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p130cas (Cas) is a docking protein that contains an SH3 domain and multiple tyrosine residues. p130cas is
located at focal adhesions, is tyrosine phosphorylated in response to integrin stimulation, and is thought to
transmit signals, via c-Crk and other proteins, for the remodeling of actin stress fibers and cell movement. In
a search for the ligands of the SH3 domain of p130cas by far-Western screening, we cloned a novel protein
named CIZ (for Cas-interacting zinc finger protein). CIZ consists of the following: a putative leucine zipper;
a serine/threonine-rich region; a proline-rich sequence; five, six, or eight Krüppel-type C2H2 zinc fingers; and
the glutamine-alanine repeat. CIZ binds Cas in cells and is located in the nucleus and at focal adhesions. We
showed that CIZ is a nucleocytoplasmic shuttling protein, by using the transient interspecies heterokaryon
formation assay. In order to search for the targets of CIZ in nucleus, we determined the DNA binding
consensus of CIZ as (G/C)AAAAA(A) by cyclic amplification and selection of targets analysis. The consensus-
like sequences are found in several promoters of matrix metalloproteinases (MMPs), which are the enzymes
used to degrade the extracellular matrix proteins. CIZ binds to a consensus-like sequence in the MMP-1
(collagenase) promoter. Overexpression of CIZ upregulates the transcriptions from MMP-1, MMP-3 (strome-
lysin), and MMP-7 (matrilysin) promoters, and this transactivation was enhanced in the presence of Cas.
Furthermore, the stable overexpression of CIZ promoted the production of MMP-7 in culture medium. In
summary, CIZ, a novel zinc finger protein, binds Cas, is a nucleocytoplasmic shuttling protein, and regulates
the expression of MMPs.

p130cas (Cas) is a docking protein, initially identified as a
major tyrosine-phosphorylated protein in cells transformed by
v-Crk or v-Src (42, 43). Cas consists of the N-terminal SH3
domain, the substrate domain, the Src binding domain, and the
other regions. The substrate domain includes the repeated
SH2 binding motifs for Crk, and the Src binding domain has
the tyrosine residue and the proline-rich sequence that are the
binding sites for Src SH2 and SH3 domains, respectively (32,
42). Subsequently, Cas was shown to be tyrosine phosphory-
lated in response to integrin stimulation (35, 54) and was
localized mostly in the cytoplasm and partly at focal adhesions
(12, 31, 37). The tyrosine-phosphorylated Cas binds c-Crk,
forming a Cas-Crk complex (53), and the Cas-Crk complex
leads to the activation of Rac-JNK pathway (7, 18). Nck also
binds tyrosine-phosphorylated Cas, and part of ERK2 activa-
tion by integrin stimulation is shown to be mediated by the
phosphorylation of Cas (44). Overexpression of Cas is reported
to promote cell motility, depending on its association with
FAK and c-Crk (5, 19), and the targeting of Cas revealed that
Cas is essential for assembling actin filaments and for forming
long actin fibers (13). Furthermore, Cas-mediated actin reor-
ganization is critical to anchorage independence in cell trans-
formation by activated Src (13). These results suggest that Cas
constitutes the signal transduction pathway from cell attach-
ment to cytoskeletal changes and to cell movements.

The SH3 domain of Cas is known to bind to focal adhesion-

associated tyrosine kinase, FAK (12, 38), and has been shown
to be necessary for the localization of Cas to focal adhesions
(31). However, Cas was localized at focal adhesions in FAK2/2

cells (31), and the association between Cas and FAK was
reported to be dependent on the presence of Src (44). There-
fore, we assumed that FAK is not the sole ligand of the Cas
SH3 domain and that the other ligands would function up-
stream or downstream of Cas. After we began to search for the
binding partners of Cas SH3 by far-Western blotting, PTP-1B
(26), PTP-PEST (9), PYK2/CAKb/RAFTK/CADTK (3), C3G
(16), and CMS/CD2AP (17) were reported to be the ligands of
the Cas SH3 domain.

In this paper, we identified another novel ligand of the Cas
SH3 domain and named it CIZ (for Cas-interacting zinc finger
protein). CIZ is shown to bind Cas in cells, is located at focal
adhesions and in the nucleus, and shuttles in and out of the
nucleus. We determined that the DNA binding consensus of
CIZ and the CIZ-binding consensus-like sequences existed in
promoters of several matrix metalloproteinases (MMPs),
which are metal (zinc)-dependent proteases that can digest
various extracellular matrix proteins or cell surface proteins.
We showed that overexpression of CIZ upregulates the expres-
sion of MMP-1, -3, and -7.

MATERIALS AND METHODS

Far-Western screening. The cDNA for Cas SH3 was subcloned into
pGEX2TK (Pharmacia) to make pGEX2TK-CasSH3. The cDNA library from
rat 3Y1 cells (42) was inserted into lgt11 and amplified. The Hybond-C extra
membranes (Amersham) soaked in 10 mM isopropyl-b-D-thiogalactopyranoside
(IPTG) were overlaid on phage plaques for 4 h and were blocked in Tris-buffered
saline–Tween 20 (TBST) with 5% skim milk. The membranes were incubated
with 0.75 mg of isotope-labelled glutathione S-transferase (GST)-Cas SH3 for 2 h
at 25°C, washed, and autoradiographed. Eight positive clones were obtained.
Four out of eight positive clones were CIZ. The cDNA of CIZ was labeled and
was used as a probe to further screen for alternative forms of CIZ.
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Production of antibody against bacterially expressed CIZ. A clone corre-
sponding to the region from the 140th to the 260th amino acid residue of CIZ8
was inserted into pGEX-1 (Pharmacia) to make pGEX-1-CIZ. The rabbit anti-
serum raised against GST-CIZ is named anti-CIZ.

