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A Yeast Two-Hybrid Screen Identifies Histone H2A.Z as a
Transcription Factor ZNF24 Interactor
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ABSTRACT

ZNF24 is a pleiotropic factor that has a role in transcription regulation, hematopoiesis, brain development, and cancers, but the molecular
mechanisms underlying its functions are not clearly understood. In this study, histone variant H2A.Z has been identified in yeast-two-hybrid
assays with ZNF24 as bait. GST pull-down, co-immunoprecipitation and co-localization assays confirm the interaction between ZNF24 and
H2A.Z. H2A.Z has been implicated in many diverse biological processes. High expression of H2A.Z is ubiquitously detected in the progression
of breast cancer, and is significantly associated with lymph node metastasis and patient survival. Thus, our results provide important
information for the molecular mechanisms of ZNF24 functions and suggest that ZNF24 may be is implicated in transcriptional regulation of
genes associated with oncogenesis by interaction with H2A.Z. J. Cell. Biochem. 113: 3411-3418, 2012. © 2012 Wiley Periodicals, Inc.
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T he zinc finger protein 24 (ZNF24, also known as ZNF/Zfp191
[Shi et al., 1998; Han et al., 1999]) belongs to the SCAN
domain subfamily of Kriippel-like zinc finger transcription factors
[Sander et al., 2003]. This gene is initially named as RSG-A (for
retinoic acid suppressed gene-A) because its mRNA can be amplified
by homologous RT-PCR only in retinoic acid-untreated but not in
retinoic acid-treated acute promyelocytic leukemia NB4 cells
[Han et al., 1999]. ZNF24 contains four continuous typical C,H,
zinc fingers in its C-terminus, and one SCAN domain in its
N-terminus [Rousseau-Merck et al., 1991; Han et al., 1999]. Whereas
Kriippel-like zinc fingers bind to DNA-specific sequences and are
widely represented in all species [Klug and Schwabe, 1995], the
SCAN domain participates in protein-protein interactions and has to
date only been found in vertebrates [Schumacher et al., 2000; Nam
et al., 2004] with a remarked absence in birds. ZNF24 shows 94%
identity to its mouse homolog Zfp191, which is the most highly
conserved among the human-mouse SCAN family member
orthologs pairs [Edelstein and Collins, 2005]. The SCAN domain
of ZNF24 displays a suppressive effect on the transcription in CHO
and NIH3T3 cells [Han et al., 1999]. The ZNF24 gene is located on
chromosome 18q12.1 [Rousseau-Merck et al., 1991; Shi et al., 1998;
Han et al., 1999], a region frequently deleted in a number of

human cancers [Vogelstein et al, 1988; Kern et al., 1989;
Papadimitrakopoulou et al., 1998; Richard et al., 2000].

ZNF24 is involved in negative regulation of VEGF and PDGFRB
and may represent a novel repressor of VEGF and PDGFRB
transcription [Harper et al., 2007; Li et al., 2010]. We have recently
shown that ZNF24 is a pleiotropic factor that has a role in
hematopoiesis, brain development and cancers [Li et al., 2009], but
the molecular mechanisms underlying its functions are not clearly
understood. Our previous study, gene targeting provided the first
evidence that ZNF24 has important functions, because the null
mutation caused early embryonic lethality in mice [Li et al., 2006].
Recent studies suggest ZNF24 is necessary to maintain neural cells
in a cycling progenitor status by preventing them from leaving the
cell cycle and being committed into a differentiation pathway
[Khalfallah et al., 2009]. In addition, ZNF24 is required for the
myelinating function of differentiated oligodendrocytes [Howng
et al., 2010].

As identification of proteins that interact with ZNF24 may
provide important clues to understanding its regulation and
function, we performed a protein-protein interaction screen using
ZNF24 as bait. By doing so, we identified the histone H2A.Z, as a
novel ZNF24 interacting protein. Based on our data and those
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reported by others, we propose that this newly identified protein-
protein interaction might be involved in transcriptional regulation
of genes associated with oncogenesis.

