
MOLECULAR AND CELLULAR BIOLOGY,
0270-7306/98/$04.0010

July 1998, p. 4235–4244 Vol. 18, No. 7

Copyright © 1998, American Society for Microbiology. All Rights Reserved.

BAZF, a Novel Bcl6 Homolog, Functions as a
Transcriptional Repressor

SHINICHIRO OKABE,1,2 TETSUYA FUKUDA,1,3 KAZUKI ISHIBASHI,1 SATOKO KOJIMA,1

SEIJI OKADA,1 MASAHIKO HATANO,1 MASAAKI EBARA,2 HIROMITSU SAISHO,2

AND TAKESHI TOKUHISA1*

Division of Developmental Genetics, Center for Biomedical Science,1 and First Department of
Internal Medicine,2 Chiba University School of Medicine, Chuo-ku, Chiba 260-8670,

and First Department of Internal Medicine, Tokyo Medical and Dental University,
Bunkyo-ku, Tokyo 113-0034,3 Japan

Received 17 December 1997/Returned for modification 23 January 1998/Accepted 3 April 1998

The BCL6 gene, which has been identified from the chromosomal translocation breakpoint in B-cell lym-
phomas, functions as a sequence-specific transcriptional repressor. We cloned a novel Bcl6-homologous gene,
BAZF (encoding Bcl6-associated zinc finger protein). The predicted amino acid sequence of BAZF indicated
that the BTB/POZ domain and the five repeats of the Krüppel-like zinc finger motif are located in the NH2-
terminal region and the COOH-terminal region, respectively. BAZF associated with Bcl6 at the BTB/POZ
domain and localized in the nucleus. Since zinc finger motifs of BAZF were 94% identical to those of Bcl6 at
the amino acid level, BAZF bound specifically to the DNA-binding sequence of Bcl6 and functioned as a tran-
scriptional repressor. The repressor activity was associated with both the BTB/POZ domain and the middle
portion of BAZF. The 17-amino-acid sequence in the middle portion was completely conserved between BAZF
and Bcl6, and the conserved region was critical for the repressor activity. Expression of BAZF mRNA, like that
of Bcl6 mRNA, was induced in activated lymphocytes as an immediate-early gene. Therefore, the biochemical
character of BAZF is similar to that of Bcl6 although the tissue expression pattern of BAZF differs from that
of Bcl6. This is apparently the first report of a gene family whose members encode zinc finger proteins with the
BTB/POZ domain.

Chromosomal translocations involving 3q27 have been iden-
tified in some non-Hodgkin’s lymphomas, particularly in dif-
fuse large B-cell lymphomas (5, 35). The human proto-onco-
gene BCL6 has been identified from chromosomal breakpoints
(25, 30, 43). Translocations lead to deregulation of the BCL6
gene as a result of the juxtaposition of the BCL6-coding region
to heterologous promoters (44) and may be related to lym-
phomagenesis. The BCL6 gene encodes a 92- to 98-kDa nu-
clear phosphoprotein (6, 36) that contains the BTB/POZ do-
main in the NH2-terminal region and six Krüppel-type zinc
finger motifs in the COOH-terminal region (17, 25, 30, 43).
The BTB/POZ domain is important for protein-protein inter-
actions (3, 47). The zinc finger motifs of BCL6 bind to specific
DNA sequences in vitro (4, 24). Since the NH2-terminal half of
the protein contains a repressor domain(s) in vitro (2, 7, 11,
42), BCL6 can function as a sequence-specific transcriptional
repressor.

The BCL6 gene is well conserved between humans and mice,
with a 100% identity of zinc finger motifs at the amino acid
level (17). This gene is ubiquitously expressed in various tis-
sues, including those of lymphatic organs, and is predominant
in the germinal-center B cells (6, 18, 36). Expression of this
gene is induced in activated lymphocytes as an immediate-early
gene (17), and it is progressively upregulated in differentiating
keratinocytes, which suggests a role in developing tissues at the
terminal differentiation stage (46). To observe the physiologi-

cal functions of Bcl6, this gene was disrupted in the mouse
germ line (10, 18, 45); the Bcl6-deficient mice showed growth
retardation, and most died at a young age. The mature lym-
phocytes did develop in these Bcl6-deficient mice but germi-
nal-center formation was impaired. In addition, Bcl6-deficient
mice had inflammatory responses in multiple organs, especially
the heart and lung, characterized by infiltration of eosinophils,
and there was an increased production of Th2-type cytokines
(10). Since the BCL6-binding DNA sequence resembled the
sequence motif bound by the signal transducer and activator of
transcription (STAT) factors, and since interleukin-4 (IL-4)
induces the differentiation of Th0 cells to Th2 cells (26), Bcl6
may repress IL-4-induced transcription by competitive binding
to sites recognized by the IL-4-responsive STAT factor,
STAT6 (10).