Plasmid construction of CIZ-expressing vectors. The cDNA for FLAG tag or
hemagglutinin (HA) tag was added to the 39 terminus of the coding sequence of
CIZ cDNA. The cDNAs for CIZ-FLAG, CIZ-HA, or wild-type CIZ of various
alternative forms were inserted into the pSSRabsr vector (51). To make the mPR
mutant of CIZ, the APPKPPR sequence was mutated to AAAKPPR by in vitro
mutagenesis. To make the dZF mutant of CIZ, SalI sites were introduced to just
upstream (around 879 bp) and downstream (around 1,587 bp) of the cDNA for
the zinc finger domain, by in vitro mutagenesis, and the SalI fragment was cut
out.

Immunoprecipitation and immunoblotting. COS-7 cells were transfected with
expression plasmids by the DEAE-dextran method as described previously (32).
After lysis in radioimmunoprecipitation assay (RIPA) buffer (32), 2 mg of lysates
was immunoprecipitated with 5 ml of anti-FLAG M2 antibody (Kodak), anti-
Cas2 antibody (42), or preimmune serum. The sources of GST fusion proteins
and the GST pulldown assay were described elsewhere (32). GST fusion proteins
were incubated with 400 mg of CIZ-overexpressing COS-7 lysates. LC-540 cells
were lysed in RIPA buffer, and 20 mg was immunoprecipitated with 15 ml of
anti-Cas2, anti-CIZ, or preimmune serum. Immunoblottings were performed
with anti-Cas2 (1:2,500), anti-CIZ (1:2,500), or 10 mg of anti-proMMP-7 (141-
7B2) per ml (Fuji Chemical Industries) and detected with ProtoBlot apparatus
(Promega). In some cases, immunoblottings were performed with anti-FLAG
(1:400) or anti-Cas2 (1:50,000) and detected with the ECL enhanced chemilu-
minescence system (Amersham).

Immunofluorescence. Cells were grown on uncoated coverslips (Matsunami)
for 16 to 24 h. In the leptomycin B (LMB) treatment, 3Y1 cells were subse-
quently incubated in the presence of 10 ng of LMB per ml for 24 h. The cells
were stained as described previously (31). Primary antibodies were used at the
following dilutions after they were absorbed with purified GST or GST-CIZ:
1/400 for anti-CIZ and 1/200 for the antivinculin mouse monoclonal antibody
anti-hVIN-1. LMB is a generous gift from M. Yoshida (University of Tokyo).

Cell fusion. NIH 3T3 cells were transfected with 1 mg of pSSRabsr-CIZ-HA
by using SuperFect (Qiagen). After 2 days, the cells were resuspended and were
mixed with resuspended HeLa cells. The pellet after centrifugation was resus-
pended in 50% polyethylene glycol 6000 for 2 min at 25°C. Subsequently, the
cells were washed and replated in Dulbecco’s modified Eagle’s medium with 10%
fetal calf serum and 20 mg of cycloheximide per ml on coverslips for 48 h.
Staining was performed first with 1:1,000 anti-HA.11 (BAbCO) and then with
1:100 fluorescein isothiocyanate-conjugated anti-rabbit antibody (Jackson) to-
gether with 5 mg of Hoechst 33258 per ml (Sigma). The samples were observed
with a Nikon ECLIPSE E800.

CASTing analysis. Nuclear extract was prepared from CIZ-FLAG-transfected
COS-7 cells as described previously (24). The oligomers used were RANDOM
(GCGTCGACAAGCTTTCTAGANNNNNNNNNNNNNNNNGAATTCGGA
TCCCTCGAGCG), FORWARD (GCGTCGACAAGCTTTCTAGA), and RE-
VERSE (CGCTCGAGGGATCCGAATTC). RANDOM was annealed with 3
M excess of REVERSE, and the double-stranded DNA (dsDNA) was synthe-
sized with the Klenow fragment at room temperature for 3 h. This dsDNA was
mixed with 4 ml of nuclear extract and 16 ml of lysis buffer (24) and then was
incubated for 20 min at 25°C. The protein-DNA complex was immunoprecipi-
tated with anti-FLAG, and the DNA was extracted by adding 200 ml of extraction
buffer (5 mM EDTA, 0.5% sodium dodecyl sulfate, 100 mM NaOAc, 50 mM Tris
[pH 8.0]). With the ethanol-precipitated DNA, 15 cycles of PCR with the FOR-
WARD and REVERSE primers, consisting of 1 min at 94°C, 1 min at 62°C, and
1 min at 72°C per cycle, were performed. In the following rounds of cyclic
amplification and selection of targets (CASTing), 1 ml of PCR product was used
as the starting material. After five rounds of CASTing, the final PCR product was
cut with SalI and EcoRI, subcloned into pBluescript SK(2), and sequenced.

EMSA. The electrophoretic mobility shift assay (EMSA) was done as de-
scribed previously (59). The labeled oligonucleotide was prepared by filling in the
2320 to 2305 region of the human MMP-1 promoter with [a-32P]dCTP (Am-
ersham). For competition experiments, unlabeled double-stranded oligonucleo-
tide or the mutant double-stranded oligonucleotide (CCTGTGTCAGAGAGA)
was added prior to the addition of the labeled oligonucleotides. For the anti-
serum supershift experiment, the antiserum was added, and this mixture was then
incubated for 15 min on ice prior to the addition of the labeled oligonucleotides.

