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The CT/GC-rich region (-76 to -47) is one transcriptional regulatory region of the interleukin-3 (IL-3) gene

which confers basic transcriptional activity and responds to trans-activation by human T-cell leukemia virus
type I-encoded Tax. We isolated three types of cDNAs encoding CysJHis2-type zinc finger proteins that bind
to this region. Two were identical to known transcription factors, EGR1 and EGR2, and the other clone, named
DB1, encoded a novel protein of 516 amino acids with six zinc finger motifs. DB1 mRNA was present in human
tissues, ubiquitously. Two constitutive transcripts of 4.0 and 4.8 kb in length were present in Jurkat cells.
Electrophoretic mobility shift assay, with specific antibodies, showed that DB1 constitutively binds to this
region whereas EGRI binds in a T-cell activation-dependent manner. Overexpression of DB1 in Jurkat cells
had no detectable effect on the transcription activity of the IL-3 promoter, in a transient-transfection assay.
EGR1 and EGR2 increased IL-3 promoter activity when the transfected cells were stimulated with phorbol-
12-myristate-13-acetate and A23187. When DB1 was cotransfected with a Tax expression vector, transcription
activity of the IL-3 promoter induced by Tax was significantly increased, while EGRI and EGR2 were without
effect. These results suggest that EGR1 has a role in inducible transcription of the IL-3 gene, while DB1
sustains basal transcriptional activity and also cooperates with Tax to activate the IL-3 promoter.

Interleukin-3 (IL-3) is a hemopoietic growth factor support-
ing the proliferation and differentiation of early precursors of
the myeloid, erythroid, monocytic, and megakaryocytic cell
lines (36). The human IL-3 gene is located on chromosome 5,
and its transcription is induced in activated T cells. IL-3,
expressed in a tissue-specific manner, is restricted to antigen-
stimulated helper T cells, natural killer (NK) cells, and immu-
noglobulin E (IgE) cross-linked mast cells (26, 32, 42).

T-cell activation can be mimicked by treatment with phor-
bol-12-myristate-13-acetate (PMA) and calcium ionophore
(A23187). PMA and A23187 treatment leads to activation of
various transcription factors as well as to production of lym-
phokines, including IL-2, IL-3, and granulocyte-macrophage
colony-stimulating factor (39). The 5' upstream regulatory
region of the human IL-3 gene has been well studied, and
elements that account for inducible as well as constitutive
expression of the gene have been identified (6, 15, 21, 25, 28,
35). The AP1 binding site (-301 to -295) and the NF-IL3-A/
ACT-1 binding site (-156 to -147) were found to be stimu-
lation-responsive elements in Jurkat, MLA144, and primary
human T cells. Transcription of the IL-3 gene is also negatively
regulated by NIP (-271 to -250), an element which is
recognized by a negatively acting protein complex. We previ-
ously identified the CT/GC-rich region, at position -76 to
-47, and found it to be required for basal promoter activity of
the human IL-3 gene in vitro (25) and also for basal transcrip-
tional activities on heterologous promoters in vivo (15). We
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also reported that the CT/GC-rich region serves as a respond-
ing element for human T-cell leukemia virus type I-encoded
Tax (25). Thus, the CT/GC-rich region is one of the essential
elements for the IL-3 promoter. Electrophoretic mobility shift
assay (EMSA) with the CT/GC-rich region gave rise to several
DNA-protein complexes, thereby indicating that the DNA-
binding protein(s) that bind to this region is present in the
nuclear fraction of Jurkat cells (25). Mutation analysis indi-
cated a good correlation between specific DNA-binding activ-
ity and in vitro transcriptional activity (25).
We report here the cloning and characterization of cDNAs

encoding binding proteins for the CT/GC-rich region. One of
the cloned genes encoded a novel zinc finger protein, DB1.
The possible involvement of DB1 protein as well as EGR1 and
EGR2 in the transcription of the IL-3 gene is discussed.

MATERIALS AND METHODS

cDNA libraries. The Agtll expression library of stimulated
Jurkat cells was provided by Kyoko Yokota and Naoko Arai
(DNAX Research Institute). It is a unidirectional cDNA
library constructed by using the Riboclone cDNA synthesis
system and Agtll EcoRI-NotI arms (Promega).

Southwestern (DNA-protein) screening. The method of
Southwestern screening we used has been described elsewhere
(34). An oligonucleotide with three tandem repeats of the
recognition sequence at positions -76 to -50 (CCTCCCCC
CGCCTTGCCCCTCCCCCCGCCTTGCCCCTCCCCC
CGCCTlGCC; underlined sequence is one unit) was synthe-
sized and labeled by Klenow reaction with [at-32P]dGTP (Am-
ersham). IL-3 upstream monomer probe covering positions
-100 to -39 was also synthesized and was used to confirm the
binding. After partial sequencing of the positive clones, the
fragments were labeled and used as probes to screen a cDNA
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library of activated Jurkat cells in order to obtain full-length
clones.

Sequencing and homology search. Sequencing was done
after subcloning into pBluescript II KS (-) (Stratagene) with
Sequenase (U.S. Biochemicals). The homology search was
done with the FASTA and TFASTA programs of the GenBank
(release 79.0) and EMBL (release 35.0) databases (31).

Plasmids and oligonucleotides. Oligonucleotides used for
EMSA are listed below. Mutated nucleotides are underlined.

CT/GC-wild 5'-GATCCCTCCCCCCGCCTTGCCCGGGGTTGTGGGA-3'
(wild type) 3'-GGAGGGGGGCGGAACGGGCCCCAACACCCTCTAG-5'

CT/GC-mutl 5 '-GATCCTAGACCCCGCCTTGCCCGGGGTTGTGGGA-3'
3'-GATCTGGGGCGGAACGGGCCCCAACACCCTCTAG-5'

CT/GC-mut2 5'-GATCCCTCCTCTAGACTTGCCCGGGGTTGTGGGA-3'
3'-GGAGGAGATCTGAACGGGCCCCAACACCCACTAG-5'

CT/GC-mut3 5'-GATCCCTCCCCCCGCTCTAGACGGGGTTGTGGGC-3'
3'-GGAGGGGGGCGAGATCTGCCCCAACACCCGCTAG-5'

CT/GC-mut4 5'-GATCCCTCCCCCCGCCTTGCCTCTAGATGTGGGC-3'
3'-GGAGGGGGGCGGAACGGAGATCTACACCCGCTAG-5'

CT/GC-mut5 5'-GATCCCTCCCCCCGCCTTGCCCGGGGTTCTAGAC-3'
3'-GGAGGGGGGCGGAACGGGCCCCAAGATCTGCTAG-5'

PCR primers for IL-3, DB1, and 3-actin were synthesized as

follows; numbers correspond to the position relative to the
translation initiation site.

