cold rompcsitions wish We .site 2
(S2), site 3(53), and site 4(S4) oligonuclcotitles and competition uiN the Xbal-Xhol fragmenl of the pKS multiple cloning site (pKS) are indicated . Eor each, the
EMSA reaction consis¢d of a 20.min preincubation of nuclcar entraa with a 150 to 300-feld excess of an unlabelled probe follow<d by an addilional 20.min incvbxtion
with a labelled specific probe. A single speci8c mmples was obscrved with each of the subcloned sites .
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FIG . 4. Footprint analysis of functional site 2 . The free probe is shown in the
right lane (None); the probes incubated with nuclear enracts purlfied from
Jnrket and CCRI'-CEM T-ccll cloncs ano shown un the Ieft . The precise position
of the footpdm and ils position within the CD4 promoter arc indicated by the
brscket and sequence position 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 critical for promoter function . A muta-
tion that disrupts the consensus initiator and LEp-1 sites re-
sulted in a 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°o decrease (mutation 15) .
These data suggest 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 to slight increases in activity (mutations
16 apd 17). These data suggest that the +] site is the critical
site for CD4 transcript initiation .

A T-cell nuclear factor binds to functional site 2 and is
critical for CD4 promoter function . Using linker-scanning
analysis, we determined that the sequences between positions
-69 and -64 are required for full CD4 promoter function
(Fig . 1) . A mutation placed within this site (mutation 2) re-
sulted in an 85% decrease in promoter activity, whereas mu-
tations in directly adjacent regions (mutations I and 3) resulted
in 1S to 17% decreases (Fig . 1) . These data would predict that
a transcription factor in T cells binds to this site and contrib-
utes to CD4 promoter function. To study this idea, we con-
ducted DNnsn footprinting analy~is on the CD4 promoter in
this region with nuclear extracts purified from the CCRF-CEM
and Jurkat CD4+ leukemic l-ce11 lines and with the D10
CD4+ CDS- Trr clone (Fig . 4) . \Ve detected a footprint ex-
tending front -70 to -65 of the promoter (TGGGAGGG) .
These data indicate that site 2 serves as 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
complex migrates in the EMSA gel at the same position as the
NF-4C factor complex that we identified previously as binding
to the minimal CD4 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 indicate that the NF'-4C nuclear factor

FI2 5 . Nudear fanor binding sim 2 sequence spccificity aimilarity to MAZ
Unmutated (+f+) and mutated (M) site 2 probes wcre incubated with and
without (None) I PK of nuclear extract of 010 or a bacrerlat lysatc conteining the
MAZ-MBP fusion protein (MAZ) .

binds specifically to functional site 2 and is required for full
CD4 promoter 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
affected when the mutant site 2 probe was used . 7his 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 bind s to site 2 . To determine
if the NF-4C factor has been identified previously, we have
compared known consensus sequences with the site 2 sequence
(Fig . 2). We were able to match functional site 2 with the
consensus recognition site for transcription factor MAZ (2, 5) .
In order to determine if MAZ can recognize functional site 2,
we conducted an EMSA, using a bacterially produced MAZ-
MBP fusion protein with the functional site 2 and mutant site
2 radioactive probes (Fig. 5) . The MAZ fusion protein formed
a contplex with the functional site 2 probe ; in addition, intro-
duction of the same mutation that abrogated NF-4C binding
also abrogated MAZ bindlrrg. The mobility difference 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 CD4 promoter at the same site as
NF-4C and exhibits sequencee specificity in binding similar to
that of NF-4C. As described above, this mutation caused a
significant decrease in CD4 promoter function ; these data are
thus consistent with the hypothesis that MAZ- binding to this
region of the CD4 promoter is required for CD4 promoter
function . .