Luciferase assay and reporter plasmids. Four tandem copies of the sequence
corresponding to the 2320 to 2303 region of the human MMP-1 promoter or
the same region with mutation (CCTGTGTCAGAGAGACC) were fused to
tk-Luc (48) to generate p(CIZBC)4-tk-Luc or p(mCIZBC)4-tk-Luc, respectively.
The 2517/163CAT5 plasmid, which includes the human MMP-1 promoter, is a
generous gift from Peter Angel and Hans Rahmsdorf. pXP2-MMP-1 was con-
structed by inserting the 2517 to 163 portion of the human MMP-1 promoter
into pXP2 (27). For pXP2-mMMP-1, the 2320 to 2305 region was converted to
(CCTTTGTCGACAAGA) by in vitro mutagenesis. The human MMP-7 pro-
moter and the rat MMP-3 promoter are kind gifts from Lynn Matrisian. pXP2-
MMP-7 was constructed by inserting the 2301 to 135 region of the human
MMP-7 promoter (30) into pXP2. pXP2-MMP-3 was constructed by inserting
the 2754 to 21 region of the rat MMP-3 (8) into pXP2. NIH 3T3 cells or Cas2/2

primary fibroblasts (13) were transfected with SuperFect (Qiagen) with reporter
plasmids, expression plasmids, and pCMV-bgal (TROPIX). After 48 h, cells
were harvested for the luciferase assay. Each value was adjusted for each b-ga-
lactosidase activity. Experiments were performed three times, and the results
were essentially reproducible.

Nucleotide sequence accession number. The CIZ cDNA sequence has been
deposited in the DDBJ, EMBL, and GenBank databases under accession no.
AB019281.

RESULTS

Cloning and sequence analysis of CIZ. Isotope-labeled
GST-Cas SH3 fusion protein was used as a probe for far-
Western blotting to screen a lgt11 cDNA expression library
from rat 3Y1 cells. Approximately 106 clones were screened,
and we obtained 8 positive clones. Of the eight positive clones,
one clone was PTP-PEST, and another clone was C3G, which
are known as Cas SH3-binding proteins (9, 16). Four other
clones encoded the same zinc finger protein, and two of them
encoded the full-length cDNA. We named this zinc finger
protein CIZ.

The same library was screened with the obtained full-length
cDNA clone as a hybridization probe to search for the other
alternatively spliced forms of cDNA. Five strongly positive
clones were obtained, and they encoded the full-length cDNA
of different alternatives. Three of the seven full-length clones
carried the sequence shown in Fig. 1A. The protein encoded by
these clones has eight zinc fingers, and we designated this
alternative form as CIZ8 (Fig. 2A). Three other clones had six
zinc fingers with or without the insertions indicated in Fig. 1B
and 2A. These alternative forms were designated as CIZ6-1,
CIZ6-2 and CIZ6-3, respectively (Fig. 2A). One clone (CIZ5)
encoded the five-zinc-finger form (Fig. 2A). The longest form
of CIZ (CIZ8) has 579 amino acid residues, a calculated mo-
lecular mass of 63 kDa, and a pI of 9.26. The five alternative
forms were expressed in COS-7 cells and were detected with
anti-CIZ antibody (Fig. 2B). Because CIZ6-1 (Fig. 2B, lane 3)
had approximately the same mobility as the native 70-kDa
band from 3Y1 lysate (lane 7) among the cloned species, we
utilized CIZ6-1 in the following experiments.

The sequence around the initiation codon (Fig. 1A) con-
formed to Kozak’s consensus (20), and stop codons appear
upstream of the initiation codon in all frames. In the N-termi-
nal portion, leucine or isoleucine appears every six to seven
residues (shown in italic in Fig. 1A). Although we do not have
evidence that this portion takes the a-helix form, it is possible
that this part constitutes the leucine zipper. In the following
region, there appear to be plenty of serine and threonine
residues. The APPKPPR sequence from the 186th amino acid
residue conforms to the Cas SH3 binding consensus
XXPXKPX (16) and resembles the Cas SH3 binding site of
FAK (APPKPSR) (38), that of PTP-PEST (PPPKPPR) (9),
and that of C3G (APPKPPLP) (16). Just downstream of this
exists a possible nuclear localization signal, RKKKR.

The most prominent characteristics of CIZ are the five, six,
or eight Krüppel-type C2H2 zinc fingers (Fig. 2A). This type of
zinc finger is often seen in the DNA-binding motif of a tran-
scription factor. The glutamine-alanine repeat and polyglu-
tamines lie in the C-terminal region. The glutamine-alanine
repeat is found in several transcriptional modulators, such as
GAL11 and SSN6 in Saccharomyces cerevisiae, Zeste in Dro-
sophila melanogaster, and CA150 in humans (46). Polyglu-
tamines are often seen in the activation domain of transcrip-
tion factors and have a capacity to activate transcription (10).
These features, together with the existence of a possible nu-
clear localization signal, suggest that CIZ could act as a tran-
scription factor.
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The homology search by BLAST revealed that partial se-
quences of the putative human homologue of CIZ are reported
(28, 36). They cloned the partial cDNA corresponding to the
C-terminal portion of CIZ in their search for CAG repeat
protein from a human brain cDNA library (28) or from a
human testis cDNA library (36). In contrast to six glutamines
of rat CIZ we cloned, the partial sequence they reported has 15
consecutive glutamines, resulting in a longer CAG repeat.
They located the gene at human chromosome 12p12 D12S328–
D12S89 (28) or at 12p13 (36).

