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ABSTRACT

The WT! gene encodes a transcription factor that is involved in the etiology of the
nephroblastoma, Wilms’ Tumor, and its associated diseases. Protein-protein interactions
have been shown to alter the transcription regulatory functions of WT1 and implicate
WT1 in the post-transcriptional event, splicing. Modulation of WTI activity by its
interacting partner and vice versa can extend the functional capacity of both proteins. A
new potential WT1-interacting protein, Bone Marrow Zinc Finger 2 (BMZF2 or
ZNF255), was isolated by affinity chromatography from HeLa cell nuclear extracts and
subsequently identified by mass spectrometry analysis. Amino acid sequence analysis of
BMZF?2 suggests that it is a potential transcription factor with DNA-binding abilities.
GST pulldown experiments indicate that BMZF2 binds the zinc finger region of the WT1
(-KTS) isoform in vitro. Because BMZF?2 targets the WT1 (-KTS) zinc finger domain, it
may be capable of influencing WT1’s transcriptional regulatory functions. The
expression patterns of BMZF2 and WT1 suggest that they may be important to the

regulation of mammalian development and hematopoiesis.
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RESUME

Le géene WTI encode un facteur de transcription impliqué dans 1’étiologie du
neuroblastome, de la tumeur de Wilms ainsi que de ses affections associées. L’interaction
de WTI avec d’autres protéines altérent ses fonctions de régulation de transcription et
I'impliquent dans I'événement post-transcriptionnel appelé épissage. La modulation de
l'activité de WT1 par ses partenaires d’interaction et vice versa peut étendre la capacité
fonctionnelle des deux protéines. Une nouvelle protéine potentiellement associée a WT1,
“Doigt de zinc 2 de moelle-épiniére” (BMZF2 ou ZNF255), a été isolée par
chromatographie d'affinité a partir d'extraits nucléaires de cellules Hela et par la suite
identifiée par analyse par spectroscopie de masse. L'analyse de la séquence d’acides
aminés de BMZF2 suggére que c'est un facteur de transcription potentiel avec des
capacités a coupler I'ADN. Les essais de co-précipitation par la GST indiquent que
BMZF2 reconnait in vivo la région du doigt de zinc de l'isoforme de WT1 (-KTS). Parce
que BMZF2 reconnait le domaine du doigt de zinc de WT1 (-KTS), il peut étre capable
d'influencer les fonctions de régulation de la transcription de WTI1. Les patrons
d'expression de BMZF2 et de WT1 suggérent qu'ils peuvent étre importants pour la

régulation du développement des mammiféres et de I’hématopoiése.



INTRODUCTION



Wilms’ Tumor and the Wilms’ Tumor 1 Gene

Wilms’ tumor or nephroblastoma is a pediatric kidney cancer first described by
Max Wilms in 1899 (1). It is one of the most common childhood malignancies found in
children under age 5, occurring with a frequency of 1 in 10,000 (2,3). The tumor is of
embryonic origin and is derived from the metanephric blastemal tissues of the developing
kidney that failed to undergo the normal maturation process (4). Urogenital
abnormalities represent the major clinical features of Wilms’ Tumor and are also
included in the clinical spectrum of its related syndromes, Denys-Drash and WAGR
(Wilms’ tumor, aniridia, genitourinary malformation, and mental retardation) (5).

Cytogenetic and molecular studies have shown that several chromosomal regions
may be involved in the development of Wilms’ Tumor, however, only the Wilms’ Tumor
1 gene (WTI), located at chromosome 11pl3, has been proven to play a role in the
etiology of this tumor (6). In humans, heterozygous mutations of the WT/ gene
predispose to Wilms’ Tumors (7-9). Transfection of wild-type W7/ into a Wilms’ Tumor
cell line with aberrant endogenous WT/ transcripts resuits in tumor growth suppression
(10). The essential role of WT! in urogenital development is further underscored by the
failure of WT!-null mice to develop kidneys and gonads (11). Wilms’ Tumor and the
WTI! gene, therefore, provide an excellent model for studying the relationship between

cancer and development.



WT1 and Kidney Development

The development of the kidney depends on the interactions between two different
tissues: the ureteric epithelium, which is derived from the Wolffian duct, and the
surrounding metanephric mesenchyme (1). The formation of the nephrons, the functional
subunits of the kidney, occurs through a sequence of inductive and reciprocal interactions
between these two tissues. The initial budding of the ureter depends on the inductive
signal from the surrounding mesenchyme. As the ureter branches, the mesenchyme
condenses around the tip of the branching ureter and forms the blastema around the
ureteric bud. The blastema develops into the renal vesicle and matures in association
with the ureter, which elongates and folds into comma- and S-shaped bodies. The
epithelial cells on the S-shaped body eventually form the proximal tubules, the distal
tubules, and the glomerulus of the mature nephron. The condensation of the metanephric
mesenchyme depends on the signals from the ureter and therefore, the signals from the
mesenchyme and the ureter must be complemented by receptors in the responding
tissues. Similar mesenchyme-epithelium interactions are also observed during the
development of many other organs (12).

WTI appears to function at three different stages of kidney development: the onset
of nephrogenesis, the progression of nephrogenesis, and the maintenance of normal
podocyte function (1). WT! expression levels are low in the uninduced mesenchyme and
absent in its reciprocally induced tissue, the ureter epithelium (13). WTI expression
increases as the mesenchyme condenses into the comma- and S-shaped bodies. Further

differentiation is coupled with the downregulation of WT! expression, while in the



mature nephron, WT! is expressed only in the podocytes, a highly specialized layer of
epithelial cells that line the blood vessels in the glomerulus.

WT1I is essential for the development of the ureteric bud. In the W7/-null mouse,
the ureteric bud is absent although normal mesenchymal cells are observed at day 11.5 of
embryonic development (11). Apoptosis of the mesenchyme then occurs and half a day
later, the mesenchymal cells disappear. The absence of the ureteric bud in the #'T/-null
embryos suggests that WT! is either directly or indirectly responsible for the generation
of the signal from the mesenchyme that is perceived by the ureter. WT! is also
responsible for the competence of the mesenchyme to respond to signals from the ureter
and condense. When the mesenchyme from the wild-type and the WT/-knockout
embryos are cultured next to the spinal cord, a strong inducer of tubular differentiation,
the wild-type mesenchyme differentiates to form tubular structures; however, the
mesenchyme from the WT!-knockout embryos did not (11). This demonstrates that W7/

has a dual role during the formation and differentiation of the kidney.



WTI Expression Pattern and Associated Diseases

The expression pattern of the WT'! gene indicates that its function is not restricted
to the kidney only. WT! also plays a role in the development and homeostasis of other
tissues. The products of WT! seem to possess diverse functions and are implicated in
various cellular processes, such as, proliferation, differentiation, and apoptosis. There is
also evidence to suggest that some functions of the WT1 protein are cell-type specific.

In situ hybridization on sections of chicken, mouse, and human embryos showed
that WT! is expressed during embryonic development (13,14). In addition to W7/’s
expression in the glomerular precursor cells of the fetal kidney, WT/ is also expressed in
the stromal cells of the gonads and splieen; mesothelial cells lining the heart, diaphragm,
and peritoneum; differentiating body wall musculature; and pocket regions in the brain
and spinal cord (15,16).