In order to determine the molecular weight of NF-4C,
Southwestern analysis of a nuclear extract from the CD4+
CD8- T-cell line Jurkat was done with the site 2 probe . As
shown in Fig . 6(lefl lane), we detected two proteins with the
site 2 probe ; no signal was seen in a parallel blot probed with
the mutated MAZ site-CD4 promoter probe (right lane) or

PUBL I CA 1 I OPI r (]054343

60046781Source: https://www.industrydocuments.ucsf.edu/docs/jlvx0067



VoL. 15, 1995

110KD-->

5aKD -->

ti£

FIG . 6. Southwestern analysis of site 2 . Twenty micrograms of 2urkat nuclear
extracl was resolved by SDS-polyanylamide gel eledrophoresis . lransferred onto
a nitrocellulose membrane and hybridizcd wilh labelled site 2 sequence (left
lane) or a labelled conlrol probe consisting of either the mutated MAZ CD4
promoter sile (right lane) or Ihe Xbal-Xhot fragment of the pKS multiple cloning
site (data not shown). Molecular mases were detemtined with both prestained
and unstained markers. No signal was seen with either the mutated MAZ CD4
promoter site (right panel) or the plaanid linkermntrol probe (data not shown) .
The two proteins detected are indicated (arrows) .

with the XAaI Xhol fragment of the pKS multiple cloning site
(data not shown) . The smaller complex is of approximately 58
kDa, which corresponds closely to 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
GGGCGG (17) . Although site 2 does not contain a high-
affinity recognition site for Spl, Sp] is capable of binding at low
affinities to a consensus sequence similar to site 2 (17) . How-
ever, the alteration of the central cytosine in the Sp] recogni-
tion sequence has been shoun to decrease Spl binding signif-
icantly (37) ; in our investigations, it has been difficult to show
consistent SpI 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 CU4 promoter function .

To determinee if MAZ in the T-cell nuclear extracts binds to
the CL)4 promoter, we conducted antibody ablation-supershift
experiments using D10 nuclear extracts and a monoclonal an-
tibody directed against the MAZ transcription factor (37) . This
antibody, referred to as antibody 80, does not recognize the
zinc finger domain of MAZ and does not cross-react v .4th Spl
(26a) . As can be seen from Fie . 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 complez migrating below the NF-4C
complex was una8ected by the antibody treatment ; together
with the data showing Ihat this complex forms on the function-
ally inactive mutated site 2, this result suggests that this com-
plex is nonspecific and irrelevant to promoter function . We
have used the MElal site from the c-nryc promoter in the same
assay ; this site is a known MAZ- sitc and has been used exten-
sively in the characterization of this transcriptionfaclor .In this
experiment, we also detected the ablation of the specific MA"!,
complex (data not shown) . In both assays, the MAZ complexes
were completely ablated, indicating that the complexes formed
consist entirely of MAZ binding to the probe (Fig . 7 and data
not shown) .

DISCUSSION

At least four distinct trsnscription factors are required for
the activity of the CD4 minimal promoter . Our mutation anal-

A MA7 BINDING SITE IN THE CD4 PROMOTER 3183

FIG . 7 . Anti-bU17. monoclonal antibody inhibits factor binding to slte 2 . Gel
shift reaction minures with site 2 and DIO nuclcar exvact probes w<re prdn-
cubetcd with s 3or 0 .3-p1 volume (amount) of the anti-MA7Z monoclonal
antibody 80 culture supernatanl (AntiMAZ) or isotype-matchcd mnrrol anu .
body (ISO) for 30 min prior to the addition of the labelled site 2 probe . The
leftmost lane contained a free probe, and the nen lane contained the EMSA
binding reaction mtvlure with the site 2 probc and DIO nuclear extract without
the addition of antibodies. The srrow indicates the position of the specific
cnmplexx

yses show that four sites within the CD4 minimal promoter,
each serving as a recognition site for a nuclear factor, are
required for full activity. We have previously shown that the
Myb recognition sequences at site I 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 transgenic mice by using constructs that con-
tained dominant-ncgative forms of the Myb transcription fac-
tor (3). These transgenic mice show significantly decreased
populations of CD4' CD8- 7' cells .both in the thymus and in
peripheral lymph organs ; CD4- CD6' T cells were less af-
fected . 7'hese data are consistent with our data shoxin4 that
the two Myb binding sites in the CD4 promoter .arc required
for full promoter function in mature CD4' CU8- T cells .
There is an Ets famil-v consensus recognition sequence at func
tional site 4 . Our data indicate that this sequence is in fact
critical for CD4 promoter function and thus are supportive of
the hypothesis that an Ets transcription factor is important 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 Ets transcription factorc.
Ilowever, we have been unable to demonstrate scroloeically
that either Ets-1 or F-ts-2 binds to the CD4 promoter in this
region (data not shown). It is therefore possible that either
another menlber 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 currently conducting
additional cxperiments to address these issues .