Tissue distribution of CIZ transcripts. Northern blot anal-
ysis of mRNA from a variety of rat tissues was performed (Fig.
2C). The 3-kb band corresponding to the cDNA of CIZ was
observed universally, but the levels of expression in testis,
heart, liver, kidney, and brain were high. Another 4-kb band
was detected in brain, liver, and kidney. Although the tissue
distribution of Cas is ubiquitous, the level of expression of Cas
is rather high in testis, kidney, and brain (42), and Cas plays an
important role in heart differentiation (13). Therefore, the
tissue distribution of CIZ is compatible with the possible in-
teraction of CIZ with Cas.

CIZ binds specifically to the Cas SH3 domain. The SH3
domains often bind nonspecifically to proline-rich sequences.
Therefore we investigated the association of CIZ with a panel
of GST fusion proteins of various SH3 domains. FLAG-tagged
CIZ (CIZ-FLAG) expressed in COS-7 cells was reacted with
immobilized GST (Fig. 3A, lane 1), GST-Cas SH3 (lane 2),
GST-Src SH3 (lane 3), GST-Fyn SH3 (lane 4), GST-Crk SH3
(lane 5), GST-Ash/Grb2 SH3 (lane 6), and GST-Abl SH3 (lane
7). In contrast to the strong binding of CIZ to Cas SH3 (Fig.
3A, lane 2), the association of CIZ with the other SH3s was
only residual, demonstrating the specificity of the association
of CIZ with Cas SH3. The mutation in the APPKPPR se-
quence (mPR) abolished the binding of CIZ to Cas SH3 (Fig.
3B, lanes 1, 2), strongly suggesting that this sequence was the
binding site for Cas SH3.

Association of CIZ with Cas. We investigated the association
of CIZ with Cas by overexpressing CIZ-FLAG and Cas in
COS-7 cells. CIZ-FLAG was detected in the anti-Cas immu-
noprecipitants (Fig. 3C, lane 1). Oppositely, we detected Cas in
the anti-FLAG immunoprecipitants (Fig. 3D, lane 2), whereas
we could not detect Cas in the immunoprecipitants when we
overexpressed mPR-FLAG and Cas (lane 1), showing again
that the APPKPPR sequence is necessary for the association of
Cas with CIZ. The mutant of Cas that lacks SH3 domain was
not detected in anti-FLAG immunoprecipitants (Fig. 3E, lane
1). In Fig. 3D and E, the slower band corresponding to the B
form of Cas (42) was detected in the immunoprecipitants by
anti-FLAG antibody. We further checked the endogenous as-
sociation of CIZ with Cas in a rat Leydig cell testicular tumor
cell line, LC-540. Like Fig. 3D and E, the slower band corre-
sponding to the B form of Cas (42) was detected in the immu-
noprecipitants by anti-CIZ antibody (Fig. 3F, lane 2), and this
band was not detected in the preimmune serum precipitants
(Fig. 3F, lane 1). The presence of CIZ in the reciprocal im-

FIG. 1. Nucleotide and predicted amino acid sequences of rat CIZ cDNA.
(A) Nucleotide sequences and predicted amino acid sequences (single-letter
code) of rat CIZ cDNA are presented. Shown in lowercase letters are noncoding
regions. Shown in italic type are the leucine or isoleucine residues, which appear
every six or seven amino acid residues in the N-terminal portion. Shown in
boldface type are the serine residues, which are rich in the following region.
Overbarred residues are the proline-rich sequence, which was shown to be the

Cas SH3 binding site in this paper. Underlined residues are the eight zinc fingers,
which are numbered underneath. The boxed nucleotides are the possible CAG
repeat portion of CIZ cDNA. ,. indicates the residues that are missing in the
alternative forms CIZ6-3 and CIZ5. p indicates the insertion point of the resi-
dues shown in Fig. 1B, in the alternative forms CIZ6-1 and CIZ6-3. () indicates
the residues that are missing in the alternative form CIZ5. {} indicates the
residues that are missing in the alternative forms CIZ 6-1, CIZ6-2, CIZ6-3, and
CIZ5. (B) Inserted nucleotide sequence and predicted amino acid sequences,
inserted at the p point of panel A, in the alternative forms CIZ6-3 and CIZ5.
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munoprecipitation was not clear (Fig. 3F, lane 3). Neither the
treatment with cytochalasin D nor the loss of cell attachment
affected the binding between CIZ and Cas (data not shown),
suggesting that the association between CIZ and Cas is con-
stitutive.

CIZ localizes to focal adhesions and nucleus. In order to see
the colocalization of CIZ with Cas, we investigated the subcel-
lular localization of CIZ. Because anti-Cas and anti-CIZ are
both made in rabbits, costaining was carried out by using a
mouse monoclonal antivinculin antibody, anti-hVIN-1 (Sig-
ma). Vinculin was shown to colocalize with Cas at focal adhe-
sions in our previous report (31). The anti-CIZ antibody
stained focal adhesions (Fig. 4A), which are visualized by an-
tivinculin antibody (Fig. 4B). Preclearing of anti-CIZ antibody
with GST-CIZ, to which this antibody was raised, abrogated
the staining at focal adhesions (data not shown). Another sec-
tion of the same cell revealed that anti-CIZ stained the nucleus
and perinuclear region (Fig. 4C). However, the perinuclear
staining was also seen in the staining of GST-CIZ-precleared
antibody (Fig. 4E) and was deemed to be nonspecific. The
localization of CIZ in nucleus is compatible with the fact that
CIZ has a putative nuclear localization signal. These results
show that CIZ localizes to focal adhesions and nucleus. To
further characterize the localization of CIZ, we viewed the
cells under several conditions. Adhesion on poly-L-lysine or
culture in serum-free medium abrogated the formation of focal
adhesions together with the localization of CIZ to focal adhe-
sions (data not shown). Stimulation with lysophosphatidic acid
in serum-free medium induced the formation of focal adhe-
sions and the localization of CIZ to focal adhesions (data not

shown). Furthermore, CIZ does not localize at newly forming
focal adhesions just after plating on fibronectin and the stain-
ing at the focal adhesion gradually becomes visible (data not
shown). Therefore, CIZ seems to be localized at stably formed
focal adhesions. The localization of CIZ in the nucleus, on the
contrary, was constantly observed, as far as we examined.