Zinc finger-type transcription factors compose a family like
the GATA family (14). We attempted to identify the Bcl6-
homologous gene(s) with a probe carrying Bcl6 zinc finger
motifs. We found a novel homolog (BAZF), the amino acid
sequence of which was 94% identical to Bcl6, at the zinc finger
motifs. Thus, BAZF can associate with Bcl6 at the BTB/POZ
domain, localize in the nucleus, bind to the BCL6-binding
DNA sequence, and play the role of transcriptional repressor.
The physiological roles of BAZF in gene regulation are dis-
cussed below.

MATERIALS AND METHODS

Animals. (C57BL/6 3 DBA/2)F1 female mice were purchased from Japan
SLC Co. Ltd. (Hamamatsu, Japan).

Cloning of the BAZF cDNA. A 213-bp fragment of the Bcl6 cDNA carrying the
zinc finger motifs was obtained by PCR with the following primers: 59-CTGGA
GAAAAGCCCTACAAATGTG-39 and 59-CGGTATTGCACCTTGGTGTTG-
39. This fragment was used as a probe to screen a genomic library from mouse
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kidney, and a homologous clone (BAZF) was isolated. A KpnI fragment in the
homologous clone was used as a probe to screen mouse cDNA libraries from
lung (Stratagene, La Jolla, Calif.) and entire 11-day-gestated embryos (Strat-
agene). The 59-most side of the BAZF cDNA, including the ATG start codon,
was cloned with the poly(A)1 mRNAs from the mouse heart with the 59 RACE
system for rapid amplification of cDNA ends (GIBCO BRL, Rockville, Md.).
The products of the amplification were cloned into the pGEM-T vector (Pro-
mega, Madison, Wis.). Both strands were sequenced with an automatic DNA
sequencer (ALF Express; Pharmacia, Piscataway, N.J.) with vector-specific prim-
ers. Those cDNA fragments were reconstructed into pGEM-4Z (Promega) to
obtain a full length of the open reading frame (pBAZF).

Construction of luciferase reporter plasmids. To construct pBSX4-SV40-
LUC, double-stranded oligonucleotides containing two copies of the BCL6-bind-
ing DNA sequence (BS) (59-CGACATTCCTAGAAAGCATA-39) with BamHI
sites on both flanks were synthesized. The BamHI fragment was ligated into the
BamHI site of pGEM-7Z, and pBSX4, which carried four copies of the BS, was
isolated. The KpnI-SacI fragment of pBSX4 was inserted into the KpnI-SacI-
digested pGL2 plasmid, which carries the simian virus 40 promoter and enhancer
and the luciferase reporter gene (Promega), to construct pBSX4-SV40-LUC.
Another luciferase reporter plasmid (p5GBS luc) (32) carrying the Gal4-binding
sequence was kindly provided by K. Nakajima (Osaka University, Osaka, Japan).

Construction of fusion genes. Gal4 fusion genes were constructed as follows.
Various fragments of Bcl6 and BAZF cDNA were obtained by PCR with pairs of
primers specific for the Bcl6 or BAZF sequence linked to an EcoRI site. The
PCR products were subcloned into the pGEM-T vector. An EcoRI fragment of
the PCR products was subcloned into the EcoRI site of pSG424 carrying the
Gal4(1–147)-coding sequence (38). Primer sequences with a new EcoRI site
(underlined) used for various fragments were as follows: for Gal4-Bcl6(1–122),
59-TTTGAATTCATGGCCTCCCCGGCTGACA-39 and 59-TTTGAATTCGC
ATGTGTCGACAACATGCT-39; forGal4-Bcl6(1–520), 59-TTTGAATTCGA
AGAAGGTCCCATTCTCA-39; forGal4-BAZF(1–128), 59-TTTGAATTCAT
GGGTTCCACAGCGGCCCCA-39and 59-TTTGAATTCACACGCCTGGACT
ACGTGTT-39; for Gal4-BAZF(1–319), 59-TTTGAATTCCTCGTCCCCTGG
AGCTTAGA-39; and for Gal4-BAZF(148–319), 59-TTTGAATTCCCCCCAA
GACCCCCAACAGT-39. TheGal4-BAZF fusion gene with a 97-bp deletion was
constructed as follows. Since BAZF(1–319) contains a PstI site, the sequence
(59-TTTCTGCAGCCTAGTTGGGGAGAGTTCA-39) with a new PstI site on
the 59 side (underlined) 97 bp downstream of the PstI site was synthesized as a
primer. PCR was done between the primer and the primer for the 39 side of
Gal4-BAZF(1–319). The PstI-EcoRI fragment of Gal4-BAZF(1–319) or Gal4-
BAZF(148–319) was replaced by a PstI-EcoRI fragment of the PCR product.
Translation termination was provided by three-frame termination codons in the
pSG424 plasmid. All PCR-derived products as well as subcloning junctions were
verified by sequence analysis.

For construction of the glutathione S-transferase (GST) fusion genes, an
EcoRI fragment of Gal4-Bcl6(1–122) or Gal4-BAZF(1–128) was subcloned into
the EcoRI site of the pGEX1lT vector (Pharmacia) to obtain GST-Bcl6(1–122)
or GST-BAZF(1–128). To prepare GST-BAZF(314–498), two primers 59-TTT
GGATCCCTCTTAGCTCCAGGGGACGAGGAC-39 and 59-TTTGAATTCT
GCCCCTAGGGAGCGAAGTTTGGC-39) with a BamHI or an EcoRI site
(underlined) were prepared and the PCR product was obtained. The BamHI-
EcoRI fragment of this product was subcloned into the BamHI-EcoRI site of the
pGEX2T vector (Pharmacia).