PLASMID CONSTRUCTION

DNA encoding amino acids 1-250 of human ZNF24 was amplified
by PCR using appropriate primers, and the product was cloned into
the EcoRI/Sall sites of pGBKT7 (Clontech) vector. The resulting
construct, pGBKT7-ZNF24 (1-250), was used as the bait plasmid in
yeast two-hybrid experiments described throughout this report.
DNA encoding amino acids 1-250 or full-length of human ZNF24
was amplified by PCR and was cloned into the Xhol/Sacll sites of
pEGFP-N1 (Clontech), the Sall/Bglll sites of pCMV-HA (Clontech)
and the BamHI/Xhol sites of PGEX-4T-2 (GE Healthcare Life
Sciences) yielding pEGFP-ZNF24-1-250, pEGFP-ZNF24, pCMV-
HA-ZNF24, and pGEX-ZNF24, respectively. Full-length H2A.Z was
amplified by PCR and was cloned into the Hindlll/Sacll sites of
pDsRed-Monomer-N1 (Clontech) and the Xhol/HindIll sites of
pcDNA3.1-myc-His B (Invitrogen), yielding H2A.Z-dsRed and
Myc-H2A.Z fusion proteins, respectively. The sequences of all
constructs were confirmed by DNA sequencing.

YEAST TWO-HYBRID ASSAYS

The yeast strain AH109 was cotransformed with the Hela cDNA
library (cloned into the GAL4 activation domain of the vector pACT2
(BD Clontech)) and the pGBKT7-ZNF24 (1-250) clone. Colonies that
grew successfully on the selective media SD/-Ade/-His/-Leu/-Trp,
were screened further for reporter gene B-galactosidase expression
by the colony lift filter assay. Plasmid DNA was isolated from
positive clones and transformed into Escherichia coli competent
cells to enable isolation and sequencing. Plasmid DNA was
sequenced and clones identified by BLAST searches (http://www.
ncbi.nlm.nih.gov/BLAST/).

CO-IMMUNOPRECIPITATIONS

Approximately 2 x 10° human embryonic kidney (HEK293) cells
(obtained from American Type Culture Collection) were transiently
transfected with 2pg of the each relevant plasmid using
LipofectAMINE 2000 (Invitrogen), according to the instructions
of the manufacturer. After 48 h, cells were harvested and lysed in
50 mmol/L Tris-HCl (pH 8), 150 mmol/L NaCl, and 1% Triton X-100
supplemented with complete protease inhibitor cocktail (Roche
Diagnostics). Lysates were sonicated and cell debris was removed by
centrifugation. Supernatants were incubated with 1ug mouse
monoclonal anti-myc or anti-HA or anti-ZNF24 antibody or mouse
normal IgG (Santa Cruz Biotechnology) overnight at 4°C, followed
by the addition of 20 pl Protein A/G PLUS-Agarose (Santa Cruz
Biotechnology). The beads were pelleted by centrifugation; the
supernatant was removed, and the pelleted beads were washed five
times with 1 ml of phosphate buffered saline (PBS). Proteins were
eluted with 40 pl of 1x SDS protein loading buffer [0.0625 mol/L
Tris-HCl (pH 6.8), 29 SDS, 10% glycerol, and 5% B-mercaptoetha-
nol] for 5min at 100°C. Inputs and co-immunoprecipitates were

subjected to SDS-PAGE and transferred to a nitrocellulose
membrane (Hybond-C, Amersham Biosciences).

WESTERN BLOTTING

For analyzing the immunoprecipitates, Western blots carrying
inputs and immunoprecipitated samples were first incubated with
primary antibody (rat anti-HA or mouse anti-myc or rabbit H2A.Z)
followed by appropriate HRP-conjugated antibodies. Proteins
were visualized by enhanced chemiluminescence kit (Amersham
Biosciences).