WT! plays a common role in the development of these structures and this is
illustrated by its absence or aberrant expression and the associated disease phenotype.
WTI-null mice show a lack of kidney, gonad, and mesothelial development (11).
Dominant heterozygous mutations in W7/ cause nearly all cases of the Denys-Drash
syndrome, a rare developmental disorder of the genito-urinary system (8). Heterozygous
deletions of WT! are found in WAGR patients who also often exhibit urogenital
abnormalities (9). Mutations in a W7/ intron, affecting alternative splice site selection,
are associated with Frasier syndrome, a rare disease defined by male pseudo-

hermaphroditism and progressive glomerulopathy (17,18). This points to functional




differences between various splice forms of the WT1 protein. W7/ mutations also occur
in rare mesotheliomas (19). Desmoplastic Small Round Cell Tumor, a mesothelial-
derived cancer, results from a chromosomal translocation which fuses the putative
transactivation domain of the Ewing Sarcoma gene to the C-terminus of WT1 (20).
While WT! normally acts as a recessive tumor-suppressor gene, it acquires the properties
of a dominant oncogene when fused to the specific amino terminal domain of the EWS
gene. WT! mutations are also found in 4 of 36 acute leukemias, where the small
insertions are predicted to produce truncated WT1 proteins (21). The loss of
heterozyosity of the WT1 gene has been found to correlate with in situ and invasive
stages of breast carcinoma (22), and altered proportions of WT1 splice variants have also

been detected in other breast tumors (23).

WT1 Gene and Protein Structure

The WTI gene is localized to the human chromosome 11p13 region (6). The gene
is approximately 50 kilobases (kb) in length and contains 10 exons, which is transcribed
and processed into a 3 kb mRNA species (24) (Figure 1). The WTI protein is a typical
transcription factor. It contains a glutamine/proline-rich N-terminus, transcription
activation and repression domains, nuclear-localization signals, and four Kruppel-like
Cys,/His; zinc fingers at the C-terminus. The four zinc fingers, amino acids 307 to 429,
that constitute the DNA-binding region, share a homology of 67% with the zinc fingers
of the Early Growth Response-1 (EGR-1) family members (25,26). Amino acids 226 to

254 contain partial heptad repeats of leucine residues and this potential leucine zipper




Figure 1:

Structure of (a) #T! gene and (b) WT1 protein. WT1 is encoded by ten exons. Three
translational start sites are possible for the #T/ mRNA: a standard methionine; a second
in-frame downstream AUG that is an internal translation initiation site, and an upstream
CUG (leucine), which adds 68 N-terminal residues onto the WT1 protein. Alternative
splicing of exon 5 and alternative usage of two different splice-donor sites at the 3’ end of
exon 9 produce four different splice forms. The inclusion of splice I (exon 5) leads to an
insertion of 17 amino acid residues. The splice II sequence at the 3’ end of exon 9
consists of the tripeptide, KTS, which is inserted between zinc fingers III and IV. A
Pro/Gln-rich region, which is almost identical to the self-association domain, as well as a
repression and an activation domain, are indicated. Some of WT1’s C-terminal nuclear
localization signals have also been indicated. A predicted RNA-binding motif resides in
the N-terminus.
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may mediate protein-protein interactions (27). The N-terminal 180 amino acids mediate

self-association, which has been demonstrated both in vitro and in vivo (28,29). This
self-association domain partially overlaps with amino acids 85 to 124 and 181 to 250,
domains that can autonomously repress or activate transcription respectively, in
conjunction with the DNA-binding domain (30).

The WTI gene encodes muitiple protein isoforms. At least 32 isoforms are
possible as a result of alternative splicing events, an RNA editing event, and alternative
upstream translation start sites. Three translational start sites are possible: a standard
methionine; a second in-frame downstream AUG that is an internal translation initiation
site (31); and an upstream CUG (leucine), which adds 68 N-terminal residues onto the
WT]1 protein (32). The consequences of the alternative translation start sites are unclear.
The WT! mRNA is edited in the adult but not in neonatal rat kidneys and in the human
testis; a thymidine to cytosine change in exon 6 leads to a leucine to proline change in the
amino acid sequence (33). WT1 proteins with this change repress transcription from the
EGR-1 promoter 25 to 30% less efficiently than the wild-type version. Two alternative
RNA splice sites generate four WT1 isoforms (34) that range in molecular mass from 52
to 54 kilodaltons (kDa) (35). Splice site one results in either the inclusion or exclusion of
exon 5 of the gene, which encodes 17 amino acids lying just N-terminal of the four zinc
fingers. Splice site two involves an alternative splice donor site at the exon 9 boundary
which results in the presence or absence of a three-amino acid insert, lysine-threonine-
serine (KTS), between zinc fingers 3 and 4. The +KTS isoform exists in the cell in

higher abundance than the —-KTS isoform, at a ratio of ~2:1 (34).
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DNA and RNA Binding by WT1

All four WT1 alternative splice forms can bind DNA via their zinc finger regions,
albeit with different affinities and specificities, and thereby modulate the transcriptional
activity of their target genes (26). The —KTS isoform seems to exhibit greater DNA
binding abilities than the +KTS isoform. WT1 (-KTS) binds the * GCGGGGGCG*
sequence, commonly denoted as the EGR-1 consensus sequence for its role as a target
sequence to the EGR-1 gene product. WTI1 also binds a TC-rich motif with equal
affinity, > (TCC);TCTCC® (36). Promoter analysis of candidate WT]1 target genes and
systematic searches for WT1 binding sites have produced variations of the EGR-1
consensus motif and the TC-rich motif (1). WTI1 also shows high affinity for
heteroduplex DNA (37), which is usually a product of bubble formation during
replication or transcription, occurring when the double stranded DNA melts. This DNA
structural requirement is interesting, as a previous report showed that WT1 could inhibit
DNA replication (38).

WTI1 can also bind RNA in vitro. The first zinc finger of WT1 has been shown to
bind a sequence in exon 2 of the insulin-like growth factor 2 mRNA (39). Three
unrelated candidate RNA target sequences were identified by the SELEX (Systematic
Evolution of Ligands by Exponential Enrichment) method and shown to bind zinc fingers
2to 4 of WT1 (40). The WT1 (+KTS) isoform exhibits a reduced affinity for these RNA
targets (40). The ultimate verification of these RNA targets lies in the identification of

gene transcripts that contain these sequences.
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WT1 as a Transcription Factor

A number of WT1 target genes have been identified, including growth factors,
growth factor receptors, and transcription factors, and it was found that WT1 could affect
their promoter activity in transient transfection assays. It has been demonstrated,
however, that the choice of cell system, the type of expression vector, or exact topology
of the reporter construct can influence the transcriptional-regulating activity of WT1
proteins (1,41,42). For example, the WT1 (-KTS) isoform functions as a transcriptional
repressor of the EGR-/ promoter in NIH 3T3 cells (43), whereas it behaves as a
transcriptional activator of the same promoter in both Saos-2 (44) and U20S cells (45).

The specific roles for the different splice variants in the regulation of gene
expression are unknown so far. Since both the +KTS and -KTS isoforms can bind DNA,
however with different affinities, and it has been suggested that both splice variants may
differentially regulate the same target genes. This is supported by the fact that both
isoforms can bind overlapping DNA sequences in the promoters of the insulin-like
growth factor 2 gene (46), the gene for platelet-derived growth factor-A (PDGF-A4) (47),
the PAX-2 gene (48), and the WT! gene itself (49). The inclusion or exclusion of the 17
amino acid stretch from exon 5 does not seem to affect WT1’s DNA binding ability,
however, it does seem to exert an additional suppressor function in addition to the more
N-terminal sequences (27,43,50). It has been found that the WT1 (+/+) protein, which
includes sequences from both splice sites, suppresses the activity of the #T/ promoter
about 25 fold better than the WT1 (-/+) protein, which includes only the KTS motif, in

transient transfection assays (49). It has also been observed that the WT1 (+/+) protein

12



represses transcription of the modified PDGF-A promoter construct whereas the WT1 (-
/+) protein activates transcription (50). This suggests that the four splice variants may
function as transcription factors with different regulatory abilities on target genes

implicated in proliferation, differentiation, and cell cycle control.