To construct the BAZF and the Bcl6 expression plasmids, an EcoRI-XhoI
fragment of BAZF or a BamHI fragment of Bcl6 was inserted into the pcDNA3
expression vector (Invitrogen, San Diego, Calif.) (pcDNA3-BAZF or pcDNA3-
Bcl6). pHemagglutinin (pHA)-tagged BAZF was constructed by subcloning an
EcoRI-XhoI fragment of pBAZF into the EcoRI-XhoI site of pHAKIT (33). To
construct pHA-HOX11, an EcoRI-XhoI fragment of HOX11 (20) was inserted
into pHAKIT.

Assays for transcriptional repressor activity of BAZF with luciferase reporter
genes. L cells maintained in Dulbecco’s modified Eagle’s medium (Life Tech-
nologies, Grand Island, N.Y.) with 5% fetal calf serum (Bioserum; CSL Ltd.,
Victoria, Australia) were plated at 3.3 3 105 cells per 60-mm-diameter dish 1 day
before transfection. WEHI231 cells were maintained in RPMI 1640 medium
(Life Technologies) with 10% fetal calf serum. The luciferase reporter plasmid
(10 mg), various expression plasmids, and pRL-tk (0.5 mg) (TOYO INK, Tokyo,
Japan) or pRL-SV40 (0.5 mg) (TOYO INK) as a transfection efficiency control
were cotransfected into L cells by the calcium phosphate coprecipitation tech-
nique (39) or into WEHI231 cells by electroporation with a Gene Pulser (Bio-
Rad, Richmond, Calif.) equipped with a capacitance extender (0.40 kV and 960
mF). The transfected L cells were incubated for 8 h, washed three times in
Dulbecco’s modified Eagle’s medium, and cultured for an additional 48 h. The
WEHI231 cells were cultured for 48 h. The transfected cells were harvested and
lysed, and luciferase activity in the lysates was determined by standard methods
with Pikkagene Dual (TOYO INK).

EMSA. Specific DNA-binding activity of BAZF was determined by electro-
phoretic mobility shift assay (EMSA) (46). Briefly, the synthesized double-
stranded BS was labeled with digoxigenin (DIG) with DIG oligonucleotide
39-end labeling kits (Boehringer Mannheim, Mannheim, Germany). Binding
reactions were performed in a mixture containing 1 mg of GST-BAZF(314–498),
1 mg of poly(dI-dC) (Pharmacia), and a 15 fM concentration of the DIG-labeled

probe in 21 ml of reaction buffer (10 mM HEPES [pH 7.8], 50 mM KCl, 1 mM
dithiothreitol, 50 mg of bovine serum albumin/ml). This mixture was then incu-
bated for 30 min at room temperature, separated by electrophoresis on a 6%
nondenaturing polyacrylamide gel, transferred to a nylon membrane (Boehr-
inger Mannheim), and fixed by cross-linking with UV irradiation with a Spec-
trolinker (Schleicher & Schuell) and baking at 120°C for 30 min. The DIG-
labeled probe was detected with sheep anti-DIG antibody conjugated with
alkaline phosphatase. The antibody detection reaction was performed with an
enhanced chemiluminescence detection system (Boehringer Mannheim). A com-
petitive EMSA was done by adding to the mixture a 10- or 50-fold molar excess
of unlabeled double-stranded oligonucleotide. Sequences of the mutant oligo-
nucleotide (one base mismatch, underlined) were as follows: 59-CGACATTCC
TATAAAGCATA-39 and 59-CGACATTCCTAGCAAGCATA-39.

Assays for interaction between BAZF and Bcl6. The GST pull-down assay was
done as described previously (9). Briefly, the GST-BAZF(1–128) and GST-
Bcl6(1–122) proteins were purified as described previously (24). The BAZF
full-length cDNA was subcloned into the pCITE4a vector (Novagen, Madison,
Wis.). In vitro T7-driven transcription and translation of pCITE4a-BAZF were
done with TNT T7 Quick Coupled Reticulocyte Lysates (Promega) with [35S]me-
thionine (Amersham, Little Chalfont, Buckinghamshire, England). The 35S-la-
beled translation products (10 ml) were incubated with 10 mg of each GST fusion
protein in 500 ml of Triton X-100 lysis buffer (0.5% Triton X-100, 20 mM
Tris-HCl [pH 7.5], 100 mM NaCl, 1 mM EDTA) containing 1 mM dithiothreitol,
0.1 mM phenylmethylsulfonyl fluoride, 1 mg of aprotinin/ml, 10 mg of leupeptin/
ml, and 0.1 mM sodium orthovanadate for 2 h, washed three times in Triton
X-100 lysis buffer, and separated by electrophoresis on a 12.5% nondenaturing
polyacrylamide gel. The labeled band was analyzed with an image analyzer
(BAS2000; Fuji Photo Film Corp., Tokyo, Japan).