GST PULL-DOWN ASSAY

BL21-Gold (DE3) bacteria (Stratagene) were transformed with GST
constructs, and single colonies were grown in a lysogenic broth (LB)
starter culture overnight. Two hundred milliliters of LB were
inoculated with 5ml starter culture at 37°C with shaking for
approximately 2 h until absorbance at 600 nm reached between 0.6
and 0.8. Culture was induced with 0.25mM isopropyl B-p-1-
thiogalactopyranoside (IPTG) and grown at 30°C for 4 h. Cells were
pelleted by centrifugation at 3,000g for 15min. Cells were
resuspended in lysis buffer [50 mM Tris pH 8.0, 150 NaCl, 0.5%
(v/v) NP-40, 1x Complete EDTA-free protease inhibitor complex
(Roche)]. Resuspension was incubated with lysozyme for 0.5 h, then
sonicated to homogenize lysate. Lysate was centrifuged at 15,0009
for 30 min. Supernatant was collected and stored at —80°C until use.
Cleared lysates were thawed and protein concentration was
determined with BCA assay (Pierce), according to manufacturer’s
instructions. Glutathione-sepharose beads (Amersham-Pharmacia)
were washed and resuspended in lysis buffer, to make a 50%-bead
slurry. Two hundred microliters of bead slurry was incubated with
2 g bacterial lysate for 1h at 4°C. Beads were washed with lysis
buffer. H2A.Z-Myc transfected HEK 293 cells were harvested 48 h
after transfection in lysis buffer. Homogenates were cleared by
centrifugation, as described in immunoprecipitation procedure.
Cleared homogenates were precleared with unbound 100wl
glutathione-sepharose bead slurry for 1h at 4°C. Extracts were
then incubated with 100 pl of GST protein-bound glutathione beads
for 2h at 4°C. Beads were then washed with lysis buffer. Samples
were boiled, and separated by polyacrylamide gel electrophoresis for
analysis with Coomassie stain or immunoblotting.

FLUORESCENCE MICROSCOPY

HEK293 cells and human breast adenocarcinoma cells (MCF-7;
obtained from American Type Culture Collection) were seeded into
24-well plates containing sterilized glass cover slips and transiently
co-transfected with 250 ng vector DNA (125 ng pEGFP-ZNF24 or
pEGFP-ZNF24-1-250 and 125ng pDsRed-H2A.Z) and 2 pl Lipo-
fectamin™ 2000 transfection reagent (Invitrogen). At 48h post-
transfection the cells mounted on coverslips were fixed with 4% (w/
v) formaldehyde in PBS for 10min at room temperature, then
permeabilized with 0.5% Triton X-100 in PBS for 10 min. Images
were captured using confocal laser scanning microscopy (Leica
SP5). For immunofluorescence staining, the cells were fixed with 4%
(w/v) formaldehyde in PBS for 10 min at room temperature, then
permeabilized with 0.5% Triton X-100 in PBS for 10min and
blocked with 0.2% Triton X-100 and 5% horse serum in PBS for 1 h.
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Cells were washed in PBS, subsequently incubated for 1 h with anti-
ZNF24 mouse monoclonal antibody (Santa cruz Biotechnology) and
anti-H2A.Z rabbit antibody (Cell signaling), washed with PBS, and
incubated with donkey anti-mouse Alexa Fluor 488 antibody and
donkey anti-rabbit Alexa Fluor 546 antibody (Molecular Probes,
Invitrogen) for 40 min. Cells were washed with PBS, and nuclei were
stained with 4’,6-diamidino-2-phenylindole (DAPI).Images were
captured wusing Nikon Diaphot 200 inverted fluorescence
microscope.