WT1 as a Post-transcriptional Regulator

It is also possible that WT1 is involved in post-transcriptional processing of RNA.
Nuclear staining of cells transfected with each of the four WT1 splice variants revealed
that the +KTS isoforms preferentially localizes to subnuclear speckles and coiled bodies
and colocalize predominantly with splicing factors (51). The —KTS isoforms exhibit a
more diffuse pattern and are enriched in areas where the transcription factor, Spl, is more
abundant. Recently, the WT1 (+KTS) isoform has been shown to physically associate
with small nuclear ribonucleoproteins (snRNPs) proteins of the splicing machinery, and
this suggests that there is a role for the +KTS isoforms in splicing (51,52). More
discussion on the interaction between WT1 and the splicing factors will follow in the
section about WT1-binding proteins.

The major component of nuclear speckles and coiled bodies are splicing proteins
(52). Coiled bodies were described originally as nucleolar accessory bodies and may
play a role in the assembly, maturation, or recycling of the splicing complex. There is
evidence that the nuclear speckles are dynamic structures and function perhaps as storage
sites from which splicing factors are recruited. It has also been suggested that the

subnuclear clusters may represent storage sites for WT1 isoforms with reduced DNA-
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binding activity as WT1 mutants with disrupted DNA-binding domains also localize to
the same clusters. It is possible then that at any given time, a significant proportion of
WT1 may be stored in the speckles and not be actively involved in pre-mRNA
processing. Nuclear speckles might reflect storage sites for both active and inactive or
defective proteins involved in splicing. The functional proteins may be recruited

subsequently to participate in pre-mRNA processing.

Significance of the WT1 (+KTS) and WT1 (-KTS) Isoforms

There is biochemical and genetic evidence to support the notion that the +KTS
and -KTS isoforms are functionally different. The presence of both isoforms and the
conservation of their ratios throughout the vertebrates (15) suggest that the insertion of
the KTS is functionally important. The two isoforms have different but partially
overlapping DNA binding affinities and specificities and this suggests that they regulate
different sets of target genes (41). It may be that the primary role of the -KTS isoform is
transcriptional regulation while the +KTS isoform is involved in other cellular processes
(42). The subnuclear localization of the alternatively spliced isoforms suggests that they
might have different functions at different sites in the nucleus. The —KTS isoform is
localized diffusely throughout the nucleus whereas the +KTS isoform exhibits a speckled
pattern within the nucleus (29,51). Genetic evidence for the distinct functional roles of
the WT1 isoforms in urogenital development comes from WT1 mutations in the Fraiser

syndrome, which results in a reduction in the +KTS: -KTS ratio (17,18,53).
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Regulation of WT1

Activation of WTI

WTI exhibits a very restricted temporal and spatial expression pattern. Currently,
there is work towards the identification of cis and trans regulatory elements of WTI1.
PAX2 and PAXS, both members of the paired box family of transcription factors, and the
zinc finger protein, SP1, all positively regulate the expression of WT/ (54-56). PAX2 is
negatively regulated by WT1 (48). PAX2 and WT! appear to be linked genetically, as
PAX2-knockouts are similar in phenotype to WT1!-knockouts; both lack kidneys and
genital tracts (57). It is possible that both genes act in a common pathway. As well,
WT]1 negatively autoregulates its own promoter. This negative feedback loop could lead

to the transient expression of WT! that is observed in various tissues (49,58).

Post-translational Modifications of WT1

The zinc fingers of WT1 are phosphorylated by Protein Kinase A (PKA) and
Protein Kinase C in vitro (59), and exogenously expressed WT1 proteins in COS7 cells
have been shown to be phosphorylated (60). Phosphorylation reduces the DNA binding
activity of WT1 and the co-expression of PKA has been shown to reduce the ability of
WT]1 to repress transcription from two different promoters (59,60). Phosphorylation of
endogenously expressed WT1, however, has not yet been verified. This is due to the low
expression levels of the endogenous protein. N-terminal phosphorylation of WT1 has not
been studied. As well, the upstream signals and kinases that regulate WT1 in the signal
transduction cascade remain undefined.

15



Interacting Proteins of WT1

In cell lines that constitutively express WT1, most of the protein is found in
protein complexes with molecular masses ranging from 100 to 669 kDa (44). It is
possible that these high order protein complexes may involve WT1 multimers or WT1
associated with other cellular proteins (28,29,61). Modulation of WT1 activity by its
interacting partner and vice versa can extend the functional capacity of both proteins
(Figure 2). Protein-protein interactions have been shown to alter the transcription
regulatory functions of WT1 and implicate WT1 in the post-transcriptional event,

splicing. Thus, identifying interacting proteins of WT1 may shed light on other roles for

WT1 in the cell.

Proteins th ’s iptional
Prostate Apoptosis Response-4 Protein

The prostate apoptosis response 4 protein (PAR-4) was identified as an interacting
partner of WT1 through yeast two-hybrid screens (62). The PAR-4 gene was identified
by differential screening for genes that are upregulated when prostate cancer cells are
induced to undergo apoptosis (63). PAR-4 expression is induced by apoptotic signals but
not by growth-arresting, necrotic, or growth stimulatory signals. Unlike WT1, which
exhibits tissue-restricted expression, PAR-4 is expressed ubiquitously and is found in all
the organs in which WT1 is expressed (64). PAR-4 is expressed in both the cytoplasm

and nucleus, but expression levels are higher in the nucleus (62).
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Figure 2:

WTI1 interacting proteins. Yeast two-hybrid and immunoprecipitation experiments
have identified a number of WT1-associated proteins. The first two WT1 zinc fingers
stabilize another tumor suppressor gene product, p53. The zinc finger domain also
interacts with two p53 homologues, p73 and p63. PAR-4, CIAO 1, and the human
cytomegalovirus (HCMYV) IE2 protein also bind the zinc finger region of WT1. The N-
terminus of WTI interacts with the human ubiquitin-conjugating enzyme 9 (hUBC9), the
inducible chaperone Hsp70, and the steroidogenic factor 1 (SF-1). Splicing factor
U2AF65 has been shown to bind the WT1 zinc finger region, however, the domain that
interacts with some of the other splicing factors has not been characterized. The first 180
amino acids also harbor the dimerization domain of WT1.

17
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PAR-4 interacts through its C-terminus leucine zipper domain with the zinc finger
region of WT1 (62). The interaction between PAR-4 and WT1 appears to be specific and
is not due to the general zinc finger structure as PAR-4 does not bind to the EGR-1 zinc
fingers, nor does PAR-4 influence the transactivation function of the EGR-1 protein.
PAR-4 interaction inhibits transcription activation by WT1 and enhances WT1-mediated
transcription repression (62). Furthermore, overexpression of PAR-4 can overcome the
growth suppressive and anti-apoptotic effects of WT1 (65). This is consistent with the
usual role of PAR-4 in activator-driven apoptosis. The requirement of PAR-4’s leucine
zipper domain for its effect on WT1 function illustrates the importance of PAR-4-WT]1

binding for the regulation of apoptosis in co-transfected cells.

CIAO1

CIAO 1 specifically interacts with WT1 both in vitro and in vivo (66). CIAO 1 is
a member of the WD40 family of proteins containing B-transducin repeats (67,68).
These proteins have a wide range of diverse biological functions including signal
transduction, cell cycle regulation, RNA splicing, and transcription. The WD40 motif is
thought to act as an interface for protein-protein interactions. C/40 [ is expressed
ubiquitously and is detected in both cytoplasmic and nuclear cell fractions. The
functional importance of CI40 ! is supported by the observation that its putative yeast
homologue is an essential gene for viability. Therefore, CIAO 1 is believed to be an
important cellular regulator whose functions may include the modulation of WT1-

mediated transcription.