The interaction was also identified by Western blotting. pHA-BAZF and
pcDNA3-Bcl6 were cotransfected into L cells by the calcium phosphate copre-
cipitation technique (39). The transfected L cells were lysed with Nonidet P-40
(NP-40) lysis buffer (1.0% NP-40, 50 mM Tris-HCl [pH 8.0], 150 mM NaCl) with
proteinase inhibitors on ice for 15 min. Total proteins were incubated with
mouse monoclonal anti-HA antibody (CA125; Boehringer Mannheim) at 4°C for
1 h and further incubated with protein A-Sepharose (Pharmacia) at 4°C for 2 h
with continuous mixing. The mixture was centrifuged at 7,500 3 g at 4°C for 30 s,
washed with 1 ml of ice-cold NP-40 lysis buffer, and centrifuged at 7,500 3 g at
4°C for 30 s. This washing procedure was repeated three times. The HA-BAZF
protein was fractionated on a 7.5% polyacrylamide gel and transferred to a
membrane (Immobilon-P; Millipore, Bedford, Mass.) with an electroblot (Bio-
Rad). The filter was incubated with rabbit anti-BCL6 antibody (18) followed by
horseradish peroxidase-conjugated donkey anti-rabbit immunoglobulin (Ig) an-
tibody (Amersham) for 1 h for each step at room temperature. The antibody
detection reaction was performed with the enhanced chemiluminescence detec-
tion system (Amersham).

Subcellular localization of the BAZF protein was examined in L cells cotrans-
fected with pHA-BAZF and pcDNA3-Bcl6 by immunohistochemistry. Those
transfected L cells were stained with mouse monoclonal anti-HA antibody fol-
lowed by biotinylated rabbit anti-mouse IgG (Vector, Burlingame, Calif.) and
streptavidin-Texas red (Vector) and then by rabbit anti-Bcl6 antibody (18) to
sequentially facilitate fluorescein isothiocyanate-conjugated anti-rabbit IgG
(Cappel, Durham, N.C.). Fluorescence in the L cells was visualized on CLSM
(Zeiss) with 633 oil objectives.

Northern blot analysis. Splenocyte cultures were prepared as described pre-
viously (17). Splenocytes from 6-week-old mice were stimulated with phorbol
myristate acetate (PMA) (5 ng/ml; Sigma, St. Louis, Mo.) plus ionomycin (250
ng/ml; Sigma) in the presence or the absence of cycloheximide (10 mg/ml; Sig-
ma). Total RNAs were extracted from cultured splenocytes or adult female
mouse tissues with the TRIzol reagent (Life Technologies). Northern blot anal-
ysis was performed as described previously (17). A 0.7-kb KpnI fragment (bp
1763 to 2463) of the 39 untranslated region of BAZF was used as a probe. The
fragment was subcloned into the KpnI site of pGEM-4Z and labeled with DIG
(Boehringer Mannheim) by PCR with primers T7 and SP6.

Nucleotide sequence accession number. The BAZF sequence has been depos-
ited with DDBJ, EMBL, and GenBank under accession no. AB011665.

RESULTS

Cloning of BAZF cDNA. To search for a Bcl6-related
gene(s), Southern blot analysis of genomic DNA was done with
three probes carrying different regions of the Bcl6 cDNA: the
BTB/POZ domain, the middle portion, and zinc finger motifs.
When mouse genomic DNA was digested with BamHI, an
extra 3.5-kb band was detected for Bcl6 zinc finger motifs at
low stringency (data not shown). However, the other two
probes detected no extra band at low stringency. Thus, we
considered the possibility of a novel Bcl6-homologous gene
carrying similar zinc finger motifs.

A mouse genomic library was then screened with the zinc
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finger probe to identify the homologous gene. A clone (BAZF)
with a sequence similar to that of Bcl6 at the zinc finger motifs
was selected. Putative zinc finger motifs of BAZF were further
used as a probe to screen cDNA libraries. Several overlapping
cDNA clones were obtained (Fig. 1A). The 59 region of the
cDNA, including the ATG start codon, was cloned with
mRNAs from a normal mouse heart by the anchored reverse

transcription-PCR method and the sequence was confirmed on
the genomic DNA sequence. As shown in Fig. 1B, an open
reading frame of 1,425 bp encoded the predicted 474 amino
acids (aa). The putative amino acid sequence contained the
five zinc finger motifs located at the region from aa 320 to 470
and the BTB/POZ domain at the region from aa 1 to 128.
When the amino acid sequence of BAZF was compared with
that of Bcl6 (Fig. 2), BAZF was found to be 94% identical to
Bcl6 at zinc finger motifs, 65% identical at the BTB/POZ
domain, and, surprisingly, 100% identical at the region from aa
188 to 204. The region from aa 137 to 187 was proline rich
(34%), and the similar region of Bcl6 (from aa 319 to 371) was
also proline rich (21%) (17).