IDENTIFICATION OF THE HISTONE H2A.Z BINDING PROTEIN

To search for novel ZNF24 interactors, the Matchmaker Two-Hybrid
System 3 was used to screen the Hela cDNA libraries fused to the
GAL4 activation domain (Fig. 1B). Transfection of the ZNF24-bait
alone in yeast cells did not yield any growth on histidine-deficient
plates, as expected. Co-transfection of the bait with the Hela cDNA
interaction library resulted in 54 colonies that grew on fully
selective medium. Of these, 36 were selected for further analysis.
Sequencing revealed that two of these yeast colonies contained
PACT?2 plasmids encoding the full-length H2A.Z. Co-transfection of
these pAD-H2A.Z plasmids with standard control plasmids encoding
lamin-B and p53 turned out to be negative. However, yeast cells co-
transfected with the ZNF24 bait and the pACT2-H2A.Z plasmids
were able to grow on fully selective medium and turned blue in a B-
galactosidase assay (Fig. 1C), thereby validating the yeast two-
hybrid interactions observed.

ZNF24 INTERACTS WITH H2A.Z IN VITRO

To investigate whether the ZNF24 protein interacts directly with
H2A.Z, glutathione S-transferase (GST) pull-down analyses were
performed, using GST-ZNF24 fusion proteins produced in E. coli.

A SCAN C2H2

1 52 134
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DNA-BD
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Fig. 1.

prey

Full-length Myc-tagged H2A.Z (H2A.Z-Myc) proteins were obtained
by transfecting HEK293 cells, leading to the generation of a SDS-
PAGE protein band of expected size, 14kDa (Fig. 2A; Input). After
performing GST pull-down assays using the GST-ZNF24 fusion
protein and GST alone, we observed that the H2A.Z protein co-
precipitated with the GST-ZNF24 fusion protein (Fig. 2A), but not
with the GST protein, thus confirming a direct interaction between
ZNF24 and H2A.Z.

ZNF24 INTERACTS WITH H2A.Z IN VIVO
In order to assess the ZNF24-H2A.Z interaction in mammalian cells,
we transiently transfected HEK293 cells with HA-ZNF24 and/or
H2A.Z-Myc constructs. Subsequently, immunoprecipitations were
performed on single and double transfectants, using anti-HA and
anti-Myc antibodies to precipitate the respective proteins (Fig. 2B,C).
The resulting immunoprecipitation products were analyzed using
western blotting in conjunction with either anti-HA (Fig. 2B) or anti-
Myec (Fig. 2C) antibodies. Ten percent of total lysates were loaded as
controls (Fig. 2B,C; Input). In single ZNF24 and double ZNF24/
H2A.Z transfectants, ZNF24 was readily detected as a 43 kDa protein
(including the HA-tag; Fig. 2B) which was not present in single
H2A.Z transfectants. Conversely, in single H2A.Z and double
ZNF24[H2A.Z transfectants, H2A.Z could readily be detected as a
14kDa protein (including the Myc-tag; Fig. 2C). The variations
observed in band intensities are due to variations in the respective
transfection efficiencies. In order to exclude cell-type specific
effects, these immunoprecipitations were replicated in Hela cells
in the same fashion as outlined above. Again, we observed
co-immunoprecipitation of exogenous ZNF24 and H2A.Z (data not
shown).

In order to assess whether the ZNF24-H2A.Z interaction is present
at physiologically relevant levels, we performed co-immunoprecip-
itation with an anti-ZNF24 antibody or mouse normal IgG using

368 C

candidate pACT2-cDNA

pPGBKT7-ZNF24-N

pGBKT?