CIAO 1 binds the zinc finger domain of WT1 (66). CIAO 1-WT]1 interaction has
been shown to inhibit the transcriptional activation mediated by WT1. CIAO 1, however,
does not affect the repression activity of WT1 and it does not inhibit WT1 binding to its
consensus nucleotide sequence. CIAO 1 itself does not have any transcriptional
repression activity. Its effect on the transcriptional activity of WT1 may be mediated
through inducing conformational changes in the WT1 protein that would mask its
activation function, or by negatively interfering with communication between the

activation domain of WT1 and the basal transcriptional machinery.

pS3, p73, and p63

p53 is the product of a tumor suppressor gene with ubiquitous expression.
Physical association between WT1 and p53 modulates their respective transcriptional
regulatory properties (44,69). In certain cellular settings and depending on the given
reporter construct, pS3 can convert WT1 from an activator to a repressor, whereas WT1
tends to exert a cooperative effect on transcription activated by p53 and reduce p53
repression. For example, in the absence of p53, WT1 acts as potent transcriptional
activator of the EGR-/ gene, rather than a transcriptional repressor, and WT1 has been
shown to enhance pS53’s ability to transactivate muscle creatine kinase promoter. WT1
can also stabilize p53, requiring zinc fingers one and two to do so. WTI1-binding inhibits
pS3-mediated apoptosis, without affecting p53-dependent growth arrest. There is plenty
of evidence for WT1-p53 interaction in vivo but it is still not clear as to how this
interaction leads to tumorigenesis given that p53-null mice do not show developmental

abnormalities of the urogenital system (70).
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Two-dimensional gel analysis shows that the WT1-p53 complex migrates at 100
to 150 kDa and contains individual components that migrate at approximately 50 kDa,
allowing for either two or three such components within the complex (44). The
association between WT1 and p53 could represent either direct binding or interaction
through a third protein. From in vitro binding assays using purified proteins and in vitro
translated proteins, it is believed that the interaction between WT1 and p53 is most likely
direct (71). In adenovirus-transformed cells, WT1, which is normally localized in the
nucleus, is retained in a high molecular weight complex with p53 and the adenoviral
oncoprotein, E1B 55K, in a perinuclear cytoplasmic body (72). It is believed that WTI
binds to p53, which in turn interacts with E1B 55K to form the trimeric complex.

Two homologues of p53 have recently been cloned and both proteins are capable
of binding WT1 in vitro and in vivo as well. The products of the p73 (73) and
p63/p48/p51/KET (74-77) genes share sequence homology with the transactivation, DNA
binding, and tetramerization domains of p53. Both genes encode multiple isoforms as a
result of alternative splicing. p73 and p63 can mediate transcription activation from p53-
responsive elements and like p53, induce apoptosis (74,78). While p53 is dispensable for
embryonic development (79), p73 and p63 are intimately involved in differentiation and
development (77,80,81). Their tumor suppressor functions have not yet been established.

p73 and p53 both bind to the zinc finger regions of all four alternative splice
forms of WT1 (71). p73 binding inhibits DNA binding by WT1 possibly by shielding the
zinc finger DNA binding domain of WTI, an effect not observed with p53.
Consequently, p73 represses WT1-mediated transcription activation. WT1 is also

capable of repressing p73 and p53-induced transcription activation of the endogenous
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MDM?2 gene, however, the effects of WT1, measured in transient reporter assays with
equal amounts of p73 and pS53 expression constructs, appear to be stronger on p73 than
on p53.

WT1 may be involved in two different cellular pathways with regard to the p53
family members: pS53-regulated cell proliferation and p73 and p63-mediated
developmental regulation. Reduction of MDM2 protein levels through a WT1 effect on
p53 and p73 transcription activation may slow down MDM2-triggered degradation of
pS53 and thus lead to higher p53 protein levels (71). At the same time, binding of WT1 to
p53 may inhibit MDM2 from targeting p53 for degradation. MDM?2 binds to p73 without
targeting it for degradation and therefore is not stabilized by WT1. As well, WT1 is
capable of inhibiting degradation of p53 by the human papiloma virus E6 protein, which
interacts with p53, but not with p73 (69). There is also evidence to suggest that WT1
may modulate pS53 function in response to stress (69,82). It is possible then that WT1, a
tissue-specific and developmentally-regulated transcription factor, may be involved in
regulating fundamental processes associated with differentiation and development with

p73 and p63 while regulating cell growth in concert with p53.

Human Cytomegalovirus IE2 Protein

The IE2 protein of the Human Cytomegalovirus (HCMYV) interacts with the zinc
finger domain of WT1 in vivo and in vitro (83). HCMYV is the major renal pathogen in
congenitally infected infants and renal allograft recipients (84,85). The /E2 gene is
expressed in the immediate early stage of the viral life cycle and regulates viral gene
expression between the immediate-early and later stages (86). IE2 is a potent

transactivator of many cellular and viral promoters. It binds to cellular transcription
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factors, for example, TBP and TFIIB (87,88), and also to tumor suppressor proteins, such
as, pS3 (89) and Rb (90). HCMV IE2 protein also interacts directly with the zinc finger
domain of EGR-1 (91).

WT1 binding to IE2 inhibits IE2-mediated transcriptional activation of a PDGF-A
reporter construct (83). It is speculated that this negative regulation occurs in a similar
fashion to the Rb-IE2 interaction. Since IE2 is required for the expression of the HCMV
genes involved in the later stages of the viral life cycle, the tumor suppressor proteins,
WT1 or Rb, would effectively provide a means by which the host cell can delay the
replication of the virus by binding to and inhibiting the transactivation activity of IE2
(90). Conversely, this interaction may also result in the functional inactivation of the
tumor suppressor gene product as in the adenoviral protein E1B 55K sequestration of

WT1 and p53 within the cytoplasmic bodies of adenovirus-transformed kidney cells (72).

In addition to evidence showing that WT1 is capable of binding RNA in vitro and
colocalization data showing association of WT1 (+KTS) isoforms with splicing factors,
the identification of WT1 binding partners that are splicing factors provides further
support that WT1 is involved in post-transcriptional events. Larson et al. (51) found that
WT1, mostly the +KTS isoform, co-immunoprecipitates with snRNPs, splicing factors
U170, U2B”, and p80 coilin. Davies et al. (52) described the interaction between WT1
and the ubiquitous splicing factor U2AF65. They also found that WT1 and the splicing

factor U2-B” assembled in vitro into large molecular weight complexes that are



associated with the sense but not the antisense strand of a biotinylated adenoviral pre-
mRNA.

There is also evidence to suggest that WT1 is present in nuclear poly (A)+RNP
(92). Oligo(dT) chromatography shows an enrichment of WT1 and various splicing
factors including U2AF65, the US small nuclear RNP-associated protein p116, and
human ribonucleoprotein (hnRNP) Al. Gel filtration and sedimentation profiles suggest
that WT1 is present in RNAse-sensitive particles of greater than 2 MDa in size, peaking
at approximately 60 S. While it is unlikely that WT1 is a component of the core hnRNP
particle, WT1 does sediment in a single spliceosome range of between 40 and 60 S along
with pl116. There seems to be a preference for co-sedimentation of WT1 with pl116 as
opposed to U2AF65 or hnRNP Al and this interaction is further supported by double
labeling experiments in cultured cells indicating a significant degree of colocalization of
WT1 (+KTS) isoform with p116. These results should be interpreted with caution as
they do not attest to a direct interaction between WT1 and p116 nor that WT1 is in fact
involved in splicing.

In light of the data obtained from the co-sedimentation experiments, it is possible
that only a small fraction of WT1 interacts with U2AF65 at any given time. Recent work
suggests that a large fraction of U2AF65 appears not to be associated with spliceosomes
(93) or that in vitro buffer conditions do not provide optimal conditions for interaction.
This issue still needs to be resolved.