IL-3 sense 5'-CTCCTGCCGATCCAAACATGAG-3' (-17 to +5)
antisense 5'-AGAGGTTTCAGAAGTTCTGCTG-3' (558 to 537)

DB1 sense 5'-TCTCAATCGACACAAGCTCT-3' (527 to 546)
antisense 5'-AGATGTTACATGATACCTTG-3' (837 to 818)

,B-actin sense 5'-GAGAAGAGCTATGAGCTGCCT-3' (709 to 729)
antisense 5'-TTCTGCATCCTGTCAGCAATG-3' (944 to 924)

pUCOOCAT was a kind gift from Kentaro Semba (IMSUT).
This plasmid contains a simian virus 40 polyadenylation signal
at the 5' side of the multicloning site in order to reduce the
background transcription level originating nonspecifically from
the vector backbone. pUCOOLuc was provided by Hyun Jun
Lee (IMSUT). The chloramphenicol acetyltransferase (CAT)
gene of pUCOOCAT is replaced with the luciferase gene in this
plasmid (18).

IL-3 deletion constructs linked to the firefly luciferase
reporter gene were constructed by inserting the IL-3 promoter
region into the multicloning site of pUCOOLuc. IL-3 NheL, del
14, del 15, and del 17 contain regions from positions -650,
-86, -56, and -25 to +47, respectively.
A mammalian expression vector, pME18S, was provided by

Kazuo Maruyama (IMSUT). The longest inserts of EGR1,
EGR2, and DB1 cDNAs were excised from the Agtll vector by
digestion with EcoRI and Notl and then were cloned into a

3.0-kb EcoRI-NotI fragment of pME18S to yield pME18S
EGR1, pME18S EGR2, and pME18S DB1, respectively.

Fusion protein expression and purification. The entire
coding region and the zinc finger portion of DB1 correspond-
ing to positions -2 to 1556 and 499 to 956 relative to the
translation initiation site were amplified by PCR and cloned
into the BamHI site of pGEX-3X and the EcoRI site of
pGEX1, to produce pGEX-DB1-full and pGEX DB1-0.5,
respectively. The plasmids were introduced into Escherichia
coli AD202. The fusion proteins were induced as previously
described (2) and purified by glutathione-Sepharose 4B, under
conditions specified by the supplier (Pharmacia).
EMSA. Nuclear extract preparation and EMSA were done

as described previously (25) but with minor modifications. The
amount of poly(dI-dC) was changed to 0.5 jig per reaction

mixture in this series of experiments. Absorption with antibody
was performed by incubating the nuclear extract with the
antibody for 3 h on ice and then by adding the binding buffer,
poly(dI-dC), and a labeled oligonucleotide probe, CT/GC-
wild. For competition experiments, each unlabeled oligonucle-
otide harboring a mutation (CT/GC-mutl to -mut5) was added
to the reaction mixture prior to the addition of the labeled
probe.

Northern (RNA) blotting. mRNA purification, denaturing
with glyoxal, electrophoresis, blotting, and hybridization were
done as previously described (34). The blots were subjected to
high-stringency washing. Multiple Tissue Northern blot was
purchased from Clontech. Probe cDNA was labeled by random
priming (34).

Reverse transcriptase-dependent PCR (RT-PCR). Total
RNA was prepared from various cells, and 1 ,ug of total RNA
or 0.1 ,ug of poly(A)+ RNA was reverse transcribed with
(dT)12_18 as a primer, as previously described (34). Of the
reverse-transcribed product, 1/20 was used for PCRs. One unit
of Taq DNA polymerase (Kurashikibouseki) was used for each
reaction mixture. PCR was done for 50, 30, and 28 cycles for
DB1, IL-3, and P-actin, respectively (denatured at 96°C for 1
min, annealed at 55°C for 2 min, and extended at 72°C for 3
min).

Antibody. Antibodies to DB1 and EGR1 were raised against
synthetic oligopeptides of deduced amino acid sequence
(ETLKDAIGIKKEKPKTSFVC [see Fig. 2A] and KAFATQS
GSQDLKALNTSY, respectively) linked to ovalbumin. The
IgG fraction was purified from whole preimmune and immune
sera with a protein A column (Pierce ImmunoPure IgG
purification kit) and dialyzed against Dulbecco's phosphate-
buffered saline (PBS) containing 10% glycerol.

In vitro transcription and translation. Whole cDNA of DB1
was cloned into the EcoRI-NotI fragment of pBluescript II
SK- to produce pBSDB1. One microgram of pBSDB1 was
transcribed and translated in vitro with a TNT T7 Coupled
Reticulocyte Lysate System in a total reaction mixture volume
of 25 RI. Two microliters was analyzed by electrophoresis in a
sodium dodecyl sulfate (SDS)-10% polyacrylamide gel, dried,
and autoradiographed.

Cells. The human T-cell leukemia line Jurkat was main-
tained in RPMI 1640 medium supplemented with 10% fetal
calf serum, 2 mM glutamine, 50 ,uM 2-mercaptoethanol, 50 U
of penicillin per ml, and 50 jig of streptomycin per ml under
5% CO2. Jurkat cells growing in the logarithmic phase were
stimulated with PMA (Calbiochem, to a final concentration of
20 ng/ml) and A23187 (Calbiochem, to a final concentration of
0.5 jiM) for 3 h to prepare the nuclear extract. For mRNA
preparation, Jurkat cells were stimulated for the various
periods given in the figures.

Transfection. Transfection and stimulation of Jurkat cells
were done as described previously (15). To examine the effect
of DNA-binding proteins on the IL-3 promoter-reporter con-
structs, 2.5 jig of reporter plasmids, 2.5 jig of cDNA incorpo-
rated into pME18S, and 1.25 jig of pcDSRapX were used for
transfection (23). pME18S vector was used to adjust the total
amount of DNA transfected when necessary. Cells were har-
vested for the luciferase assay according to the manufacturer's
instructions (Luciferase Assay System; Promega). Twenty mi-
croliters of cell extracts was used for one assay. The protein
concentration of the cell extracts was measured with the
bicinchoninic acid protein assay reagent (Pierce) with bovine
serum albumin as a standard. Light units were calculated by
using the following formula: (observed light units - back-
ground light units)/(micrograms of protein x seconds mea-
sured). Each transfection was repeated on at least three
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A 1 2 3 4 5 6 7 8 9 10 11 12 13 14

B -76 -70 -60 -50

CT/GQ C-wild 5 t-CATCCCTCCCCCCGCCTTGCCCGGGGTTGTGGGA-3'