The zinc finger domain of BAZF can bind to the BS. Since
the a-helical region in the COOH-terminal half of Krüppel-
like zinc finger motifs is important for determining sequence
specificity of DNA binding (27) and the amino acid sequence
of this region was identical in BAZF and Bcl6 (Fig. 2), the
capacity of the zinc finger domain of BAZF to bind to the BS
was examined by EMSA with the BS as a probe. The protein
used for DNA binding lacked the BTB/POZ domain since
inclusion of the BTB/POZ domain in a protein can affect its
DNA binding (3). As shown in Fig. 3, the zinc finger domain of
BAZF could form complexes with the BS. This binding was
specific for the BS, since the 50-fold excess amount of cold
competitors with one base mismatch did not block the binding.

BAZF and Bcl6 colocalize in a nucleus. Since BAZF can
bind to the specific DNA sequence in vitro, BAZF may play a
role in the nucleus as a transcription factor. We histologically
examined localization of BAZF in a cell by transfection of
pHA-BAZF into L cells (Fig. 4A). HA-BAZF was detected in
a nucleus as a dot pattern. This pattern in a nucleus is sup-
ported by evidence that the BTB/POZ domain of Bcl6 is im-
portant for punctate nuclear localization (12). Distribution
of Bcl6 and BAZF in a nucleus was further examined by
cotransfection of pHA-BAZF and pcDNA3-Bcl6 into L cells.
The intracellular localization of the two proteins was iden-
tified immunohistochemically by confocal microscopy. Both
HA-BAZF and Bcl6 were detected in the nucleus as a dot
pattern (Fig. 4B), and the proteins located at the same area in
the nucleus (Fig. 4B, panel III). Since the BTB/POZ domain is
important for protein-protein interactions (3, 47) and the BTB/
POZ domain of BCL6 interacts with itself (12), this colocal-
ization suggested interaction between Bcl6 and BAZF in the
nucleus.

The possibility of this interaction was investigated in vitro
with a pull-down assay. Immobilized GST-Bcl6(1–122) or GST-
BAZF(1–128) carrying the BTB/POZ domain was incubated
with the in vitro translation products of pCITE4a-BAZF (en-
coding the full length of BAZF), and immobilized GST-Bcl6
(1–122) or GST-BAZF(1–128) was precipitated. The presence
of the in vitro-translated BAZF labeled with [35S]methionine
in the precipitant was analyzed autoradiographically (Fig. 4C).
GST-Bcl6(1–122) and GST-BAZF(1–128) bound to the prod-
ucts of pCITE4a-BAZF but not to the products of pCITE4a-
LUC (encoding luciferase). Since GST alone did not bind to
BAZF, the BTB/POZ domain of Bcl6 and BAZF directly binds
to BAZF in vitro.

The interaction was further investigated in vivo by cotrans-
fection of pHA-BAZF and pcDNA3-Bcl6 into L cells. HA-
BAZF in the transfected L cells was immunoprecipitated with
anti-HA antibody, and the presence of Bcl6 in the immuno-
precipitate was examined by Western blotting with an anti-
BCL6 antibody (Fig. 4D). Bcl6 was detected in the immuno-
precipitate as 92- to 98-kDa molecules. These molecules were
not detected in the immunoprecipitate from nontransfected L

FIG. 1. Cloning strategy and sequence of murine BAZF cDNA. (A) Sche-
matic diagram of the overlapping BAZF cDNA clones. The closed and hatched
boxes indicate the BTB/POZ domain and the zinc finger motifs, respectively. (B)
Nucleotide and predicted amino acid sequences of BAZF. The ATTTA se-
quences are underlined.
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cells or in pHA-HOX11-transfected L cells, thereby showing
the specificity of the interaction.

BAZF functions as a transcriptional repressor. BCL6 was
found to be a transcriptional repressor since two noncontigu-
ous regions of BCL6 (aa 10 to 138 in the BTB/POZ domain
and aa 267 to 395 in the middle portion) contain transrepressor
activity (7). These two regions were also homologous to the
region from aa 16 to 144 in the BTB/POZ domain and to aa
178 to 209 in the middle portion of BAZF (Fig. 2). The tran-
scriptional repressor activity of BAZF was then examined by

cotransfection of the Gal4-BAZF gene and the p5GBS luc re-
porter gene into L cells. The p5GBS luc gene carries the Gal4-
binding sequence and the luciferase gene controlled by the E1b
promoter (32). Figure 5A shows that repressor activity of Gal4-
BAZF associated with the BTB/POZ domain (from aa 1 to
122) or the middle portion (from aa 148 to 319) of BAZF.
However, the middle portion of BAZF, lacking the 100% con-
served region (from aa 188 to 204), lost repressor activity but
slightly enhanced expression of the luciferase reporter gene.