CIZ has two sequences (amino acids 52 to 62 and 84 to 94)
that contain multiple hydrophobic residues and resemble the
consensus nuclear export signal (NES) sequence, although
they do not completely match it (34, 47, 49, 55). Therefore, we
checked the effect of LMB (33), which is known to inhibit
nuclear export (21, 22), on the subcellular localization of CIZ.
LMB treatment abrogated the localization of CIZ to focal
adhesions (Fig. 4G and H), demonstrating that CIZ can trans-
locate from the nucleus to focal adhesions. The localization to
focal adhesions of CIZ was seen in the absence of LMB under
the same conditions (Fig. 4A and data not shown).

CIZ shuttles in and out of the nucleus. Subsequently, we
examined whether CIZ really shuttles into and out of nucleus
by using the cell fusion assay (4). NIH 3T3 cells transiently
expressing HA-tagged CIZ were fused with HeLa cells and
were stained with anti-HA antibody and Hoechst 33258 dye.
The nuclear staining of mouse cells (NIH 3T3) by Hoechst
33258 is spotty (Fig. 5C), and that of human cells (HeLa) is
diffuse (Fig. 5A). The staining pattern of the fused cell showed
the features of the heterokaryon of NIH 3T3 cells and HeLa
cells (Fig. 6E). If CIZ does not shuttle, anti-HA staining
should be restricted only to mouse cells, because we blocked
the protein synthesis by cycloheximide. Anti-HA antibody
stained both mouse and human nuclei, suggesting CIZ shuttles

FIG. 2. Alternative splicing forms and tissue distribution of CIZ. (A) Schematic diagram indicating the relationship among the clones obtained, including five
alternative forms. LZ, leucine zipper; PR, proline rich; NLS, nuclear localization signal; ZFs, zinc fingers; QA, glutamine-alanine repeat. (B) Immunoblotting (IB) with
anti-CIZ of the CIZ alternatives expressed in COS-7 cells and of the native CIZ in 3Y1 cells. The lanes are the lysates of mock (lane 1)-, CIZ8 (lane 2)-, CIZ6-1 (lane
3)-, CIZ6-2 (lane 4)-, CIZ6-3 (lane 5)-, and CIZ5 (lane 6)-transfected COS-7 cells and 3Y1 cell lysate (lane 7). (C) An RNA blot (Clontech) containing poly(A)1 RNA
from the indicated rat tissues (2 mg/lane) was hybridized with a labeled CIZ partial cDNA probe (RsaI fragment corresponding to 234 to 481 bp). The positions of 9.5-,
7.5-, 4.4-, 2.4-, and 1.35-kb markers are shown on the left. (D) As a control, a blot with the cDNA of human b-actin is shown.
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between the nucleus and cytoplasm (Fig. 5F). Anti-HA anti-
body did not stain nontransfected mouse and human nuclei
(Fig. 5B and D).

CIZ binds to the (G/C)AAAAA(A) nucleotide sequence. CIZ
has many characteristics of a transcription factor, such as
Krüppel-type zinc fingers, the glutamine-rich region, and the
nuclear localization signal, and we thus expected that CIZ
could have a DNA-binding capacity. In order to determine the
consensus binding sequences of CIZ, we performed the CAST-
ing analysis (58). The nuclear extract from COS-7 cells trans-
fected with CIZ-FLAG was mixed with random oligomers and
was incubated. After immunoprecipitation by anti-FLAG, the
bound oligomer was extracted and was amplified by PCR. The
amplified oligomer was again incubated with the CIZ-FLAG-
expressing nuclear extract. This process was repeated five
times, and the oligomer obtained was subcloned into pBlue-
Script and was sequenced. We obtained the results shown in
Fig. 6A. The consensus sequence of the obtained oligonucle-
otides was (G/C)AAAAA(A).

CIZ binds to the CCTTTTTCAAAAAGA sequence of the
human MMP-1 promoter. A homology search revealed that
the human MMP-1 (collagenase) promoter includes the CIZ-
binding consensus sequence CCTTTTTCAAAAAGA, which
resides from 2320 to 2305 (2). In order to check if this se-
quence binds CIZ, we performed the EMSA. The nuclear

extract of CIZ-FLAG- or mock-transfected COS-7 cells was
mixed with the isotope-labeled oligomer and was electropho-
resed. DNA-protein complex was detected with CIZ-overex-
pressing COS-7 cells (Fig. 6B, lane 2) but not with mock-
transfected cells (lane 1). DNA-protein complex was abolished
when competed with cold oligonucleotides (lane 3), but not by
mutant oligonucleotides (lane 4). Anti-CIZ clearly super-
shifted the DNA-protein complex, showing that this complex
includes CIZ (lane 5). The nuclear extract of LC-540 also
formed a DNA-protein complex (Fig. 6C, lane 7) that was
supershifted by anti-CIZ (lane 10). The DNA-protein complex
was abolished when competed with cold oligonucleotides (lane
8), but not by mutant oligonucleotides (lane 9). These results
indicate that endogenous CIZ is included in the DNA-protein
complex.