CT/GC--mut1 5 '-GATCCTAGACCCCGCCTTGCCC sGGGrGTTGTGGGA-3'

CT/GC-rnut2 5 '-GATCCC-TCCTC2TAG:ACTTGsCCC sGGG GTTGTGGGA-3'

CT/GC--mut3 -GATCCCTCCCCC-CG ACG5GG -TGTGGGC-3'

CT/GC-mut 4 5' -GATCCCTCCTCCCrCGCSCTTGCCLCTAGA-TTC-GGo-C-3'

CT/G -mut5 5' -GATCCCCCCCCCGCCTT5C TAGAC-33

FIG. 1. EMSA of the human IL-3 CT/GC-rich element with Jurkat
cell nuclear extract. (A) A radiolabeled CT/GC-rich region synthetic
oligonucleotide was incubated with 4 ,ug of unstimulated (lanes 1 to 7)
and stimulated (lanes 8 to 14) Jurkat nuclear extracts in the presence

and absence of a 50-fold molar excess of competitors, and the resulting
complexes were resolved in a nondenaturing 3.5% polyacrylamide gel.
Lanes 1 and 8, without competitors; lanes 2 and 9, CT/GC-wild; lanes
3 and 10, CT/GC-mutl; lanes 4 and 11, CT/GC-mut2; lanes 5 and 12,
CT/GC-mut3; lanes 6 and 13, CT/GC-mut4; lanes 7 and 14, CT/GC-
mut5. Positions of the constitutively (open arrowhead) and the induc-
ibly (closed arrowhead) appearing bands are indicated. (B) Sequence
of the oligonucleotides used, with the mutated nucleotides underlined.
Numbers given are relative to the transcription start site.

separate days, and representative data (see Fig. 8) or the
average of data normalized to the value of Tax-cotransfected
IL-3 NheL (see Fig. 9) is shown as the relative light unit.

Nucleotide sequence accession number. The nucleotide se-

quence data reported in this paper will appear in the GSDB,
DDBJ, EMBL, and NCBI nucleotide sequence databases
under accession number D28118.

RESULTS

The IL-3 CT/GC-rich region forms a specific DNA-protein
complex in the Jurkat cell nuclear extract. We previously
reported that the CT/GC-rich region of the IL-3 gene is
required for basal transcriptional activity and for the respon-

siveness to Tax. We earlier obtained evidence for specific
protein complexes binding to this region (25). Since the
binding of these complexes correlated well with the in vitro
transcription activity (25), we characterized the protein(s) in
these bands. When EMSA was performed with unstimulated
and stimulated Jurkat cell nuclear extract and the CT/GC-rich
region probe, one band which appears constitutively (Fig. 1A,
lanes 1 and 8, open arrowhead) and the other which appears in
a stimulation-dependent manner (lane 8, filled arrowhead)
were observed. Both bands were specifically inhibited by a

50-fold excess of a cold probe, thereby indicating that these are

sequence-specific complexes (lanes 2 and 9). Faint faster-

migrating bands were not inhibited by the competitor and
hence are due to nonspecific binding of the protein(s) included
in the nuclear extract. A diffuse band with a slightly higher
mobility than the inducible band appeared when we used an
unstimulated extract (Fig. 1A, lane 1); however, we think that
it is due to a nonspecific binding since it was not seen in other
condition (see Fig. 7, lane 1) and was inhibited by all the
competitors employed (Fig. 1A, lanes 2 to 7). The recognition
sequence of the two specific bands was examined by competi-
tion with mutated oligonucleotides (Fig. 1B). The more slowly
migrating band (Fig. 1A, open arrowhead) disappeared upon
the addition of a 50-fold excess of mutated oligonucleotides,
except CT/GC-mut2 (lanes 4 and 11). The stimulation-depen-
dent, faster-migrating band was inhibited by CT/GC-mut3 to
-mut5, and to a lesser extent with CT/GC-mutl. Thus, posi-
tions between -70 and -65 appear to be the major interacting
region of both protein complexes, and -74 to -71 seems to be
the minor interacting region of that with a higher mobility.

Cloning of cDNAs encoding the CT/GC-rich region binding
factors reveals zinc finger proteins: EGR1, EGR2, and a novel
protein, DB1. We screened a cDNA library of PMA- and
A23187-stimulated Jurkat cells by Southwestern methods to
search for a protein which specifically binds to the CT/GC-rich
region. A probe which has three tandem repeats of the
sequence (CCTCCCCCCGCCT'GC) was used. Of 300,000
independent plaques of oligo(dT)-primed Agtll expression
library, several distinct positive clones were isolated. Sequenc-
ing and homology searches revealed three clones to be iden-
tical to EGR1 (37) and one to be identical to EGR2 (13).
Among the positive clones, two contained the same novel
sequence not found in the GenBank and EMBL databases.
This clone, DB1, gave the strongest signal and also bound to an
IL-3 upstream monomer probe covering -100 to -39 (data
not shown). We rescreened 900,000 plaques and obtained two
containing DB1 cDNA. All the clones had approximately the
same 5' ends and various lengths of 3' untranslated regions;
they are classified into two types, S (short 3' region) and L
(long 3' region). The longest type S clone was 2,320 bp long
(Fig. 2A), and the type L clone was approximately 3.6 kbp long.
The type L clone contained an additional -1.3 kbp at the 3'
end of the type S clone. An in-frame ATG codon was found 50
bp downstream of the 5' end. This ATG codon was in a
reasonable context to serve as an initiation codon, according to
Kozak (16, 17). S and L clones contained the same open
reading frame that potentially encodes a protein of 516 amino
acid residues and a predicted molecular mass of 56 kDa (Fig.
2A). In vitro transcription and translation revealed a polypep-
tide product with an apparent molecular mass of the expected
size (Fig. 3). Upon analysis of the amino acid sequence, six
potential zinc fingers of the Cys2/His2-type were found (Fig. 2A
to C) (27). Five of the fingers conformed to the consensus
C-X20r4-C-X12-H-X35-H, while the sixth finger lacked one
residue in the ot helical region between the second Cys and the
first His residues. The conserved hydrophobic residues, Pro,
Phe or Tyr, Phe, and Leu at positions 1, 2, 11, and 17,
respectively, as shown in Fig. 2C, were also conserved in fingers
1 to 5. Other characteristic features of the primary amino acid
sequences are (i) a serine/threonine-rich composition through-
out the protein, except in the zinc finger region, (ii) a glu-
tamine stretch (Fig. 2A, broken underline), and (iii) periodi-
cally appearing proline residues in the C terminal 100 amino
acids. Several direct repeats were present around these proline
residues (PVT and PVTITSP).