Screening of interaction partners of ZNF24 in a yeast two-hybrid assay. A: Schematic diagram illustrating the structure of ZNF24 with its SCAN domain N-terminus,

zinc finger C-terminus. B: Components of the yeast two-hybrid assay: bait (ZNF24-N(1-250aa) fused to GAL4-DNA binding domain) and prey (Hela cDNA library fused to GAL4
activation domain. N = N-terminus, C = C-terminus, GAL4 BD = GAL4-DNA binding domain, GAL4 AD = GAL4 activation domain. C: Results from co-transformation of the
Yeast strain AH 109 with the prey-candidate (H2A.Z) and either pGBKT7-ZNF24 (bait) or pGBKT7 (control plasmid). Transformed colonies were spotted and grown on
nutritionally selective plates (-Ade, -Leu, -His, -Trp) and examined by B-galactosidase activity. Blue colonies indicate reporter gene expression in AH109. When AH109 is
cotransformed with the candidate plasmid pACT2-cDNA and the insert-less pGBKT7 absent colony growth proved for the correctness of the candidate. [Color figure can be seen
in the online version of this article, available at http://wileyonlinelibrary.com/journalfjcb]
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Fig. 2. ZNF24 interacts with H2A.Z. A: HEK293 cells expressing H2A.Z-Myc protein were lysed and probed for interaction with either GST-ZNF24 or GST alone. Specific
interaction between ZNF24 and H2A.Z was detected by western blot analysis using an anti-Myc antibody. B, C: HEK293 cells were transiently transfected with HA-ZNF24,
H2A.Z-Myc or both as indicated on top. Inmunoprecipitations were performed with anti-HA and anti-Myc antibodies as indicated. Western blot analyses were performed with
(B) an anti-HA antibody, and (C) an anti-Myc-antibody. The positions of the immunoreactive HA-ZNF24 and H2A.Z-Myc proteins are marked on the right.
D: Immunoprecipitations were performed with an anti-ZNF24 antibody or normal 1gG using normal HEK293 cells, followed by immunoblotting with an anti-H2A.Z antibody.

normal HEK293 cells, followed by immunoblotting with an anti-
H2A.Z antibody. Figure 2D showed that after immunoprecipitation
with the ZNF24-specific antibody, H2A.Z was detected, but not with
mouse normal IgG. Taken together, these combined immunopre-
cipitation analyses confirm the presence of an in vivo physical
interaction between these two proteins in mammalian cells.

ZNF24 AND H2A.Z CO-LOCALIZE WITHIN MAMMALIAN CELLS
To assess whether the observed interaction between ZNF24 and
H2A.Z is operative in mammalian cells, we determined the sub-
cellular localization of both proteins in HEK293 and MCF-7 cells.
HEK293 and MCF-7 cells were transiently co-transfected with
ZNF24-GFP and H2A.Z-dsRed expression constructs. Subsequently,
the transfected cells were assayed for the sub-cellular localization of
the respective proteins. Double ZNF24 and H2A.Z transfectants
showed a (near) perfect nuclear co-localization (Fig. 3A,B).
Moreover, immunofluorescence staining also shows that ZNF24
and H2A.Z proteins have a (near) perfect nuclear co-localization in
HEK293 (Fig. 3C), suggesting that the interaction of ZNF24 with
H2A.Z is present at physiologically relevant levels.

In order to assess whether the ZNF24-1-250 which lacks zinc
finger region (251-368aa) and H2A.Z interaction is present in living

cells, HEK293 cells were transiently transfected with expression
plasmids encoding ZNF24-1-250-EGFP and H2A.Z-dsRed, either
each alone or both together. HEK293 cells transfected with GFP or
red fluorescent protein (RFP) alone displayed diffuse fluorescence
(data not shown). As shown in Figure 4A, cells transfected with GFP-
tagged ZNF24-1-250 indicated a whole-cell distribution. Cells
transfected with H2A.Z-dsRed indicated a predominantly nuclear
localization (Fig. 4B). When cells co-expressed GFP-tagged ZNF24-
1-250 and dsRed-tagged H2A.Z (Fig. 4C), the subcellular localiza-
tion of H2A.Z remained primarily in the nucleus; interestingly, a
small quantity of cells showed nuclear localization of ZNF24-1-250-
EGFP. Fluorescence images analysis showed that ZNF24-1-250 and
H2A.Z co-localized in the nucleus, suggesting that the N-terminus
of ZNF24 from amino acids 1 to 250 was sufficient for H2A.Z
binding.