----- The CD4 promoter does not contain a functional TATA
recognition sequence ; in TA7'A-less promoters, the IFIID
complex is still recruited to the template and plays an impor-
tant role in transcription initiation (27) .'lhis role is believed
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to be accomplished by protein-protein interactions between MA'LZ make it difficult to observe iransactivation in these tran-
TFIID and other promoter-bound transcription factors instead sient transfection experiments . A third possibility, however, is
of by direct protein-DNA interactions with the TATA box. The that MAZ is not acting directly as a transcriptional activator
TFIID complex is still believed to bind to the promoter, in but rather induces a bend in the DNA helix, facilitating inter-
approximately the same position relative to the promoter as in actions between other promoter-binding factors . Recentl,v, it
TATA-containingpromoters(27) .Althoughfunetionalsite3is has been .reponed that MAZ is capable of inducing a 72°C
5' to this region, it may nonetheless represent the interaction bend in the DNA helix upon binding to its recognition site,
site of the TFIID complex and the CD4 promoter. Alterna- which is consistent with this last theory (1) . Several transcrip-
tively, this region could represent the binding sites of transcrip- tion factors that induce bending of DNA to affect promo®r/
tion factors that have yet to be identified . We are currently enhancer function have been identified, including YYI (23)
conducting experiments to address these questions . and HMG 1/(Y) (40). A well-studied example of this type of

The MAZ recognition site is critical for CD4 promoter func- transcription factor is LF.F-1 (41, 45, 46), which binds to the
tlon. We demonstrate that a recognition site for MAZ in the T-cell antigen receptor a-chain enhancer and generates a 130°
minimal CD4 promoter is essential for promoter activity . In bend in the DNA helix . Multimerized LEF-1 binding sites are
addition, we have demonstrated that MAZ in CD4' CD8- TH not thentselves sufficient to stimulate the basal activity of a
cell nuclear extracts recognizes this site and a mutation that heterologous jos or tk promoter, indicating that LEF-1 is de-
abrogates promoter activity also abrogates MAZ binding . pendent upon other transcriptional regulators to generate a
From these data, we conclude that it is likely that MAZ plays biological effect . Finally, changes in the spacing distance be-
an important role in CD4 gene transcription . The MAZ tran- tween factor binding sites in the a-chain enhancer decrease
scription factor binds to the c-myc P2 promoter at the MElal enhancer function significantly, indicating that the spacing dis-
site, which is essential for the control of transcriptional initiation tance and the corresponding helical position of the LEF-1 site
and elongation (2, 22, 47). Our data indicate that CD4 expression with respect to the other factor binding sites are critical for
is also likely controlled by this transcription factor, and thus enhancer function . It is interesting that although there are
MAZ can also participate in the control of transcription of genes multiple h4A7, consensus recognition sites adjacent to each
that are diBerentially expressed in lymphoid development, other in the CD4 promoter, only one of the sites appears to be
Our EMSA analysis under the conditions described clearly required for CD4 promoter function . In addition to the core

demonstrates that one predominant complex is formed by us- MAZ site described above at positions -71 to -65, there is a
ing the site 2 probe and crude nuclear extract from CD4` consensus MAZ site from -77 to -69 and one at -67 to -61 .
CD8- Trt D10 cells. However, other transcription factors have Despite the sequence similarity, neither of these last two sites
been shown to bind to MAZ recognition sequences. As men- appears to function as an MAZ recognition site in that the
tioned above, SpI can also bind to the MElal site under mutation of either site does not appear to affect promoter
certain EMSA conditions . Recently, Dufort and Nepveu (9) function . Thus, either the -71 to -65 MAZ recognition site
demonstrated that a human homolog of the Drosophila Cut has sequence-specific requirentents that are not evident in
homeodomain proteinn also binds to this site and represses other MAZ sites or, as in the LEF-1 site in the a-chain en-
c-myc promoter function . Our data indicate that the MAZ hancer, the position of this site relative to the other factor
transcription factor is clearly the major factor binding to the binding sites is critical for function . This last hypothesis is
CD4 promoter at site 2 . It is possible, however, that these other consistent with the theory that MA7Z is playing a structural role
M61a1-site-binding transcription factors bind to the CD4 pro- in CD4 promoter function . Further experiments will more di-
moter region under different contexts . We and others have rectly address this issue .
previously demonstrated that the CD4 promoter is functional A potential initiator recognition sequenre at the CD4 cap
at high levels in activated mature CD4' CD8- T cells (30, 36) . site. Sequence analysis indicates that there are potential initi-
The biochemical nature of this specificity is unknown ; however, ator and LEp-I consensus recognition sites at the CD4 inieia-
it is also possible that MA7, and these other transcription tion point of transcription . 7he results of our mutagenesis
factors play a role . For example . it is possible that the mam- analyses are consistent with the hypothesis that an initiator
malian homolog of the Cut homeodomain protein also binds to factor binds to the CD4 cap site and is responsible in pan for
site 2 and that its expression in CD4- CDS' Tc ; cells provides CD4 transcript initiation . Using the 7iIT promoter as a ntodel
a mechanism for this subclass specificity . We are currently system, Javahery et al . determined that a consensus rcco¢ni-
conducting experiments to address these issues . tion sequence of YYANTYY around the initiation point of