Searches of the GenBank and EMBL databases by FASTA
and TFASTA programs in December 1993 revealed several
homologous sequences. The most closely related sequences
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A nt. aa.

M E A IN W T A 6
agcgggggga gtggggagga ggggggtcgg ccgccgcagc cATGGAGGCC AACTGGACCG 60

F L F Q A H E A S H H Q Q Q A A Q N S L 26
CGTTCCTGTT CCAGGCCCAT GAAGCTTCCC ATCACCAACA GCAGGCAGCA CAGAACAGCT 120

L P L L S S A V E P P D Q K P L L P I P 46
TGCTGCCCCT CCTGAGCTCT GCCGTGGAGC CCCCTGATCA GAAACCATTG CTTCCAATAC 180

I T Q K P Q G A P E T L K D A I G I K K 66
CAATAACTCA GAAACCTCAG GGTGCACCAG AAACATTAAA GGATGCCATT GGGATTAAAA 240

E K P K T S F V C T Y C S K A F R D S Y 86
AAGAAAAACC CAAAACTTCA TTTGTGTGCA CTTACTGCAG TAAAGCTTTC AGGGACAGCT 300

H L R R H E S C H T G I K L V S R P K K 106
ATCACCTGAG GCGCCACGAA TCCTGCCACA CAGGGATCAA GTTGGTGTCC CGGCCAAAGA 360

T P T T V V P L I S T I A G D S S R T S 126
AAACCCCCAC CACGGTGGTT CCCCTTATCT CTACCATCGC TGGGGACAGC AGCCGAACTT 420

L V S T I A G I L S T V T T S S S G T IN 146
CGTTGGTCTC GACCATTGCA GGCATCTTGT CAACAGTCAC TACATCTTCC TCGGGCACCA 480

P iS S A S T T A M P V T Q S V K K P S 166
ACCAGAG CAGTGCCAGC ACCACAGCTA TGCCAGTGAC CCAGTCTGTC AAGAAACCCA 540

K P V K K N H A C E M C G K A F R D V Y 186
GTAAGCCTGT CAAGAAGAAC CATGCTTGTG AGATGTGTGG GAAGGCCTTC CGAGATGTGT 600

H L N R H K L S H S D E K P F E C P I C 206
ACCATCTCAA TCGACACAAG CTCTCCCATT CAGATGAGAA ACCCTTTGAG TGTCCTATTT 660

N Q R F K R K D R M T Y H V R S H E G G 226
GTAATCAGCG CTTCAAGAGG AAGGACCGGA TGACTTACCA TGTGAGGTCT CATGAAGGAG 720

I T K P Y T C S V C G K G F S R P 0 H L 246
GCATCACCAA ACCCTATACT TGCAGTGTTT GTGGGAAAGG CTTCTCAAGG CCTGACCACT 780

S C H V K H V H S T E R P F K C Q T C T 266
TAAGCTGTCA TGTAAAACAT GTCCATTCAA CAGAAAGACC CTTCAAATGC CAAACGTGCA 840

A A F A T K D R L R T H M V R H E G K V 286
CTGCTGCCTT TGCCACCAAA GACAGACTGC GGACACACAT GGTGCGCCAT GAAGGCAAGG 900

S C N I C G K L L S A A Y T T S H L K T 306
TATCATGTAA CATCTGTGGG AAGCTCCTGA GTGCAGCATA CATCACCAGC CACTTAAAGA 960

H G Q S Q S I N C N T C K Q G I S K T C 326
CTCATGGGCA GAGCCAAAGT ATCAACTGTA ATACATGTAA ACAAGGCATC AGTAAAACAT 1020

M S E E T S N Q K Q Q Q Q Q Q Q Q _ Q Q 346
GCATGAGTGA AGAGACCAGT AACCAAAAGC AGCAGCAGCA GCAGCAGCAG CAACAACAAC 1080

Q Q H V T S W P G K Q V E T L R L W E E 366
AACAACAACA TGTGACAAGC TGGCCAGGGA AGCAAGTAGA AACACTCAGA CTGTGGGAAG 1140

A V K A R K K E A A N L C Q T S T A A T 386
AAGCTGTTAA AGCAAGGAAG AAAGAAGCTG CTAACCTGTG CCAAACCTCC ACGGCTGCTA 1200

T P V T L T T P F S I T S S V S S E T M 406
CGACACCTGT GACTCTCACT ACTCCATTCA GTATAACATC CTCTGTGTCG TCTGAGACTA 1260

S N P V T V A A A M S M R S P V IN V SI S 426
TGTCAAACCC AGTCACAGTG GCAGCTGCAA TGAGCATGAG AAGTCCAGTA AATGTTT AA 1320

A V IN I TI S P M N I G H P V T I T S P L 446
GTGCAGTTAA CATAACCAGC CCAATGAACA TAGGGCATCC TGTAACTATA ACCAGTCCAT 1380

S M T S P L T L T T P V N L P T P V T A 466
TATCCATGAC CTCTCCTTTA ACACTCACTA CCCCAGTCAA CCTCCCCACC CCCGTCACTG 1440

P V N I A H P V T I T S P M N L P T P M 486
CCCCAGTGAA TATAGCACAC CCTGTCACCA TCACATCTCC AATGAATCTA CCCACACCTA 1500

T L A A P L N I A M R P V E S M P F L P 506
TGACATTAGC CGCCCCTCTC AATATAGCAA TGAGACCTGT AGAGAGCATG CCTTTCTTGC 1560

Q A L P T S P P W 516
CCCAAGCTTT GCCTACATCA CCGCCTTGGt aaacagtatt ataaaatcaa aatatgggta 1620
aaagtaaata tttaccagca acttaacttt tagttgatta aagcaaaaag taaaccatga 1680
aattgggaga ttttattaca ttagttaata agagtgtggt agcatttttc tccaatttgg 1740
ctgggattat tcaaagtagg gtgtgtatgt aacttatcac tggaccactt tagtttaatc 1800
agaaattcct tttagctgac aacattgctt aaacaggata gtagttggca agatgaaatg 1860
ccagaattaa aaccaatcat aagtagaacc cacttcaaaa taaaaaaaca gcattactat 1920
ttctaatccc aaggaatcac tttattgtaa acactagcag aactcttctc cctatacaag 1980
gtggatggct gattttaacc tgaaatttta aatccacaga ttgagagcta gtgtagaatt 2040
gtctgtgttt attgttttta tgagtaaata catgcattgt cataataaaa tgcatttcag 2100
agaatatgca ttttaccttt gggaatatgt taatttcagg cagcattccc tatgggaaag 2160
gtgataccag ctctgatatg caaagcatat gataatttat cattctaact tcaacgtata 2220
atagggattg tgacctgata tttggagatg taaatattgc tcagcatatt aatcccgatg 2280
gaatatagca ttgtagttga ctttttaaaa aaaaaaaaaa 2320