Zinc finger proteins represent the largest family of transcription
factors, because of their large representation within all species, their
implication in a wide range of functions, and their association with
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Fig. 3. Sub-cellular (co-)localization of ZNF24, H2A.Z in HEK293 and MCF-7 cells. A: HEK293 cells were transiently co-transfected with ZNF24-EGFP (green) and H2A.Z-
dsRed (red) expression constructs. B: MCF-7 cells were transiently co-transfected with ZNF24-EGFP (green) and H2A.Z-dsRed (red) expression constructs. Images were
captured using confocal laser scanning microscopy. C: HEK293 cells were stained with anti-ZNF24 antibody (green), anti-H2A.Z antibody (red) and DAPI staining of the nuclei

(blue). The overlay of the different signals (Merge) reveals a partial colocalization of the respective proteins. Images were captured using fluorescent microscopy. [Color figure

can be seen in the online version of this article, available at http://wileyonlinelibrary.com/journalfjcb]

other functional domains, such as homeodomains or KRAB or SCAN
domains. The SCAN domain [Williams et al., 1995] (an acronym for
the proteins in which it was first found — SRE-ZBP, CTfin-51, AW-1,
Number 18 cDNA —and also known as LER, for Leucine Rich Repeat)
is a highly conserved 84-residue motif that appears to be specific to
vertebrates [Letunic et al., 2004] and may play a role in the assembly
and function of the SCAN zinc finger transcription factors by
mediating homo- and hetero-oligomerization [Sander et al., 2000;
Williams et al., 1999]. ZNF24 has been isolated from a screening for
Kriippel-like zinc finger proteins expressed in hematopoietic cells
[Han et al., 1999]. This protein also contains a SCAN domain and is
able to act as a repressor of transcription [Han et al., 1999], but its
function in hematopoietic cells has not been clarified. In support of a
function for ZNF24 in transcription, we found that ZNF24-EGFP
localized to the nucleus of cultured HEK293 and MCF-7 cells (Fig. 3).
Our previous study, gene targeting provided the first evidence that
ZNF24 has important functions, because the null mutation caused

early embryonic lethality in mice [Li et al., 2006]. Our further
analysis reveals that ZNF24 is a pleiotropic factor that has a role in
hematopoiesis, brain development and cancers [Li et al., 2009]. More
recently, studies show that ZNF24 is necessary to maintain neural
cells as cycling progenitors [Khalfallah et al., 2009] and the
myelinating function of differentiated oligodendrocytes [Howng
et al., 2010], but the molecular mechanisms underlying its functions
are not clearly understood.

In the present work, using a yeast two-hybrid interaction trap we
identified the H2A.Z as a novel ZNF24 interacting protein. The
conclusion that H2A.Z is a ZNF24-interacting protein was supported
by results from several different experimental approaches. First, the
in vitro GST pull-down assays of GST-ZNF24 expressed in bacteria
and H2A.Z-Myc produced in HEK293 cells showed the interaction
between the full-length ZNF24 and H2A.Z (Fig. 2A). Second, co-
immunoprecipitation of ZNF24 and H2A.Z co-expressed in HEK293
and Hela cells confirmed their interaction (Fig. 2B,C). Third, confocal
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Fig. 4. Common subcellular localization between ZNF24-1-250 and H2A.Z protein was identified. A: HEK293 cells were transiently transfected with ZNF24-1-250-EGFP
(green) or (B) H2A.Z-dsRed (red) expression constructs. C: HEK293 cells were transiently co-transfected with ZNF24-1-250-EGFP and H2A.Z-dsRed expression constructs.
Images were captured using fluorescent microscopy. [Color figure can be seen in the online version of this article, available at http://wileyonlinelibrary.com/journal/jcb]

analysis showed that ZNF24 and H2A.Z co-localized in the nucleus
of cultured HEK293 cells (Fig. 3). Although we have not determined
the precise boundaries of the H2A.Z binding site within ZNF24
protein, our data suggested that the N-terminus of ZNF24 was
sufficient for H2A.Z binding.