It is the C-terminus, but not the N-terminus, of WTT1 that is responsible for the
enrichment of WT1 into poly(A)+ fractions (92). This suggests that a predicted RNA

recognition motif at the N-terminus of WT1 (94) is not required for nuclear localization




and incorporation into the RNP. WT1 isoforms containing or lacking the first alternative
splice exon and isoforms due to the alternative upstream translation start sites are all
present within the RNP particles.
U2AF6S

Davies et al. (52) showed that the WT1 (+KTS) isoform colocalizes and
associates with splicing factor U2AF65(52). During splicing, U2AF65 targets the 3’
splice acceptor site and binds to its partner, U2AF3S5, to promote the annealing of
U2snRNA to the polypyrimidine tract adjacent to the 3’ splice site, facilitating splicing
(95). Splicing proteins display a nuclear speckled pattern and have several common
motifs, including arginine/serine-rich RS domains and RNA recognition motifs (RRM).
Evidence from molecular modeling suggests that WT1 may have an N-terminus RRM
(94). RNA binding by WT1 has been demonstrated in vitro and mapped to the first zinc
finger of WT1, which has a slightly different structure than the other three zinc fingers
(39). WTI1 binds to the RS domain of U2AF65 (52), which is slightly different from the
classical RS domains (96). WT1 does not interact with other RS proteins, such as
U2AF35. U2AF65 RS domains promote the RNA-RNA interaction between U2snRNA
and the branch point (96) and it is possible that it is this function of UAF65 that WT1
affects. Through interaction with U2AF6S5, it is possible that WT1 can be incorporated
directly into the spliceosome complex and that WT1 could therefore influence the 3’
splice site selection in a cell-type or temporal-dependent manner. WT1 would then select
a particular 3’splice site and present this directly to the RRM of U2AF6S.

U2AF65 binds the zinc finger region of WT1 (52). It is possible that the + and -

KTS isoforms adopt different conformations that render the -KTS isoform with stronger

24



DNA-binding ability and weaker U2AF65-binding ability, and conversely for the +KTS
isoform. It is interesting then to consider that mutations commonly found in Denys-
Drash syndrome patients affecting the zinc finger residues result in an apparent increase
in U2AF65 binding by the -KTS isoform with a decrease in DNA binding. Fraiser
syndrome, on the other hand, has mutations at the splice donor sites that specifically
perturb the isoform ratio and favors an excess of the —-KTS isoform (17). Davies et al.
(52) suggested that by WT1 dimerization, one molecule of WT1 with strong DNA-
binding ability could be coupled to another with high U2AF65 affinity. Through such
cooperation between the +KTS and -KTS isoforms, the correct amount of transcript

synthesized and correctly spliced can be monitored.

Other Interacting Proteins of WT1
Human Ubiquitin-Conjugating Enzyme 9

The human ubiquitin-conjugating enzyme 9 (hUBC9) was identified by a yeast
two-hybrid screen to interact with the proximal negative regulatory domain, amino acids
85 to 179, of the WT1 protein (97). While it is unclear at this point how these two
proteins affect each other’s activities, it is speculated that hUBC9 could modulate WT1’s
repression activity.

The hUBC9 gene encodes a 17 kDa protein that has 56% amino acid sequence
homology with the yeast ubiquitin-conjugating enzyme 9 (yUBC9), a protein required for
cell cycle progression in yeast, and having significant homology to other subfamilies of
ubiquitin-conjugating enzymes (97). The ubiquitin-dependent protein degradation

system is responsible for the selective degradation of many abnormal and short-lived




proteins (98,99). Ubiquitin is covalently linked to target proteins prior to their
degradation through the combined action of three classes of proteins: the ubiquitin
activating enzyme (E1), the ubiquitin-conjugating enzymes (E2), and in some cases, the
ubiquitin-protein ligases (E3), that are believed to be important in substrate recognition.
The diversity and the multiple protein-protein interactions of the ubiquitin-dependent
proteolytic system suggest that a high degree of regulation is required to achieve the
specificity needed to control the fate of the different proteins that are degraded through
ubiquitination. While it is very likely that the E2 enzymes may contribute to the
determination of which groups of proteins are targeted for selective degradation, WT]1
interaction with hUBC9 may very well influence this selection.

WT1-hUBC9 interaction may also play an important role in the regulation of the
cell cycle. The yUBC9 is involved in cell cycle progression. It is required for the
degradation of S- and M- phase cyclins and for cell viability (100). Since the h(UBC9 can
fully complement yUBC9 temperature-sensitive mutants to allow normal progression of
yeast cells through the cell cycle, it is possible that hUBC9 plays a similar role in
eukaryotic cells. WT] is capable of blocking cell cycle progression and this block can be
relieved by the expression of exogenous cyclin E and CDK2 as well as cyclin D1/CDK4
(100). In light of hUBC9’s role in the cell cycle, the WT1-hUBC9 interaction is probably

important to the cell cycle block mediated by WT1.
Heat Shock Protein 70

Heat shock protein 70 (Hsp70) was identified as a binding partner of WT1

through co-immunoprecipitation experiments (101). Physical association between Hsp70
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and WTI1 has been observed in embryonic rat kidney cells, primary Wilms’ tumor
specimens, and cultured cells with inducible expression of WT1. Colocalization of WT1
and Hsp70 is evident within the glomerular podocytes of the developing kidney, where
Hsp70 is recruited to characteristic subnuclear compartments that contain WT1.

The extreme N-terminal domain of WT1, amino acids 6 to 180, is required for
interaction with Hsp70 (101). The expression of the N-terminal domain itself is
sufficient to induce expression of Hsp70 through an unidentified mechanism thought to
involve the regulatory heat shock element of the Hsp70 promoter - transcriptional
activation of the Hsp70 promoter by the WT1 N-terminus occurs independent of WT1’s
DNA binding activity. Induction of Hsp70 by WT1 and physical association between the
two proteins suggest that Hsp70 plays an important role in the cellular differentiation
pathway. This is consistent with its apparent contribution to the steroid hormone
response pathways and hematopoietic differentiation (102,103). Hsp70 binding is
required for WT1 to function as an inhibitor of cellular proliferation, which correlates
with WT1’s known function as a tumor suppressor gene (101). This suggests that Hsp70
is an important cofactor for the proper functioning of WT1 and that a potential role for
Hsp70 is as a chaperone during kidney differentiation.

Heat shock proteins are a highly conserved family of molecular chaperones with
diverse functions, including mediating protein folding and degradation, transport across
cellular membranes, and assembly into macromolecular structures (104,105). The
inducible Hsp70 proteins are expressed at low levels physiologically but are rapidly
induced following growth of cells at 40°C (106). During growth at the physiological

temperature, Hsp70 expression is tightly regulated during cell cycle progression (107)
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and it is induced by stimuli that induce cellular proliferation, including serum (108),
expression of ¢-myc (109), viral oncoproteins adenovirus E1A (110), and large T antigen
from SV40 and polyoma viruses (111).

Similar amounts, approximately 25%, of cellular Hsp70 and WT1 associate with
each other in rat kidney cells, indicating that a significant fraction of these cellular
proteins are associated with each other in the cell (101). A parallel pattern of expression
for both WT1 and Hsp70 is also observed in the embryonic kidney, both in terms of
specific cell type and subcellular localization. There is a speckled nuclear expression
pattern for both in the glomerular podocytes and expression of both proteins is reduced in
the adult kidney. This suggests that the interaction between WT1 and Hsp70 is
developmentally regulated. Since heat shock protein family members are well-known for
binding denatured or misfolded proteins, it is possible that the physical association
between WT1 and Hsp70 is for the purpose of ensuring the correct molecular folding of
the rigid proline-rich N-terminus of WT1. This may then serve to enhance the functional

properties of WT1 and potential interactions with other proteins.

Steroidogenic Factor-1

WT1 is a transcriptional coactivator of the orphan nuclear hormone receptor
Steroidogenic Factor-1 (SF-1) during mammalian gonadogenesis (112). Physical
association between the N-terminus of WT1 and SF-1 dramatically increases the
transactivational activity of SF-1. Functional synergy occurs only with the WT1 (-KTS)

isoform.
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SF-1 is an important regulator of male sexual development after testis
determination. SF-1 exhibits high affinity DNA-binding and is a positive transcriptional
regulator of a variety of steroidogenic enzyme genes in adrenal glands and gonads,
including male-specific genes (113,114). In mice that lack SF-/, the gonads and adrenal
glands fail to develop, and these mice have hypogonadotropic hypogonadism, indicating
hormone deficiencies at the hypothalamic and pituitary gland levels (115). Similarly,
WTI-null mice of both sexes fail to develop kidneys and gonads, indicating that WT1
acts upstream of sex-determination (11).