B
NH2 F

1 2 3 456
Mi I

50 AA

-\\ COOH

ZINC FINGER

I GLUTAMINE STRETCH

C PROLINE-RICH REGION

c
POSITIONS 1 4 7 11 13 1617 1920 24

CONSENSUS PDg//-C--C---F- --L--H---H----
Fingerl 74 SFVCTYCSKAFRDSYHLRRHESCHTGIKlol
Finger2 174 NHACEMCGKAFRDVYHLNRHKLSHSDEK 201
Finger3 202 PFECPICNQRFKRKDRMTYHVRSHEGGITK 231
Finger4 232 PYTCSVCGKGFSRPDHLSCHVKHVHSTER 260

Finger5 261 PFKCQTCTAAFATKDRLRTHMVRHEG 286
Finger6 287 KVSCNICGKLLSAAYITS-HLKTHGQSQS 313

D 40 50 60 70 80 90
DB1 EPPDQKPLLPIPITQKPQGAPETLKDAIGIKKEKPKTSFVCTYCSKAFRDSYHLRRHESC

11 1 illl
MAZ SAATIAAAAATAVVAPTSTVAVAPVASALEKKTKSKGPYICALCAKEFKNGYNLRRHEAI

160 170 180 190 200 210

100 110 120 130 140 150
DB1 HTGIKLVSRPKKTPTTVVPLISTIAGDSSRTSLVSTIAGILSTVTTSSSGTNPSSSASTT

III 11 I 11
MAZ HTGAK-AGRVPSGAMKMPTMVP--------LSLLSVPQ--LSGAGGGGGEAGAGGGAAAV

220 230 240 250 260

160 170 180 190 200 210
DB1 AMPVTQSVKKPSKPVKKNHACEMCGKAFRDVYHLNRHKLSHSDEKPFECPICNQRFKRKD

MAZ AAGGVVTTTASGKRIRKNHACEMCGKAFRDVYHLNRHKLSHSDEKPYQCPVCQQRFKRKD
270 280 290 300 310 320

220 230 240 250 260 270
DB1 RMTYHVRSHEGGITKPYTCSVCGKGFSRPDHLSCHVKHVHSTERPFKCQTCTAAFATKDR

11111111 1 111II 11 II 1111111 11 1111111111 11111111
MAZ RMSYHVRSHDGAVHKPYNCSHCGKSFSRPDHLNSHVROVHSTERPFKCEKCEAAFATKDR

330 340 350 360 370 380

280 290 300 310 320 330
DB1 LRTHMVRHEGKVSCNICGKLLSAAYITSHLKTHGQSQS INCNTCKQGI SKTCMSEETSNQ

1111 11 11
MAZ LRAHTVRHEEKVPCHVCGKMLSSAYISDHMKVHSQGPHHVCELCNKGTGEVCPMAAAAAA

390 400 410 420 430 440

340 350 360 370 380 390
DB1 KQQQQQQQQQQQQQHVTSWPGKQVETLRLWEEAVKARKKEAANLCQTSTAATTPVTLTTP

MAO A.AAMAV,APPTAVGSLSGAEGVPVSSQPLPSQPWXAPSWLRGRGENGVESLGTSSSP
450 460 470 480 490 500

FIG. 2. (A) Nucleic acid and predicted amino acid sequence of cDNA encoding DB1. Zinc finger motifs are underlined, glutamine stretch is
underlined by a broken line, and the putative N-glycosylation sites are indicated by brackets. nt., nucleotide numbers from the 5' end of the cDNA;
aa., amino acid numbers from the first in-frame Met. (B) Domains of the protein product of DB1, with scale bar indicating 50 amino acids (AA).
(C) Alignments of the six zinc fingers with the consensus. The relative positions of the fingers are indicated by numbers. Numbers beside the amino
acid sequences are the amino acid numbers from the first in-frame Met. (D) Comparison of amino acid sequences of DB1 and MAZ. Numbers
denote the amino acid position from the first in-frame Met. The result is based on the homology search done with TFASTA (31). Identical amino
acids are indicated by vertical bars. DB1 and MAZ share homology of 48.1% over 293 amino acids. The zinc finger regions, the glutamine stretch
in DB1, and the alanine stretch in MAZ are indicated by horizontal bars and broken bars, respectively.

were human MAZ (ZF87) and its mouse homolog, Pur-1,
which are 98.4% identical (3, 14, 33). MAZ (ZF87) was 66%
identical to DB1 in 557 nucleotides overlap and 48% identical
in 293 amino acids overlap (Fig. 2D). The homologous region
started at 20 bp upstream of the second finger motif at the
nucleotide level and at 10 amino acid residues N terminally to
the first finger at the amino acid level. When the search was
done at the nucleotide level, a region homologous to MAZ
(ZF87) extended to the 3' end of the sequence corresponding
to the glutamine stretch of DB1, where the sequence was
translated into an alanine stretch in MAZ (ZF87). There were
no other proteins that showed a strong homology to DB1,
except in the zinc finger region.

Northern blots and RT-PCR analysis revealed that DB1
mRNA has two species and is expressed ubiquitously in

122
kD

-106
80

-49.5

-35-275........ .5

free Met _
- 18.5

FIG. 3. SDS-polyacrylamide gel electrophoresis (PAGE) of in
vitro-translated product of DB1. Lane 1, pBSDB1; lane 2, pBluescript
II SK-. The apparent molecular masses estimated from prestained
SDS-PAGE standards (Bio-Rad) are indicated.
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FIG. 4. Northern blot analysis of DB1 mRNA. (A) Five micro-
grams each of poly(A)+ RNA from unstimulated and 8 h-stimulated
Jurkat cells was electrophoresed, blotted onto nitrocellulose, and
probed with 32P-labeled DB1 cDNA. Positions of the molecular size
markers of HindIII-digested XDNA are shown. Glyoxal-denatured
RNA and DNA migrate at the same mobility in this condition. (B)
Northern blot analysis of DB1 with various human tissue mRNAs. Two
micrograms each of poly(A)+ RNA from various tissues were blotted
onto the filter.

human tissues. Size of the DB1 mRNA transcript was deter-
mined by Northern blot analysis, as shown in Fig. 4A. Five
micrograms of unstimulated and stimulated Jurkat poly(A)+
mRNA were denatured by glyoxal and then were subjected to
electrophoresis in phosphate buffer. DB1 was constitutively
expressed as messages of 4.0 and 4.8 kb in length in Jurkat
cells. The amount of DB1 mRNA seemed to be at a very low
level, as deduced from the weak hybridization signal.