CIZ upregulates the transcription from MMP promoters.
To determine whether CIZ enhances transcription through
interaction with this sequence, we cotransfected NIH 3T3 cells
with the expression vector of CIZ and the reporter constructs
containing four tandem copies of this sequence linked to the tk
basal promoter, designated (CIZBC)4-tk. Luciferase activity
driven by this (CIZBC)4-tk promoter increased by 2.5- to
3-fold (Fig. 7A, lanes 1 and 2) with the expression of CIZ,
while the chimeric promoter carrying mutations, designated
(mCIZBC)4-tk, exhibited no increase in the luciferase activity

FIG. 3. Association of CIZ with Cas. (A) FLAG-tagged CIZ expressed in COS-7 cells was precipitated with GST (lane 1), GST-Cas SH3 (lane 2), GST-Src SH3
(lane 3), GST-Fyn SH3 (lane 4), GST-Crk SH3 (lane 5), GST-Ash/Grb2 SH3 (lane 6), and GST-Abl SH3 (lane 7) and was immunoblotted with anti-FLAG (upper row).
The samples were electrophoresed and stained with Coomassie blue (bottom row). Total lysates of COS-7 cells expressing CIZ-FLAG were also immunoblotted (lane
8). (B) FLAG-tagged CIZ (lanes 1 and 5), mPR mutant of CIZ-FLAG (lanes 2 and 6), and mock (lanes 3 and 7)-transfected COS-7 cell lysates were incubated with
GST-Cas SH3 (lanes 1, 2, and 3) or with GST (lanes 5, 6, and 7) and immunoblotted with anti-FLAG. Lanes 4 and 8 contained GST-Cas SH3 or GST alone, respectively.
vec, vector. (C) CIZ-FLAG was expressed in COS-7 cells, and the lysates were immunoprecipitated (IP) with anti-Cas2 (lane 1) or with preimmune (Pre) serum (lane
2). The total cellular lysates (TL) are shown in lane 3. The samples were immunoblotted with anti-Cas2 in the upper row and immunoblotted with anti-FLAG in the
bottom row. (D) Association between CIZ and Cas expressed in COS-7 cells. CIZ-FLAG (lanes 2 and 6) or mPR-FLAG (lanes 1 and 5) was expressed in COS-7 cells
together with Cas. Cas alone (lanes 3 and 7) and CIZ-FLAG alone (lanes 4 and 8) were also expressed. In lanes 1 to 4, the lysates were immunoprecipitated with
anti-FLAG. In the upper row, the filter was immunoblotted with anti-Cas2. In the bottom row, the same immunoprecipitant was immunoblotted with anti-FLAG. (E)
The wild-type Cas (wtCas) (lanes 1 and 3) and the mutant of Cas that lacks the SH3 domain (lanes 2 and 4 [dSH3]) were expressed together with FLAG-tagged CIZ.
The lysates were immunoprecipitated with anti-FLAG antibody and immunoblotted with anti-Cas2 (upper row) or anti-CIZ (lower row). (F) The lysates of LC-540 cells
were immunoprecipitated with preimmune serum (lane 1), anti-CIZ (lane 2), and anti-Cas2 (lane 3). In the upper row, the filter was immunoblotted with anti-Cas2,
and in the lower row, the filter was immunoblotted with anti-CIZ.
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(lanes 3 and 4). These results indicate that CIZ can act through
this sequence to enhance transcription. Next, we addressed
whether CIZ is capable of transactivating the native MMP-1
promoter. NIH 3T3 cells were cotransfected with the expres-
sion vector of CIZ and the 2517/163 MMP-1 promoter fused
to the luciferase reporter. Luciferase activity driven by the
MMP-1 promoter also increased by 2.5- to 3-fold (Fig. 7B,
lanes 1 and 2). In contrast, CIZ had no effect on the luciferase
activity from the MMP-1 promoter that was mutated at the
CIZ binding consensus sequence (lanes 3 and 4). These results
show that the CIZ transactivates the MMP-1 promoter
through this sequence. The consensus sequence, (G/C)AAAA
A(A), obtained in the CASTing of CIZ, is observed in the
promoter regions of the other members of MMPs, such as
MMP-3 (stromelysin) and MMP-7 (matrilysin). Unlike
MMP-1, which has only one CIZ-binding consensus sequence,
promoter regions of MMP-3 and of MMP-7 have plenty of the
consensus sequences. NIH 3T3 cells were cotransfected with
the expression vector of CIZ and the MMP-3 or MMP-7 pro-
moter fused to the luciferase reporter. The luciferase activities
increased by 4-fold in the MMP-3 promoter (Fig. 7C) and
10-fold in the MMP-7 promoter (Fig. 7D) by the overexpres-
sion of CIZ. In order to see whether the transactivation of
MMP promoters by CIZ is direct, we generated a mutant, dZF,
that lacks the zinc finger domain. This mutant had no trans-
activation activity, but repressed the basal level of transcription
of the MMP-7 promoter (Fig. 7D), showing that the transac-
tivation by CIZ is not mediated by other proteins but is direct.
The repression by the dZF mutant was also observed with the
MMP-1 and -3 promoters (data not shown).