The repressor activity of BAZF was further confirmed with

FIG. 2. Comparison of the predicted amino acid sequences between Bcl6 and BAZF at three highly homologous regions. (A) The BTB/POZ domain. (B) The
middle portion, including the identical 17-aa sequence. (C) The zinc finger domain. Numbers refer to the amino acids located in these proteins. Closed and shaded
boxes indicate identical and conserved residues, respectively. Open boxes in panel C show the zinc finger motifs. (D) Schematic representation of the Bcl6 and BAZF
proteins. Hatched, closed, and stippled boxes represent the BTB/POZ domain, the middle portion, and the zinc finger motifs, respectively. Numbers refer to the amino
acids located in these proteins. Approximate percentages of sequence similarity are given.
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a different assay system. Since BAZF can bind to the BS, as
determined by EMSA (Fig. 3), we cotransfected the pBSX4-
SV40-LUC reporter plasmid and pcDNA3-BAZF (encoding
the full-length BAZF protein) into WEHI231 cells (Fig. 5B).
The pBSX4-SV40-LUC gene carries four repeats of the BS
and the luciferase gene controlled by the simian virus 40 pro-
moter and enhancer. BAZF as well as Bcl6 repressed expres-
sion of the luciferase gene in a dose-dependent manner. When
the reporter plasmid without the BS (pSV40-LUC) was co-
transfected with pcDNA3-BAZF, transcriptional repression
was not detected (data not shown), indicating that this repres-
sion is specific for the BS. Since BAZF and Bcl6 may form a
complex in a nucleus (Fig. 4B), the functional collaboration of
both proteins was further examined by cotransfection of the
pBSX4-SV40-LUC gene and the BAZF and Bcl6 genes at
different ratios into WEHI231 cells. The presence of both
BAZF and Bcl6 displayed additive but not synergistic effects
on the repressor activity (Fig. 5B), indicating that the two
proteins are functionally similar.

Expression of BAZF mRNA is strong in mouse heart and
lung, and BAZF is induced in lymphocytes as an immediate-
early gene. Expression of BAZF mRNA was examined in nor-
mal tissues from an adult mouse by Northern blotting with the
39 untranslated region of BAZF as a probe (Fig. 6A). A 3.8-kb
band was detected in heart and lung, and expression was ubiq-
uitous in every tissue examined by reverse transcription-PCR
(data not shown). Since the Bcl6 gene is induced in lympho-
cytes activated with PMA plus ionomycin as an immediate-
early gene (17), the inducibility of BAZF mRNA in splenocytes
stimulated with PMA and ionomycin was analyzed by Northern
blotting. As shown in Fig. 6B, BAZF mRNA was induced in
splenocytes from 1 h, increased for up to 2 h, and downregu-
lated from 4 h after stimulation. This induction was also ex-
amined in splenocytes stimulated with PMA plus ionomycin in
the presence of cycloheximide. The cycloheximide treatment
did not block the induction but did increase the expression.
Therefore, BAZF also plays a role in activated splenocytes as
an immediate-early gene.

DISCUSSION

We identified BAZF, a homolog of Bcl6. Three sections of
the predicted amino acid sequence are highly conserved (Fig.
2). The zinc finger motifs of BAZF are 94% identical to those
of Bcl6. Zinc finger motifs of transcription factors determine
the specificity of binding to DNA (15). Although BAZF con-
tains five repeats of the zinc finger motif instead of the six
repeats in Bcl6, BAZF can bind to the BS (Fig. 3). Among
transcription factors with zinc finger motifs, each zinc finger
will make contact with a base or a phosphate of DNA or make
no contact at all with DNA. For example, GLI (37) has five
repeats of a zinc finger motif, and one in the NH2-terminal-
most side does not make contact with DNA. PLZF (28) has
nine repeats of a zinc finger motif and binds to DNA through
seven repeats located on the carboxyl-terminal-most side.
Therefore, five repeats of the zinc finger motif in the carboxyl-
terminal-most side of Bcl6 may be important to bind to the
DNA sequence. These observations also suggest the presence
of a large number of genes regulated by BAZF and Bcl6.

The 17-aa sequence in the region from aa 188 to 204 of
BAZF is 100% identical to that in the region from aa 370 to
386 of Bcl6. The repressor activity of BAZF associates with the
middle portion (aa 148 to 319), which includes this conserved
region (Fig. 5A). The middle section of Bcl6 contains a pro-
line-rich region (21% proline content) in the region from aa
319 to 371. BAZF also has a proline-rich region (34% proline
content) in the region from aa 137 to 189, indicating that this
proline-rich region followed by the conserved 17 aa is shared
between them. Thus, the shared sequence in the middle por-
tion of BAZF may be important for transcriptional regulation.
Indeed, as BAZF lost repressor activity by deletion of the
region from aa 178 to 210 (Fig. 5A), the conserved 17-aa
sequence is likely to be critical for the activity. This sequence
has no homology to the known activity site of transcriptional
factors and may be a novel activity domain of transcriptional
repressors.

The BTB/POZ domain is also conserved (65% identity).
This domain has homology to the NH2-terminal regions of
some zinc finger-type DNA-binding proteins, such as the Dro-
sophila tramtrack (Ttk) (19) and the human KUP proteins (8).
This shared domain is important for specific protein-protein
interactions. For example, the BTB/POZ domain of Ttk can
interact efficiently with that of Ttk itself and that of GAGA,
but not with that of the distinct zinc finger protein ZID (3). We
found that the BTB/POZ domain of BAZF can bind to BAZF
itself and to Bcl6 (Fig. 4C). Using the yeast two-hybrid system,
we confirmed that the BTB/POZ domain of BAZF can interact
with the BTB/POZ domain of BAZF itself and that of Bcl6
(unpublished data).