Tissue distribution of DB1 mRNA was tested by human
multiple tissue Northern blot (Fig. 4B). The DB1 message was
present in all the tissues tested, albeit in different amounts. The
ratio of 4.8- to 4.0-kb transcript differed among tissues. The
hybridization signal appearing at 1.2 kb may be due to non-
specific binding, since it did not appear in Fig. 4A and it is too
small for the size of the DB1 cDNA.
mRNAs from various hemopoietic cells and placenta were

tested for the presence of DB1 and IL-3 mRNA by RT-PCR
(Fig. 5). Primers specific to IL-3, DB1, and 1-actin were
synthesized to give PCR products of 575, 311, and 236 bp,
respectively. The amount of DB1 mRNA did not change upon
stimulation of Jurkat cells with PMA and A23187, while the
IL-3 message was absolutely inducible (Fig. 5A). The same
samples were subjected to lower cycles of PCR to allow for a
quantitative analysis, which gave the same result (data not
shown). IL-3 mRNA was detected in PMA- and A23187-
treated WM-14 (NK cell), concanavalin A-stimulated 2F1 (T
cell), PMA- and A23187-treated Hy827 (T cell), and PMA-
and A23187-treated Jurkat cells (T cell), but not in lipopoly-
saccharide- or gamma interferon-stimulated human peripheral
blood monocytes, unstimulated JR-2 (B cell), unstimulated
TF-1 (erythroleukemia cell line), unstimulated YT (NK cell),

A B

1 2 3

IL-3

DB

3-actin

1 2 3 4 5 6 7 8 9 10 11 12

FIG. 5. RT-PCR analysis of DB1 and IL-3 with RNAs from Jurkat
cells (A) and various cell lines and tissues (B). (A) The RNA samples
are from Jurkat cells stimulated with PMA and A23187 for 0 h
(unstimulated, lane 1), 8 h (lane 2), and 16 h (lane 3). (B) RNAs were
from human peripheral blood monocytes treated with lipopolysaccha-
ride for 18 h (lane 1); human peripheral blood monocytes treated with
gamma interferon for 16 h (lane 2); WM-14, large granular lympho-
cytes/NK cells treated with PMA and A23187 for 15 h (lane 3); JR-2,
a human B-cell lymphoma line, unstimulated (lane 4); TF-1, a human
erythroleukemia cell line, unstimulated (lane 5); YT, large granular
lymphocytes/NK cells, unstimulated (lane 6); 2F1, a human helper
T-cell clone treated with concanavalin A for 3 h (lane 7); MLA144, a
gibbon helper T-cell line, unstimulated (lane 8); Hy827, a human
helper T-cell clone treated with PMA and A23187 for 8 h (lane 9);
human placenta (lane 10); HL60, a human myelomonocytic leukemia
line treated with PMA for 12 h (lane 11); and Jurkat, a human T-cell
leukemia line, unstimulated (lane 12).

unstimulated MLA144 (gibbon T lymphoma), human placenta,
PMA-treated HL60 (myelomonocytic leukemia), and unstimu-
lated Jurkat cells (Fig. 5B). On the other hand, DB1 mRNA
was detected in all the cells tested; hence, DB1 is widely
expressed in human blood cells (Fig. SB). There was no
obvious correlation between expression of IL-3 and DB1
mRNA.
Recombinant DB1 expressed in E. coli binds to the CT/GC-

rich region. To confirm the direct binding of DB1 protein to
the CT/GC-rich region, DB1 protein was expressed in bacteria.
Glutathione S-transferase fusion proteins batch purified with
glutathione-Sepharose 4B were subjected to competition anal-
ysis in EMSA. Full-length DB1 protein expressed in bacteria
showed the same binding specificity as the more slowly migrat-
ing band detected in Fig. 1A (Fig. 6A, open arrowhead). Smear
bands with a higher mobility appearing at the bottom of the gel
are due to degradation products of the fusion protein and were
confirmed by Western blotting (immunoblotting). When only
the zinc finger portion (fingers, 2 to 6) was expressed, it
exhibited the same binding specificity (Fig. 6B), thereby indi-
cating that finger 1 is not directly involved in the sequence-
specific DNA-binding activity.
DB1 and EGRI proteins are the components of specific

protein complexes detected in EMSA. We then identified the
bands observed in EMSA (Fig. 7). Polyclonal antibodies
against synthetic peptides of DB1 and EGR1 were developed,
and the IgG fraction was developed from sera, which we
denote aLDB1 and otEGR1, respectively. Preimmune serum
was processed similarly, to yield control IgG. EMSA was done
under the same condition as that of Fig. 1A. When the nuclear
extract was preincubated with axDB1, the upper band was
specifically absorbed and a supershifted band was generated
(Fig. 7, lanes 3 and 7). The lower band disappeared by
preincubation with aEGR1 (lane 8). Absorption was not
observed with buffer alone (lanes 1 and 5) or with control IgG
(lanes 2 and 6). This result indicates that the constitutively
appearing band with a lower mobility includes DB1 protein
while the stimulation-dependent band with higher mobility
comprises EGR1 protein.
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EGRi and EGR2 contribute to the PMA- and A23187-
dependent transcription of IL-3 in Jurkat cells. To determine
whether EGR1, EGR2, and DB1 have any effect on transcrip-
tion of the IL-3 gene, cotransfection experiments of the
expression plasmid of EGR1, EGR2, or DB1 with the IL-3
promoter-reporter constructs were carried out with Jurkat
cells, a human T-cell leukemia cell line (Fig. 8). We con-
structed three reporter genes, IL-3 NheL, del 14, and del 15.
Each contained a firefly luciferase gene linked to various
regions of the human IL-3 promoter: from -650 to +47 (IL-3
NheL), from -86 to +47 (del 14), and from -56 to +47 (del
15). Plasmid IL-3 NheL contains a binding site for APi,
NF-IL3-A/ACT-1, NIP, and the CT/GC-rich region, all of
which have been reported to be a regulatory sequence for IL-3

12 3 4 5 6 7 8

DB1 Dz-.
EGR1 _m

FIG. 7. Identification of the bands detected in EMSA. Unstimu-
lated (lanes 1 to 4) and stimulated (lanes 5 to 8) Jurkat nuclear extracts
were preincubated for 3 h on ice with PBS-10% glycerol (lanes 1 and
5), 5 ,ug of control IgG (lanes 2 and 6), otDB1 (lanes 3 and 7), and
cxEGR1 (lanes 4 and 8). Bands corresponding to those in Fig. 1A are

labeled and indicated by open and closed arrowheads.
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FIG. 8. Effects of EGR1, EGR2, and DB1 on the IL-3 promoter.
Plasmids containing the 5' upstream region of the IL-3 gene, IL-3
NheL (from position -650), del 14 (position -86), and del 15
(position -56) were cotransfected with vector alone (-) or with
expression plasmids for DB1, EGR1, and EGR2 to Jurkat cells. Cells
were stimulated at 40 h and harvested at 48 h posttransfection.
Luciferase activity was measured as described in Materials and Meth-
ods.