Cas slightly enhances transactivation by CIZ. In order to
see the effect of Cas on transactivation by CIZ, we transiently
expressed Cas in Cas2/2 fibroblasts (13) and checked the
transactivation of the MMP-7 promoter by CIZ. CIZ increased
the transcription from MMP-7 promoter by four- to fivefold

(Fig. 7E) in Cas2/2 fibroblasts, indicating that Cas is not ab-
solutely necessary for this transactivation. However, repeated
experiments revealed that the coexpression of Cas in Cas2/2

fibroblasts slightly (1.4- to 2-fold) enhanced the transactivation
of the MMP-7 promoter by CIZ (Fig. 7E and data not shown).
The mPR mutant of CIZ, which does not bind Cas, also in-
creased the luciferase activities from the MMP-7 promoter by
four- to fivefold, but simultaneous expression of Cas did not
enhance the transactivation (Fig. 7E). This result suggests that
the association of Cas with CIZ enhances the transactivation
activity of CIZ. In NIH 3T3 cells, which express the endoge-
nous Cas, the enhancement by the coexpression of Cas was not
apparent (data not shown).

Secretion of MMP-7 is enhanced in HT1080 cells stably
expressing CIZ. Finally, we investigated the secretion of
MMP in the cultured medium of HT1080 cells stably ex-
pressing CIZ. We checked the proMMP-7 level in the con-
ditioned medium of HT1080 cells overexpressing CIZ, be-
cause the enhancement of the luciferase assay from the
MMP-7 promoter by CIZ was larger than those from the
other MMP promoters investigated. Two mock-transfected
HT1080 cell lines, m-1 and m-2 (Fig. 7F, lanes 1 and 2), and
two CIZ-expressing HT1080 cell lines, C-1 and C-2 (lanes 3
and 4), were cultured in serum-free Dulbecco’s modified
Eagle’s medium with 100 ng of 12-O-tetradecanoylphorbol-
13-acetate (TPA) for 3 days. TPA was added to enhance the
basal production of MMP-7 above the detection level. The
supernatants were concentrated 20-fold with ULTRA-
FREE-MC (Millipore), electrophoresed by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis, and immuno-
blotted with anti-proMMP-7. The supernatants of C-1 and
C-2 contained more proMMP-7 than those of m-1 and m-2
(Fig. 7G). This result shows that overexpression of CIZ
upregulated the secretion of MMP-7.

FIG. 4. Subcellular localization of CIZ. (A to F) 3Y1 cells were grown overnight on the uncoated coverslips. (G and H) After overnight culture, 3Y1 cells were
treated with LMB (10 ng/ml) for 24 h. Immunofluorescence was performed with anti-CIZ (1:400) (A, C, and G) precleared by GST or with anti-CIZ precleared by
GST-CIZ (E), together with antivinculin antibody (B, D, F, and H) as described previously (31). Panels A, B, G, and H show the sections at the height of focal adhesions.
Panels C, D, E, and F show the sections at the height of the nucleus.
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DISCUSSION

In this paper, we report the molecular cloning of the cDNA
encoding a novel zinc finger protein, CIZ. It was identified by
far-Western screening of the rat 3Y1 cDNA library with GST-
Cas SH3 fusion protein as a probe. The amino acid sequence
of CIZ revealed that CIZ has a proline-rich sequence, which
was subsequently shown to be the binding site for the Cas SH3
domain. The binding is specific to Cas SH3, and this sequence

conforms to the Cas SH3-binding consensus (16). CIZ binds to
Cas in cells and colocalized with Cas at focal adhesions. These
results suggest that CIZ binds Cas at focal adhesions, at least
when they are formed. However, as often happens with binding
through SH3 domains, the binding of CIZ with Cas persists
even after the focal adhesions are destroyed.

Subsequently, we showed that CIZ is localized both at focal
adhesions and in the nucleus and that CIZ is a nucleocytoplas-

FIG. 5. Nuclear-cytoplasmic shuttling of CIZ. (A) Nontransfected HeLa cells were stained with Hoechst 33258 dye. (B) The same cells as in panel A stained with
anti-HA. (C) Nontransfected NIH 3T3 cells were stained with Hoechst 33258. (D) The same cells as in panel C stained with anti-HA. (E) A heterokaryon of HeLa
cells, CIZ-HA-transfected NIH 3T3 cells, and a nearby NIH 3T3 cell were stained with Hoechst 33258. (F) The same cells as in panel E stained with anti-HA.
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mic shuttling protein. Although the decisive data are lacking,
these facts might imply that CIZ shuttles between focal adhe-
sions and the nucleus. As far as we know, there are two other
proteins that shuttle between focal adhesions and the nucleus,
c-Abl (25, 47) and zyxin (34). Both proteins are reported to
have a functional NES. As described above, two sequences of
CIZ, amino acids 52 to 62 and 84 to 94, resemble the consensus
NES sequence (34, 47, 49, 55), and these sequences could be
the candidates for NESs. In fact, CIZ was localized exclusively
to the nucleus and was not localized at focal adhesions when
the cells were treated with LMB. However, the predominant
localization of CIZ in the nucleus, especially when overex-
pressed, might indicate that the possible NES is weak or that
some modification might be necessary for the NES of CIZ to
become functional. Otherwise, the putative NES is usually
masked by the binding partner of CIZ or by the possible
oligomerization of CIZ.