Potential roles of MA7Z in C:Il4 promoter function. We have transcription was critical for Inr function (15) . In the CD4
demonstrated that the MAZ transcription factor binds specif- promoter, the best consensus Inr recognition sequence hac the
ically to the CD4 promoter at a site that is critical for function. central adenine base at position i 7 instead of the customary
We therefore think it likely that MA7. plays an important role +1 ; however, previous analyses have indicated that Inr is func-
in CI74 gene transcription . Other groups have reported that tional even though the recognition is shifted slightly fronr the
MAZ can transactivate the insulin promoter in both insuli- actual start site . However, the disruption of this site does not
noma and HeLa cells (18) . However, we have been unable to ]ead to decreased promoter function, whereas the mutation of
demonstratcsimilartransactivationinTcellsbyusingtheCD4 an upstream putative Inr site surrounding the 4 1 cap site
promoter . lhere are several possible explanations for these (T('ITTCC) results in a significant decrease in the level of
results. First, it is possible that a factor other than MAZ is promoter activity . These data indicate that only the upstrram
binding to the CD4 promoter and is required for promoter site functions as an in vivo Inr recognition site. However, it is
activity. Although this is a formal possibility, it should be noted . .- .necessary.toconduct a marc thorough analysis of the start sites - .
that we have been unable to detect other factors binding to the of each individual mutant before this function is conclusively
CD4 promoter at this site under a variety of conditions in demonstrated . We are also currently conducting experiments
EMSAs and we therefore consider this unlikely . Second, by to characterize the factors that recognac thesc putative Inr
Northern (RNA) analysis MAZ is expressed at high levels in T sites and contribute to CD4 promoter function . -
cells (data not shown). It is thus possible either that MAZ is Role of the promoter in control of CW gene expression . In
not limiting in CD4 promoter function or that the high levels of addition to the promoter, at least two enhancers and a tran-
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seriptional silencer participate in the control of CD4 gene
expression (36) . From transfection studies and transgenic data,
we have developed a hierarchy model of the functional relation
among these three regulatory components of the CD4 locus .
As mentioned above, promoter activity is restricted to acti-
vated CD4' T cells and is sufficient to generate high levels of
activity (3, 14, 36). The enhancers extend expression to other
T-cell compartments (mature CD4- CD8' T cells, immature
CD4' CD8' T cells, and immature CD4- CD8- T cells) and
potentially to other hematopoietic cells (4, 31, 35, 49) . Thus,
the net effect of the two enhancers is to overrule the specificity
of the promoter and extend expression to other hematopoietic
cells . Finally, the silencer suppresses enhancer activity and
inhibits expression of CD4 in inappropriate cell types . This
model proposes that the silencer is active in CD4- 7' cells and
non-T cells, but inactive. in CD4' CD8' T Cells, whose. expres-
sion is a function of enhancer-promoter interactions . Our anal-
ysis of the CD4 promoter and the experiments using c-Myb
dominant-negativc 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 inhibition of function of a promoter-binding
factor such as c-Myb or MAZ will disable CD4 expressi0n in
these cells despite the presence of the enhancers . In mice
transgenic for the dominant-negative c-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 donri-
nanl-negative form of Myb inhibits CD4 expression and sub-
sequent T-cell development in all classes of T cells, the effect
is most pronounced in the CD4' CD8- mature T-cell popu-
lations, which is consistent with the hierarchy model . Despite
the ability of the enhancers and the silencer to alter 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, enhancers, and
silencer to the control of CD4 during T-eell development .
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