transcription. Plasmid del 14 contains the CT/GC-rich region,
while del 15 lacks the 5' half of this region which is the binding
site for DB1 and is also a homologous sequence of the EGR
recognition site (CGCCCCCGC) (4). All the constructs had
little or no basal promoter activity when the cells were not
stimulated. Stimulation by either PMA or A23187 alone did
not induce transcription activity of the IL-3 promoter (data not
shown). Stimulation by a combination of PMA and A23187
enhanced transcription from IL-3 NheL by 22-fold. del 14 and
del 15 were activated by 7.6- and 6.1-fold over unstimulated
levels, respectively. We regard this as nonspecific activation,
since pUCOOLuc was also activated by PMA and A23187
stimulation by eightfold. Transfection of expression vectors of
EGR1, EGR2, or DB1 did not alter transcriptional activity of
the reporter plasmids when the cells were not stimulated (Fig.
8). When the cells were stimulated, EGR1 and EGR2 aug-
mented the effect of PMA and A23187 on IL-3 NheL by
twofold. The enhancement by EGR1 and EGR2 was also
observed in del 14, which includes the CT/GC-rich region, but
not in del 15, which lacks the 5' half of the CT/GC-rich region.
These results indicate that the enhancing activity of EGR1

and EGR2 depends on the CT/GC-rich region and requires
stimulation of the cells with PMA and A23187. The enhanced
activity of IL-3 NheL was higher than that of del 14, possibly
owing to the presence of upstream PMA- and A23187-respon-
sive elements such as AP1 and NF-IL3-A/ACT-1.
DB1 acts in synergy with Tax to stimulate transcription

from the IL-3 promoter. The CT/GC-rich region in the IL-3
promoter was originally defined as a responsive element for
Tax trans activation (25). To test whether EGR1, EGR2, or
DB1 affects transcriptional activation by Tax, the expression
plasmid for Tax was cotransfected with the DB1 expression
plasmid and the reporter plasmids (Fig. 9).

Cotransfection of Tax expression vector activated transcrip-
tion of IL-3 NheL, del 14, and del 15 (Fig. 9). It also exhibited
a nonspecific transcription enhancement on del 17 (contains
-25 to +47 of the promoter region) and pUCOOLuc. The
effect of Tax was prominent on plasmid del 14 and lower in
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FIG. 9. Cotransfection effects of Tax with EGR1, EGR2, and DB1
on the IL-3 promoter. Tax and expression vectors of EGR1, EGR2,
and DB1 were cotransfected with IL-3 reporter plasmids to Jurkat
cells. Luciferase activity was measured as described in Materials and
Methods.

longer promoter constructs, findings consistent with our pre-
vious results with the CAT reporter gene (25).

Cotransfection of DB1 expression plasmid with IL-3 NheL
or del 14 augmented Tax-dependent transcription activity by
approximately threefold (Fig. 9). The enhancing effect of DB1
was not observed with reporter plasmids del 15, del 17, and
pUCOOLuc (Fig. 9), and without Tax (Fig. 8); therefore, this
activity probably depends on the CT/GC-rich region and Tax.
Cotransfection of EGR1 and EGR2 expression vectors had no
apparent effect on the Tax-dependent transcription activity of
the reporter plasmids (Fig. 9).

DISCUSSION

The CT/GC-rich region of the IL-3 promoter sustains basal
promoter activity and is a Tax response element (15, 25). This
sequence is not found in other lymphokine gene promoters
and may play a role to support basal transcriptional activity by
interacting with DNA-binding proteins in an IL-3 gene-specific
manner. In this report, we described the cloning of cDNAs
encoding proteins that bind to this region.
Three cDNA clones were identified: EGR1, EGR2, and

DB1, the latter being a novel one. Since the first in-frame ATG
of DB1 was in a reasonable context to serve as an initiation
codon, according to Kozak (16, 17), we assume that the
isolated cDNA clones are nearly full length with regard to
coding region. The DB1 mRNA detected in Jurkat cells was of
two sizes, 4.0 and 4.8 kb (Fig. 4A), while the isolated cDNA
clones were 2.3 and 3.6 kb long, respectively. This difference
may be due to length of the poly(A) tail. However, it is also
possible that the upstream transcription initiation site is sev-

eral hundred bases upstream, and the present cDNA still lacks
the 5' sequence. We examined the length of the 5' upstream
region, by primer extension analysis and by the anchored PCR
method, with two independent primers, but we detected no
distinct cDNA end. This may be due to the high GC content
(approximately 80%) of the mRNA spanning for 60 bases
upstream of the first ATG codon, which is known to be difficult
for reverse transcriptase to completely transcribe. It should be
noted that the GC-rich sequence is characteristic of the 5'
flanking region of the coding region. The DB1 mRNA was

expressed in all the tissues and cell lines tested, and the

amount did not change upon T-cell stimulation. This agrees
with our observation that the DB1-containing band detected in
EMSA remained unchanged after T-cell activation (Fig. 1A
and 7).
The apparent size of the DB1 protein expressed in vitro was

almost the same as the calculated molecular mass which is 56
kDa. However, DB1 protein expressed in COS7 cells had an
apparent size of 80 kDa (data not shown). This discrepancy
may be due to posttranslational modifications, including gly-
cosylation, since the predicted sequence contains four possible
N-linked glycosylation sites (Fig. 2A).
The structures of Egr-1, GL1, and Tramtrack, transcription

factors having Cys2/His2-type zinc finger motifs, have been well
characterized by X-ray crystallography and nuclear magnetic
resonance spectroscopy. It was demonstrated that each zinc
finger motif forms a modular structure to bind DNA (8, 24, 29,
30). DB1 protein having six Cys2/His2-type zinc finger motifs
was predicted to bind to DNA. Indeed, the DB1 protein
expressed in bacteria bound to the CT/GC-rich region probe
with the same specificity as the upper band observed when
Jurkat cell nuclear extract was used (Fig. 1A), and zinc fingers
2 to 6 were sufficient to confer this specificity (Fig. 6A and B).
The protein complex which was shown to include EGR1 (Fig.
1A and 7) appeared upon T-cell activation and showed the
same sequence requirement as in the previous report (4).
Alignment of the zinc finger motifs of DB1 protein with the
consensus sequence (7) revealed that hydrophobic residues at
positions 1, 2, 11, and 17 which are known to form hydrophobic
interactions to stabilize the structure of the zif fingers (29) are
well conserved from fingers 1 to 5 (Fig. 2C). The sixth finger
lacked all these conserved hydrophobic residues and also
lacked one amino acid residue in the a-helical region; hence, it
seems unlikely that the sixth finger forms a functional DNA-
binding motif.