A close functional relationship exists between SF-1, DAX-1, and WT1 proteins
(112). Dosage-sensitive Sex-reversal Adrenal Hypoplasia Congenita Critical Region on
the X chromosome, gene 1 (DAX-1) is also an orphan nuclear hormone receptor that
plays a critical role in the development of adrenal gland and reproductive systems (116).
As with SF-1/, transcripts of the Dax-/ gene can be detected in specific endocrine tissues:
the hypothalamus, anterior pituitary, adrenal glands, gonads, and placenta. During mouse
urogenital development, the expression profiles of both SF-1 and DAX-1 are sexually
dimorphic (117) and interference by DAX-1 of the SF-1/WT1 interaction will lead
ultimately to ovarian development by modulating SF-1-mediated transactivation. While
physical association between WT1 (—KTS) and SF-1 is observed in the yeast two hybrid
system, as with DAX-1 and SF-1 (112), no interaction was observed between DAX-1 and
WT1. The major sites of interaction on SF-1 for DAX-1 and WT1 appear to be distinct.
WTI, therefore, most likely has a male-specific function in the sex determination

pathway.
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‘ Objective

We are interested in other endogenous cellular proteins that interact with WT1, in
particular, nuclear proteins that target the WT1 (—KTS) zinc finger domain. We aimed to

utilize affinity chromatography to identify putative nuclear proteins that interact with

WTI.
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METHODS AND MATERIALS
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Cell Culture and Preparation of Hela Cell Nuciear Extracts

Fifty (150 mm) plates of HeLa S3 cells were grown to confluency for the preparation of
nuclear extracts. Cells were maintained in DMEM with 10% fetal calf serum, penicillin
(100 U/ml) and streptomycin (100 ug/ml), and L-glutamine (4 mM) (Gibco BRL), and
grown at 37°C in a humidified 5% CO; incubator. The cells were harvested by scraping
in cold phosphate buffered saline (PBS) and pelleted by centrifugation for 5 minutes at
1500 rpm and 4°C. The cells were washed by resuspending in PBS and centrifuging
again. The pellet was resuspended in 5 ml of Buffer A [10 mM Hepesso; 1.5 mM MgCly;
10 mM KCI; 0.5 mM DTT] with protease inhibitors benzamidine-HC|, PMSF, leupeptin,
and antipain (1 mM of each). The cells were lysed mechanically using a type B dounce
and lysis was verified by staining the cells with trypan blue. The lysate was then
centrifuged at 4°C for 15 minutes at 1500 g’s to pellet the nuclei. The supernatant was
removed and the pellet, consisting largely of nuclear components, was resuspended in 5.5
ml of 75 mM NaCl Affinity Chromatography (AC) Buffer [20 mM Hepes+s;, 10%
glycerol; 1 mM DTT; 1 mM EDTA] with protease inhibitors and sonicated for 60
seconds (2 bursts of 30 seconds) at 4°C. The lysate was then centrifuged at 4°C for 30

minutes at 20,800 g’s.

Puri i GST- in¢ Fi

pGEX-RC and pGEX-RC WT1 Zinc Finger (ZF) plasmids, that have been previously

described (118), were transformed into BL21 bacteria (119). Two liter cultures of the
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bacteria were grown in LB media containing 100 pg/ml ampicillin at 37°C with shaking
until ODggo= 0.9, at which point the cultures were induced for 3 hours at 37°C with | mM
(final concentration) IPTG. The cultures were then centrifuged at 4°C for 20 minutes at
3000 g’s. The bacterial pellet was resuspended in 50 m! of Extraction Buffer [1x PBS;
0.1 mM EDTA; 2mM DTT] with protease inhibitors and sonicated for 2 minutes (4
bursts of 30 seconds). The lysate was then centrifuged at 4°C for 30 minutes at 12,100
g’s to pellet the cellular debris. The lysate obtained was then applied to 1 mi (bed
volume) of glutathione sepharose 4B (Pharmacia Amersham Biotech) that had been pre-
washed 3 times with the Extraction Buffer. Washing was performed by resuspending the
beads with the buffer and then centrifuging at 4°C for 5 minutes at 1500 g’s. The beads
and the lysate were incubated end over end at 4°C for 1 hour to allow binding to occur.
The beads and the lysate were then centrifuged at 4°C for 5 minutes at 1500 g’s and and
the lysate was removed. The beads were then washed with 10 ml of the Wash Buffer [1x
PBS; 0.1 mM EDTA; 2 mM DTT; 1% Triton X-100) 3 times with repeated resuspension
and centrifugation. Elution was carried out with ten 1 ml volumes of Elution Buffer [10
mM glutathione in AC Buffer] whereby the beads were incubated with 1 ml of the
Elution Buffer with periodic mixing for 5 minutes and centrifuged briefly. Aliquots of
each fraction were fractionated by SDS-PAGE on 12.5% polyacrylamide gels and the
proteins were visualized by coomassie staining. The concentrations of the proteins were

determined by the Bradford Assay.

Affinity Chromatography
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One hundred microliters (bed volume) of Affigel 10 resin (BioRad) were used per
sample. The resin was washed 3 times with cold ddH.O (by repeated resuspension and
centrifugation). GST WT1 ZF protein was coupled to the Affigel 10 resin at protein/resin
concentrations of 0, 0.5, or 2.0 mg/ml in a final volume of 200 pl of AC Buffer. Asa
control, GST protein was coupled to the resin at protein/resin concentrations of 0 or 2.0
mg/ml. Coupling was performed by incubating overnight at 4°C with continuous end
over end movement. The supernatant was saved for later determination of the coupling
efficiency by Bradford Assay. The resin/protein was incubated sequentially with 75 mM
NaCl AC Buffer with 80 mM ethanolamine for 1 hour followed by 75 mM NaCl AC
Buffer containing 1 mg/mi purified bovine serum albumin (BSA) for 30 minutes, both at
4°C. The matrix was then washed with 1 M NaCl AC Buffer for 10 minutes and then
equilibrated with 75 mM NaCl AC Buffer by washing 3 times. Ten column volumes (1
ml) of the HeLa cell nuclear extract was applied to the matrix for 1 hour with end over
end incubation. As control, 1 ml of 75 mM NaCl AC Buffer was applied to a similar
matrix. In addition, HeLa extracts were also loaded onto GST-immobilized columns.
The resin was then washed three times with 75 mM NaCl AC Buffer. Elution was
performed sequentially with 2 times 2 column volumes (2 times 200 pl) of each of the
following: 75 mM NaCl AC Buffer with 1% Triton X-100; 300 mM NaCl AC Buffer; 1
M NaCl AC Buffer; and 1% SDS AC Buffer. Forty microliters of each fraction were
analyzed by SDS-PAGE on 12.5% polyacrylamide gels and proteins were visualized by

silver staining.
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Silver Stainj

Gels were prepared for silver staining by fixing overnight in 50% methanol/10% acetic
acid, and then rinsing for 10 minutes in 20% ethanol and 10 minutes in water. Gels were
then reduced with sodium thiosulfate (0.2 g/l) for | minute and then rinsed twice with
water for 20 seconds each wash. Gels were then incubated in silver nitrate (2.0 g/1) for
30 minutes. Gels were washed once with developing solution [sodium carbonate 30 g/1;
formaldehyde 1.4 ml of 37% solution/1; sodium thiosulfate 10 mg/1] for 30 seconds, and
then incubated in the developing solution until the desired intensity was reached. The
reaction was stopped by exchanging the developing solution with 1% acetic acid for a
minimum of 20 minutes. Bands of interest were excised with clean scalpels and twenty
microliters of 1% acetic acid were added to the gel slices which were quick-frozen on dry

ice and stored at —70°C.