H2A.Z is a highly conserved histone variant. It is found in
organisms as diverse as the malaria-causing protozoan parasite
Plasmodium falciparum, the yeast Saccharomyces cerevisiae, and
Homo sapiens, with sequence conservation of ~90% [louzalen et al.,
1996], which suggests unique and important functions for H2A.Z.
Although not essential to yeast cells, the loss of H2A.Z is lethal in
others species, such as Tetrahymena thermophila [Liu et al., 1996],
Xenopus laevis [louzalen et al., 1996; Ridgway et al., 2004],
Drosophila melanogaster [Clarkson et al., 1999] and mice [Faast
et al., 2001]. In mammalian cells, H2A.Z is important for
chromosome segregation, centromeric functions and transcriptional
regulation [Rangasamy et al., 2003, 2004; Gevry et al., 2007, 2009;
Hardy et al.,, 2009]. Genome-wide studies have provided strong
evidence of the non-random pattern of H2A.Z distribution. In
euchromatic regions, a sharp peak of H2A.Z is observed at the 5" end
of numerous genes, as well as in enhancers and in insulators. H2A.Z
nucleosomes are observed in regions flanking the transcriptional
start site, with a region that is devoid of nucleosomes in between,
thus forming a nucleosome-free region (NFR) over the start site

[Guillemette et al., 2005; Zhang et al., 2005; Albert et al., 2007;
Barski et al., 2007]. The enrichment of H2A.Z at promoter sequence
often affects local histone modification patterns and chromatin
conformation, which in turn influences transcriptional output. In
yeast cells, the presence of H2A.Z at gene promoters is generally
inversely correlated with transcription levels [Guillemette et al.,
2005; Zhang et al., 2005]. In contrast to the situation in yeast, the
presence of H2A.Z at promoters is positively correlated with
transcription in human cells and in Drosophila [Barski et al., 2007;
Mavrich et al., 2008]. Recent analysis of genome-wide mapping of
nucleosome positions in human genome reveals that H2A.Z is
enriched at transcriptional regulatory elements of several important
genes including BRCA1 [Barski et al., 2007; Schones et al., 2008].
Interestingly, a inverse correlation between the levels of ZNF24 and
BRCA1 is observed by ZNF24 overexpression and knockdown in
HEK293 cells [Li et al., 2009]. Taken together, these findings suggest
that the interaction of ZNF24 and H2A.Z may be involved in
transcriptional regulation. The immediate future goal is to
understand functions of ZNF24 in transcription when it interacts
with H2A.Z.

H2A.Z has been implicated in many diverse biological processes,
such as gene activation, chromosome segregation, heterochromatin
silencing, and progression through the cell cycle [Zlatanova and
Thakar, 2008]. Studies in cancer patients have reported significant

3416

A YEAST TWO-HYBRID SCREEN IDENTIFIES HISTONE H2A.Z

JOURNAL OF CELLULAR BIOCHEMISTRY



overexpression of H2A.Z in several major types of malignancies,
especially at the metastatic stage [Dunican et al., 2002; Rhodes et al.,
2004; Zucchi et al., 2004; Hua et al., 2008]. ZNF24 was frequently
down-regulated in ovarian malignant tumors, colon carcinomas and
breast carcinoma compared with respective adjacent normal tissues
[Zhang. et al., 2003; Harper et al.,, 2007]. Taken together, these
findings suggest that both H2A.Z and ZNF24 are likely involved in
oncogenesis.

In summary, H2A.Z has been identified as a novel ZNF24
interacting protein. This novel protein—-protein interaction might be
involved in transcriptional regulation of genes associated with
oncogenesis.
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