The repressor activity of BAZF also associates with the
BTB/POZ domain (from aa 1 to 122). Other zinc finger-type
DNA-binding proteins with the BTB/POZ domain, including
ZF5 (34) and PLZF (28), have transrepressor activity. This
activity may depend on the cellular environment because the
BTB/POZ domain of ZF5 is required to activate the human
immunodeficiency virus type 1 long terminal repeat and to
repress the b-actin promoter (23). Several DNA-binding pro-
teins with the BTB/POZ domain form higher-order macromo-
lecular complexes involved in chromatin folding (1). Since the
corepressor SMRT binds to the BTB/POZ domain of Bcl6 (13)
and PLZF (21), the repressor activity of Bcl6 and PLZF may
be explained by remodeling of the chromatin structure. SMRT
can form a ternary complex with mSin3A and HDAC-1 (31).
The BTB/POZ domain of Bcl6 or PLZF may also associate
with SMRT-mSin3A-HDAC-1 and form a multimeric repres-

FIG. 3. Binding of the zinc finger domain of BAZF to the BS. The BS was
labeled with DIG, and binding was examined by EMSA. The arrow shows the
DNA-protein complex. The prominent shifted band (lane 1) disappeared after
addition of excess amounts of unlabeled BS (wt; 10-fold [lane 2] and 50-fold [lane
3]) but not by after addition of excess amounts of the unlabeled BS with one base
mismatch (mutant 1 [59-CGACATTCCTATAAAGCATA-39], 10-fold [lane 4]
and 50-fold [lane 5]; mutant 2 [59-CGACATTCCTAGCAAGCATA-39], 10-fold
[lane 6] and 50-fold [lane 7]).
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FIG. 4. Interaction between BAZF and Bcl6. (A) Localization of BAZF in the nucleus. L cells were transfected with pHA-BAZF. The cells were stained with
anti-HA antibody. BAZF was identified in the nucleus of the left cell as a nuclear dot pattern, but not in the cell on the right. Cells were counterstained with
hematoxylin. (B) Colocalization of BAZF and Bcl6 in the nucleus. L cells were transfected with pHA-BAZF and pcDNA3-Bcl6. Bcl6 and HA-BAZF were detected
in the nucleus with anti-Bcl6 antibody and fluorescein isothiocyanate-conjugated secondary antibody (B, panel I) and with anti-HA antibody and Texas-red conjugated
secondary antibody (B, panel II), respectively. When superimposed, the green and red signals generated a yellow signal confirming colocalization of these proteins (B,
panel III). (C) Interaction between BAZF and Bcl6 in vitro. Interaction between the BTB/POZ domain of GST-BAZF or GST-Bcl6 and in vitro-translated BAZF was
examined by a pull-down assay. [35S]methionine-labeled BAZF was left untreated (lysate) or incubated with either immobilized GST alone, GST-Bcl6(1–122), or
GST-BAZF(1–128). For the controls, [35S]methionine-labeled luciferase was left untreated (lysate) or incubated with either immobilized GST alone, GST-Bcl6(1–122),
or GST-BAZF(1–128). Molecular masses (in kilodaltons) are indicated on the right. (D) Interaction between BAZF and Bcl6 in vivo. pHA-BAZF and pcDNA3-Bcl6
were cotransfected into L cells. Lysates of L cells transfected with pcDNA3-Bcl6 (2), pcDNA3-Bcl6 and pHA-BAZF (BAZF), or pcDNA3-Bcl6 and pHA-HOX11
(Hox11) were immunoprecipitated with anti-HA antibody. Interaction of Bcl6 with HA-BAZF was detected in the immunoprecipitates by Western blotting with
anti-BCL6 antibody. The lysate from L cells transfected with pcDNA3-Bcl6 was immunoprecipitated with anti-Bcl6 antibody, and Bcl6 in the immunoprecipitate was
immunoblotted with anti-BCL6 antibody as a positive control. The arrow indicates the Bcl6 protein. Molecular masses (in kilodaltons) are indicated on the right.
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sor complex involving histone deacetylation activity. BAZF
may also be involved in the formation of a complex, suggesting
the mechanism of repressor activity in the BTB/POZ domain
of BAZF.

A Drosophila zinc finger-type transcriptional factor, Krüp-
pel, can both activate and repress gene expression in a con-
centration-dependent manner (40). A homodimer or a mono-
mer of Krüppel is dominantly formed at a higher or lower
concentration, respectively. Although the homodimer binds to
the same DNA sequence as does the monomer, transcriptional
activity of the homodimer is opposite to that of the monomer
(41). Since BAZF can form a complex with BAZF and Bcl6

(Fig. 4), we examined the transcriptional activity of BAZF in
various complexes in cotransfection experiments (Fig. 5B).
The repressor activity was not modulated but instead increased
in a concentration-dependent manner, thereby suggesting a
functional similarity to Bcl6.