Protein Identification by Mass S

Gel slices containing a single 32 kDa band were sent to Borealis Biosciences Inc.
(Toronto, Canada) for identification by MALDI-ToF Mass Spectrometry. The gel slices
containing the candidate protein were processed and digested overnight with the protease,
trypsin, to produce proteolytic peptides that were then prepared for mass spectrometry
with a PerCeptives Biosystems Voyager Elite MALDI-ToF. Identification of the
candidate protein by mass spectrometry was made according to the masses of its

proteolytic peptides. The protein was identified by matching the observed proteolytic
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masses in the MALDI-ToF spectra with the hypothetical proteolytic peptide masses
derived from non-redundant translated genomic databases.

loning of B b -

The BMZF2 ¢cDNA was obtained from a reverse transcriptase (RT) reaction from HeLa
cell mRNA. The reaction mixture consisted of 2 ug of HeLa cell mRNA; 0.15 pug of N
random primers (Pharmacia Amersham Biotech); and 10 U/ul of SuperScript II (LTI),
utilized with conditions recommended by the manufacturer. The reaction mixture was
incubated at 25°C for 10 minutes, 42°C for 1 hour, and 70°C for 15 minutes. The reaction
mixture was then diluted to a final volume of 200 ul. Polymerase chain reaction (PCR)
amplification was performed on the diluted first strand reaction using the Peltier Thermal
Cycler PTC-200 (MJ Research). The PCR mixture consisted of 2 pul of the diluted 1*'
strand reaction; 0.2 uM of each of the forward and reverse primers; 0.4 mM dNTPs; 2
mM MgSOy; 1x Hi-Fi Buffer; and 0.5 U of Platinum Taq DNA Polymerase High Fidelity
(LTI) in a total volume of 25 pL. The forward and reverse primers were BMZF2 5’ Xho
I [S’GATCCTCGAGATGGAGACTGTTTCAGAA3’] and BMZF2 3’ Hind III
[S’GATCAAGCTTCTAAGGTTTTTCTCCAAC3’] which target the start and stop
codons of the BMZF?2 gene. Cycling parameters for the Touchdown PCR reaction were
94°C for 5 minutes; 94°C for 1 minute, 65°C for | minute, and 68°C for 2 minutes — all
for 5 cycles with a negative ramp of 2 °C/cycle; 94°C for 1 minute, 55°C for 1 minute,
and 68°C for 2 minutes - all for 30 cycles; and 68°C for 10 minutes. The RT-PCR

product was analyzed by gel electrophoresis on a 1% agarose gel with 2 ug/ml of
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ethidium bromide and visualized under UV light. The RT-PCR product was then
digested with the restriction enzymes Xho I and Hind III, corresponding to the sites
incorporated into the primers, and ligated into the vector, pBluescript KSII+ (pksII+),
which was digested with the same enzymes. Several clones were sequenced using the T7

Polymerase Sequencing Kit (Pharmacia Amersham Biotech) to verify that the sequence

was correct.
Direct Sequencing

During sequencing of the BMZF2 gene, we noticed several differences between our
clones and the one deposited in public databases (GenBank Accession #: AF067164). To
resolve these, direct sequencing was performed directly on product derived from an RT-
PCR reaction. An RT-PCR reaction was performed as described above on 2 pg of human
fetal brain mMRNA (CLONTECH) and analyzed on a 1% agarose gel. PCR primers were
BMZF2 S° Xho [ and N-terminus Reverse 3° EcoR I
[S’CCCGGAATTCAAAATCAAAGAGGGAGACATCACTGAA3’] primer, which
targets nucleotides 217 to 243 of the BMZF2 gene ORF. The RT-PCR product was
excised from the gel and purified using the Qiaex II Gel Extraction Kit (Qiagen) into a 30
ML volume. Direct Sequencing was performed with the aid of the fmol DNA Sequencing
System (Promega) on 4 pl of the purified template. Some reagents were not supplied by
the kit, such as, T4 Polynucleotide Kinase (NEB) and ATP (y->>P) (NEN). Sequencing
products were electrophoresed on a 6% denaturing polyacrylamide gel. The gel was

dried and exposed to Kodak X-Omat film overnight.
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In Vitre T L i Ip Vitro Transiati

Plasmid KSII-BMZF2 plasmid was linearized with the Sma I restriction enzyme and used
as a template for in vitro transcription. The reaction mixture, in a total volume of 100 l,
consisted of 1 pug of linearized DNA; 10 mM DTT; 0.5 mM of each ATP, GTP, CTP,
UTP; 0.5 mM of the RNA Cap Structure Analog m’G(5")ppp(5')G (NEB); 80 U of
RNAguard RNase Inhibitor; 1x RNA Polymerase Buffer; and 200 U of T7 RNA
Polymerase (NEB) added to 10 pl of cytidine 5’-triphosphate tetrasodium salt [5-’H]
(NEN) which had already been lyophilized in a 1.5 ml eppendorf tube. The reaction
mixture was incubated at 37°C for 2 hours. The in vitro transcription product was
purified by phenol/chloroform extraction, G-50 sephadex spun column, and ethanol
precipitation. The RNA pellet was washed with 70% ethanol, dried, and resuspended in
30 pl of water. In vitro translation was performed with the aid of the Rabbit Reticulocyte
Lysate System (Promega) on approximately 1 ug of BMZF2 mRNA in the presence of
EASYTAG L-[**S}-methionine (NEN) and RNAguard RNase Inhibitor. The reaction
mixture was incubated at 30°C for 60 minutes. Five microliters of the in vitro translation
product were analyzed by SDS-PAGE on 12.5% polyacrylamide gels. Gels were then
fixed in 40% methanol/10% acetic acid, treated with En’Hance Autoradiography
Enhancer (NEN) for 30 minutes, washed with water for 20 minutes, dried, and exposed to
Kodak X-Omat film at -70°C overnight. In vitro transcription and in vitro translation
were performed similarly on a plasmid containing the human p53 ¢cDNA obtained from

the lab of Dr. John White (McGill University).
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GST Pulldown Assay

Twenty microliters (bed volume) of glutathione sepharose 4B resin were washed 3 times
with 200 pl (10 bed volumes) of GST Buffer [S0 mM Tris-Cl+s; 100 mM NaCl; 10 mM
MgCl,; 10% glycerol; 1% Triton X-100; 0.3 mM DTT]. Five micrograms of GST or
GST WT1 ZF proteins were bound to glutathione resin in a total volume of 200 pl of
GST Buffer by incubating 1 hour at 4°C with continuous end over end movement. The
resin was then pelleted and washed twice with 200 uL. of GST Buffer. Five microliters of
the in vitro translated protein, BMZF2 or p53, were then applied to the GST or GST WT1
ZF/resin in a total volume of 200 pl of GST Buffer. Binding was performed by
incubating 1 hour at 4°C with continuous end over end movement. The resin was then
pelleted and the flowthrough was collected and saved for analysis later. The resin was
washed 3 times with GST Buffer and eluted with 80 pl of SDS Sample Buffer. Forty
microliters (50%) of the elution and 40 pul (20%) of the flowthrough were loaded onto
12.5% polyacrylamide gels and analyzed by SDS-PAGE. The gels were coomassie
stained, treated with En’Hance, dried, and exposed to Kodak X-Omat film at —70°C

overnight.
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RESULTS



The WT1 protein has been reported to bind a number of proteins, including PAR-
4, CIAO 1, and p53 (44,62,66). We utilized affinity chromatography and immobilized
the zinc finger domain to determine which, if any, WT1 interacting partners could be
isolated from nuclear extracts prepared for HeLa cells. To this end, HeLa cell nuclear
extracts were incubated with Affigel 10 resin which had been coupled to GST or GST
WT1 ZF fusion proteins, as described in the Materials and Methods. The affigel/GST
resin served as a control for non-specific interactions. Proteins bound to the affinity
resins were washed with a series of buffers differing in salt and detergent concentrations.