Although there is no simple general code describing protein-
DNA interaction of various zinc finger proteins, the overall
structures of the zinc fingers are generally conserved, and there
seems to be a correlation between the position of the amino
acid residue in the zinc finger and the recognition site of the
DNA sequence (8, 30). By comparing the amino acid se-
quences of the DB1 and zif268 (Egr-1) zinc fingers, we found
several residues involved in protein-DNA interaction in the zif
fingers to be identical to that placed at the same position in the
DB1 fingers. In the zif complex, the residue immediately
preceding the a-helical region (position 13 in Fig. 2C) is Arg
and contacts the third base on the primary strand of the subsite
(5'- -G). The third residue in the ao-helix (position 16, His) can
contact the second base on the primary strand (5'-G-), and the
sixth residue (position 19, Arg) in the a-helix can contact the
first base (5' G- -) of the subsite. In the case of DB1, position
13 is Arg in fingers 3 and 4. Position 16 is His in fingers 1, 2,
and 4, and position 19 is Arg in fingers 1 and 2. Thus, it is likely
that DB1 contacts a sequence similar to the recognition site of
Egr-1. Fingers 2 to 5 of DB1 also show strong homology to
MAZ (ZF8)7 zinc fingers (Fig. 2D). The identity is consistent
with the fact that DB1, EGR1, and MAZ (ZF87) bind to
homologous sequences. Conversely, it is also possible that DB1
binds to the MElal or ME1a2 element of the myc promoter
which is the recognition site of MAZ (ZF87) (3) or to the
recognition sequences of EGR family proteins.
Other characteristic features of DB1 are Ser/Thr-rich com-

position outside the zinc finger portion, existence of a glu-
tamine stretch, and periodically appearing Pro residues. At
present, there is no evidence for the involvement of the
Ser/Thr-rich region in transcription; however, serving as a
potential site for glycosylation, these Ser/Thr-rich regions
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might play an important role in regulating some aspect of DB1
function. Glutamine stretch and proline-rich regions are found
in several transcription factors and activate (Spl [5], AP-2 [41],
OTF-2 [11], and CTF/NF-I [22]) or repress (WT1 [20]) tran-
scription. Thus, it is likely that these two domains are regula-
tory regions within this protein. Interestingly, the sequence of
MAZ (ZF87) corresponding to the glutamine stretch of DB1 is
an alanine stretch, which arises by shifting the reading frame
(Fig. 2D). The alanine stretch is also found in several tran-
scription factors (33). Considering the fact that DB1 and MAZ
(ZF87) have homology only through the zinc finger portion
and that the frame is shifted in the glutamine stretch, we
speculate that these genes evolved from a common ancestor,
conserving the zinc finger portion.

In this study, we used a series of deletion IL-3 reporter
plasmids and the luciferase reporter gene system. These re-
porter plasmids responded well to signals activated by PMA
and A23187 (Fig. 8), a finding in contrast to previous obser-
vations (25). This may be due to differences in sensitivity
between the CAT and luciferase reporter systems. Require-
ment for the CT/GC-rich region by Tax was reproduced by the
luciferase constructs (Fig. 9). The response to Tax was weaker
with the plasmid containing longer upstream sequences, which
is consistent with our previous findings and suggests that the
upstream sequence may include negative DNA elements to
Tax activation.

Cotransfection of the expression vectors of EGR1 and
EGR2 cDNA with IL-3 promoter-luciferase plasmid enhanced
IL-3 transcription in the presence of PMA and A23187 stim-
ulation. Since EGR1 bound to the CT/GC-rich region probe
(Fig. 7), we assume that EGR1 takes part in the inducible
expression of the IL-3 gene. A protein complex that includes
EGR2 was not detected in our EMSA system, using the
anti-EGR2 antibody. Since only two major bands detected in
EMSA contained DB1 and EGR1, it seems that EGR2 is not
a major member binding to the CT/GC-rich region. Therefore,
although we did observe activation of the IL-3 promoter by
EGR2 in a transient-transfection system, we cannot conclude
that EGR2 is involved in inducible expression of the IL-3 gene.
Although EGR1 and EGR2 activated transcriptional activity

of the native IL-3 promoter, when we used three tandem
copies of the CT/GC-rich region hooked to a thymidine kinase
minimal promoter-luciferase gene as a template [(CT/GC)3-
TK-Luc], no apparent effect was observed (data not shown).
This indicates that the CT/GC-rich region does not by itself
have the ability to mediate T-cell activation signals transmitted
through EGR1 and EGR2. Rather, the CT/GC-rich region
appears to positively modulate the transcription level of the
IL-3 gene in the context of the native promoter. Flanking
regions of the CT/GC-rich region (-86 to -77 and/or -45 to
+47), which are present in the native promoter but not in the
tandem constructs, may be one of the sequences that confer
the missing function.

Cotransfection of DB1 expression vector augmented the Tax
effect on IL-3 NheL and del 14 (Fig. 9), and EGR1 and EGR2
had no effect on these reporter plasmids. Several sequences
including the 21-bp enhancer of the human T-cell leukemia
virus type I long terminal repeat (10), NF-KB binding site (19),
and SRE (1) have been reported to be Tax-responsive ele-
ments which do not share homology with the CT/GC-rich
region. Thus, the CT/GC-rich region seems to be a novel
DNA-binding motif that mediates the Tax effect. There is no
sequence homology among Tax-responsive elements, and no
direct binding of Tax to those sequences has been demon-
strated. Instead, an association of DNA-binding proteins with
Tax has been reported (9, 12, 38, 40). Although it still remains

to be determined whether DB1 directly interacts with Tax to
activate the transcriptional machinery, our result suggests that
DB1 does mediate the Tax effect in trans-activating the IL-3 gene.
DB1 is a ubiquitous and constitutively expressed protein; it

binds to the CT/GC-rich region, and the mutation of its
recognition sequence decreases the basal transcription activity
(25). Thus, DB1 is a candidate protein that supports the basal
transcriptional activity of the IL-3 promoter, in Jurkat cells.
We also suggest that DB1 serves as a Tax-interacting molecule
in cells expressing Tax. To gain support for the role of DB1 as
well as EGR1 and EGR2 in IL-3 transcription, the inhibition
of protein expression by antisense nucleotides or depleting the
proteins from the nuclear extract in in vitro transcription assays
will need to be done.
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