The inducibility of mRNA expression in lymphocytes is also
similar for BAZF and Bcl6. Expression of BAZF is transiently
upregulated in splenocytes stimulated with PMA plus ionomy-
cin in the presence of cycloheximide (Fig. 6B), suggesting that
BAZF, like Bcl6, plays a role in activated lymphocytes as an
immediate-early gene. Since the amount of BAZF mRNA
in splenocytes increased after cycloheximide treatment, the

FIG. 5. Transcriptional repressor activity of BAZF. (A) Schematic representation of Gal4-BAZF fusion proteins and their repression of transcription of the
luciferase gene from the p5GBS luc reporter plasmid in L cells. Gal4-BAZF (10 mg) was cotransfected with the p5GBS luc reporter plasmid (10 mg) into L cells. pRL-tk
was also cotransfected in each experiment to serve as an internal control for transfection efficiency. The luciferase activity in the lysates was measured with a
luminometer 48 h after transfection and compensated for by luciferase activity from pRL-tk. The activity is expressed as a percentage of the luciferase activity in L cells
transfected with Gal4 and the p5GBS luc plasmid. The data presented are representative of three independent experiments, and error bars are shown. In the schematic
representation, hatched and stippled boxes indicate the BTB/POZ domain and the conserved 17 aa in the middle portion, respectively. (B) Repression by BAZF and
Bcl6 of transcription of the luciferase gene from the pBSX4-SV40-LUC reporter plasmid in WEHI231 cells. Various amounts of pcDNA3-BAZF and pcDNA3-Bcl6
were cotransfected with the pBSX4-SV40-LUC reporter plasmid (10 mg) into WEHI231 cells. Numbers refer to the amount (in micrograms) of plasmid transfected.
The total amount of transfected DNA was kept constant (20 mg) in each experiment by adding pcDNA3. pRL-SV40 was also cotransfected in each experiment to serve
as an internal control for transfection efficiency. Luciferase activities in lysates were measured with a luminometer 48 h after transfection and compensated for by
luciferase activity from pRL-SV40. The activity was expressed as a percentage of the luciferase activity in WEHI231 cells transfected with the pBSX4-SV40-LUC
reporter plasmid. The data presented are representative of three independent experiments, and error bars are shown.
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BAZF gene may be transcribed in those cells. These results
also suggest that BAZF mRNA undergoes relatively rapid deg-
radation compared with mRNAs from the constitutively ex-
pressed genes. The AUUUA sequence in lymphokine mRNAs
in the 39 untranslated region has been demonstrated to confer
instability on mature mRNAs (29). The two AUUUA se-
quences (318 and 1,622 bases from the stop codon) in the 39
untranslated region of BAZF (Fig. 1B) may contribute to the
instability of this mRNA. This biochemical character of BAZF
mRNA is also similar to that of Bcl6 mRNA (17).

The major difference between BAZF and Bcl6 is the tissue
expression pattern. Expression of Bcl6 mRNA is ubiquitous in
various mouse tissues (17), while BAZF mRNA was detected
in lung and heart by Northern blotting (Fig. 6A). Furthermore,
expression of BAZF mRNA was induced in a macrophage line
after activation although that of Bcl6 remained at a constant
level after activation (data not shown). Bcl-2 and Bcl-xL are
equivalent in their potentials to inhibit cell death, but the

patterns and levels of expression are not identical (22), sug-
gesting that the difference between Bcl-2 and Bcl-xL reflects
the need to tune in the control of apoptosis. BAZF and Bcl6
may also affect the control of gene expressions in a cell-type-
and differentiation stage-specific manner. Since the nuclear
expression pattern (diffuse and microgranular) of Bcl6 under
physiological conditions (6) differed from that (punctate nu-
clear localization) under gene transfection conditions (16)
(Fig. 4), the activity of BAZF and Bcl6 seen in gene transfec-
tion experiments may not reflect all the physiological functions
of BAZF and Bcl6.

In summary, this is apparently the first report of a gene
family whose members encode the zinc finger-type DNA-bind-
ing proteins carrying the BTB/POZ domain. We cloned a novel
Bcl6-homologous gene (BAZF) that can specifically bind to
the BS with zinc finger motifs and that functions as a tran-
scriptional repressor. As the repressor activity associates
with both the BTB/POZ domain and the middle portion of

FIG. 6. Expression of BAZF mRNA in various mouse tissues. (A) Northern
blot analysis of BAZF expression in mouse tissues. The expression was analyzed
in total RNA (25 mg) from the indicated tissues of adult mice. rRNA positions
are indicated on the right. The lower part of the panel shows 28S and 18S rRNA
from the ethidium bromide-stained gel as the loading control. (B) Inducibility of
the BAZF gene in splenocytes after stimulation. Splenocytes were stimulated
with PMA plus ionomycin (Iono) in the presence or absence of cycloheximide.
Total RNA (25 mg) was isolated from the splenocytes at the indicated times after
stimulation. Expression of the BAZF gene in these RNAs was analyzed by
Northern blotting. rRNA positions are indicated on the right. The lower part of
the panel shows 28S and 18S rRNA from the ethidium bromide-stained gel as the
loading control.
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BAZF, the biochemical character of BAZF is similar to that
of Bcl6.
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