The localization of Cas to focal adhesions is dependent on
the Cas SH3 domain (31). The binding partners of the Cas SH3
domain, which are responsible for Cas localization to focal
adhesions, are thought to be FAK or PYK2/CAKb/RAFTK/
CADTK (31, 50). These argue against the possibility that CIZ,
which binds the Cas SH3 domain, is recruited to focal adhe-
sions by binding with Cas. In contrast to c-Abl, which is known
to move transiently from nucleus to focal adhesions upon cell
attachment (25), CIZ does not localize at newly forming focal
adhesions, but only at a later stage of the formation of focal
adhesions. In addition, we could not detect the stimuli that
abolish nuclear staining by anti-CIZ antibody. Abrogation of
the localization of CIZ to focal adhesions by treatment with

LMB indicates that CIZ molecules at focal adhesions are de-
rived from the nucleus. These facts suggest that CIZ usually
exists in the nucleus and is recruited out of the nucleus when
cells form stable focal adhesions and stress fibers. We also
showed that CIZ can translocate from cytoplasm to nucleus
(Fig. 5). We can speculate that CIZ goes back to nucleus, not
when focal adhesions are newly formed, but when focal adhe-
sions are removed.

The other features of CIZ are its zinc fingers, glutamine-
alanine repeat, glutamine-rich region, and nuclear localization
signal. These features suggest that CIZ is a transcription fac-
tor. Therefore, we performed CASTing analysis to find the
consensus DNA-binding sequence of CIZ. The homology
search of consensus CIZ-binding sequences, (G/C)AAAAA,
revealed that several MMPs have sequences similar to this
consensus in their promoter regions. In fact, CIZ binds to the
CCTTTTCAAAAAGA sequence of the human MMP-1 pro-
moter and upregulates the transcription from the MMP-1,
MMP-3, and MMP-7 promoters. We also showed that overex-
pression of CIZ enhances the secretion of proMMP-7 in the
culture medium.

MMPs are reported to be upregulated by the treatment with
TPA, epidermal growth factor, tumor necrosis factor, interleu-
kin-1 (IL-1), and various other stimuli (2, 8, 29, 30, 39). Inte-
grin stimulation, disruption of cytoskeleton, and activation of
Rac-1 are also shown to increase the expression of MMP-1 (1,
14, 15, 23, 40, 56). At the transcriptional level, MMPs are
known to be regulated by the AP-1 complex (2, 8, 39), by Ets
transcription factors (57), and by Tcf (6). The binding of CIZ
to the promoter region of MMP-1 and the transactivation of

FIG. 6. CIZ has DNA-binding consensus sequences. (A) Results of CASTing described in Materials and Methods. (B) Overexpressed CIZ binds to the
CCTTTTTCAAAAAGA sequence of the human MMP-1 promoter. EMSA was performed with the nuclear extract of CIZ-FLAG (lanes 2 to 5)-transfected cells and
with that of mock (lane 1)-transfected COS-7 cells. The horizontally lined arrowhead indicates the DNA-protein complex (lanes 2, 4, and 6). The supershifted band
is indicated by the vertically lined arrowhead (lane 5). The background band caused by immunoglobulin was indicated by the open arrowhead (lanes 5 and 6). (C)
Endogeneous CIZ is included in the DNA-protein complex (lane 7). The supershift band was observed in panel B (lane 10).
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the MMP promoters by the overexpression of CIZ indicate
that CIZ is another transcription factor that regulates MMP
promoters. The dominant-negative form of CIZ, if it exists,
would be useful for elucidating the stimulation in which CIZ is
involved. Although the mutant lacking the zinc finger domain
of CIZ slightly lowers the basal transcription level of MMP
promoters, it did not abrogate the transactivation by the over-
expression of CIZ (data not shown). Therefore, this mutant
was not necessarily the dominant-negative form of CIZ. An-
other method of detecting the stimuli in which CIZ is involved
is induction of a DNA-protein complex in the EMSA. Al-
though we detected the stable DNA binding of CIZ, neither
induction nor enhancement of the DNA-binding activity of
CIZ was observed. A search for the stimulation which en-
hances or reduces the DNA-binding activity of CIZ would be
necessary to find the signalling pathway in which CIZ has an
important role.

In this report, we could show the significance of Cas-CIZ
interaction only in the slight enhancement of transactivation in
Cas2/2 cells, and CIZ could still transactivate even without
Cas. This, together with the fact that Cas is not localized in the
nucleus (12, 31), argues against the idea that Cas acts as a
direct cofactor for CIZ in the nucleus. Rather, Cas would act
upstream of the signalling that modulates the transactivation
by CIZ. Cas is reported to transmit signals from integrins (35,
44, 54). Downstream of Cas are the actin bundle formation
(13), cell movement (5, 19), and activation of Rac-1 (7, 18).
Although direct signaling from Cas to MMPs is not known,

Rac-1, which lies downstream of tyrosine-phosphorylated Cas
(7, 18), is reported to increase MMP-1 through an NF-kB–IL-1
loop (15). MMPs are also reported to be regulated by integrin
stimulations (14, 23, 40, 41, 56). Furthermore, transformation
by v-Src or v-Crk, which is known to enhance the tyrosine
phosphorylation of Cas (42), is also reported to elevate the
secretion of MMPs (11, 52). Cell motility and the secretion of
MMPs are important steps in tissue morphogenesis, angiogen-
esis, and tumor invasion and metastasis. We can speculate that
the CIZ-MMP signaling might be one of the various pathways
downstream of the integrin-Cas signaling. However, at present,
we have failed to show the involvement of CIZ in the integrin-
Cas signaling.

Finally, another prominent feature of the CIZ cDNA is the
presence of a CAG repeat. The abnormal elongation of CAG
repeats and the accumulation of elongated polyglutamines in
the nucleus of neurons are reported to be the cause of several
neurodegenerative disorders (45). As described above, CIZ is
localized in the nucleus (Fig. 4) and is expressed in the brain
(Fig. 2C). Therefore, CIZ could be a candidate protein that
causes a neurodegenerative disorder, and investigations in this
direction should also be of interest.
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