Silver stained SDS-PAGE gel 1 shows the input as 40 pl, out of | ml, of the HeLa
cell nuclear extract that was applied to the GST or GST WT1 ZF-coupled resin (Figure
3a, Lane 1). The subsequent lanes show 40 i, out of 1 ml, of the flowthrough collected
after binding (Figure 3a, Lanes 2 to 8). Forty microliters (20%) of each elution is shown
in each lane of gels 2, 3, 4, 5, and 6 (Figures 3b, c, d, ¢, and f). One percent Triton X-
100 AC Buffer eluted predominantly proteins that bound non-specifically to the matrix,
as bands that appear in the GST WT1 ZF lanes (Figure 3b, lanes §, 6, and 7) are also
present in the GST lanes (Figures 3b, lanes 2 and 3), at all concentrations of
protein/resin coupled. Multiple bands were eluted specifically from the GST WT1 ZF
matrix and not from the GST matrix at both the 300 mM NaCl AC Buffer and the 1 M
NaC! AC Buffer elutions (Figure 3¢ and d, lanes 6 and 7 indicated with arrows).
Those bands that appeared in 0.5 mg/mL GST WT1 ZF protein/resin lanes also appeared

in the 2.0 mg/ml protein/resin lanes and with higher intensity. Furthermore, fraction 2 of
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Figure 3:

Isolation of a new potential WT1-interacting protein. HeLa cell nuclear extracts were
incubated with Affigel 10 resin coupled to GST or GST WT1 ZF. (a) The input lane
represents 40 pl, out of 1 ml, of the HeLa cell nuclear extract that was applied to the GST
or GST WTI1 ZF-coupled resin (lane 1). The subsequent lanes represent 40 pl, out of 1
ml, of the flowthrough that was collected after binding (lanes 2 to 8). Afier a series of
washes, the resins were eluted sequentially with buffers of increasing stringency: (b) 1%
Triton X-100 Affinity Chromatography (AC) Buffer; (¢) 300 mM NaCl AC Buffer; (d) 1
M NaCl AC Buffer; (e¢) 1% SDS AC Buffer; and (f) SDS Sample Buffer. Forty
microliters (20%) from each elution were then analyzed by SDS-PAGE on 12.5%
polyacrylamide gels and silver-stained. Proteins of approximately 62 kDa prevailed
across all the lanes and probably corresponded to BSA, which had been used in pre-
blocking. (b) One percent Triton X-100 AC Buffer eluted predominantly proteins that
bound non-specifically to the matrix, as bands that appear in the GST WT1 ZF lanes
(lanes 5, 6, and 7) are also present in the GST lanes (lanes 2 and 3), at all concentrations
of protein/resin coupled. (¢) Multiple bands were eluted specifically from the GST WT]1
ZF matrix and not from the GST matrix at the 300 mM NaCl AC Buffer (lanes 6 and 7,
indicated with arrows). Those bands that appeared in the 0.5 mg/mL GST WT1 ZF
protein/resin lanes and in the 2.0 mg/ml protein/resin lane. (d) The 1 M NaCl AC Buffer
elution yielded a singular protein of approximately 32 kDa in size (lanes 6 and 7,
indicated by arrow). (e and f) Elutions with 1% SDS AC Buffer and SDS Sample Buffer
also revealed proteins that bound non-specifically to the matrix as well as coupled
proteins that had leached off the resin. Bands that appeared in the GST WT1 ZF and
nuclear extract lanes (lanes 6 and 7) are also present in the lanes where no GST or GST
WT1 ZF fusion had been coupled (lanes 2 and 5) and the lanes where GST or GST WT1
ZF fusion had been coupled but no extracts were applied (lanes 1 and 4).
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the elutions yielded similar bands as fraction 1, but with a less overall intensity (data not
shown). Elutions with 1% SDS AC Buffer and SDS Sample Buffer also revealed
proteins that bound non-specifically to the matrix as well as coupled proteins that had
leached off the resin (Figure 3e and f). Bands that appeared in the GST WT1 ZF and
nuclear extract lanes (Figure 3e and f, lanes 6 and 7) are also present in the lanes where
no GST or GST WT1 ZF fusion had been coupled (Figure 3e and f, lanes 2 and $§) and
the lanes where GST or GST WT1 ZF fusion had been coupled but no extracts were
applied (Figure 3e and f, lanes 1 and 4). Proteins of approximately 62 kDa prevailed
across all the lanes and probably correspond to BSA, which had been used in pre-
blocking.

The 1 M NaCl AC Buffer elutions produced a singular band of approximately 32
kDa in size (Figure 3d, lanes 6 and 7 indicated with an arrow). The high salt
concentration required to elute the 32 kDa protein (1 M NaCl) suggests that it exhibits
high affinity binding to WT1 ZF and since it does not appear in the elutions from the
GST matrix, we conclude that it is specifically bound to WT1 ZF. This protein was
excised from the gel and identified by mass spectrometry as described in the Materials
and Methods.

Major peaks from the mass spectrometry were detected at 919.45, 939.52, 971.49,
1020.41, 1082.51, 1153.55, 1166.55, 1179.56, 1234.57, 1257.59, 1277.67, 1320.54,
1399.68, 1433.69, 1434.74, 1463.67, 1475.75, 1513.67, 1578.74, 1621.81, 1638.80,
1642.73, 1697.82, 1704.84, 1707.81, 1716.88, 1718.83, 1951.99, 2163.05, 2201.02,
2273.15, 2311.15, 2334.99, 2351.02, 2464.05, 2465.54, and 2550.12 Da (Figure 4a). A

comparison of the masses of these tryptic fragments using ProFound, a software that
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Figure 4:

Identification of the 32 kDa band by mass spectrometry. The 32 kDa protein obtained
from the 1 M NaCl AC Buffer elution of the affinity chromatography experiment was
processed by Borealis Biosciences Inc. to produce proteolytic peptides that were then
prepared for mass spectrometry with a PerCeptives Biosystems Voyager Eliete MALDI-
ToF. (a) The mass spectrum shows high intensity peaks (indicated with their molecular
masses, in Da), that were subsequently analyzed, as well as low intensity peaks that
constitute the background level. This background is most likely due to various impurities
present in the gel slice. ProFound search results performed on the major peaks generated
from the spectrum identified our candidate protein to be either (b) the Bone Marrow Zinc
Finger 2 protein (BMZF2 or ZNF255) or (¢) a liver-expressed ribosomal protein S3
homologue, both of human origin. These proteins were identified by matching the
observed proteolytic masses in the MALDI-ToF spectra with the hypothetical proteolytic
peptide masses derived from non-redundant translated genomic databases. (b) For
BMZF2, 8 peptides matched out of the 35 peptides measured, covering about 14% of the
protein. (c) Six peptides matched for the ribosomal protein S3 homologue, covering
approximately 24 to 30% of the protein. (d) For BMZF2, 7 of the 8 matched peptides
correspond to the C-terminus of the zinc finger region, whereas | peptide matched to the
N-terminus of the zinc finger region. (The zinc finger region is indicated in bold
lettering.)
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matches the observed proteolytic masses with the hypothetical proteolytic peptide masses
derived from non-redundant translated genomic databases, indicated the presence of 2
proteins: i) Bone Marrow Zinc Finger 2 (BMZF2 or ZNF255) (Figure 4b) and ii) a
ribosomal protein, S3, homologue (Figure 4¢), both of human origin. Of the 35 peptides
analyzed, 6 peptides matched the liver-expressed ribosomal protein S3 homologue and
spanned approximately 24 - 30% of the protein. For BMZF2, 8 peptides matched out of
the 35 peptides measured, covering about 14% of the protein. Seven of the 8 peptides
correspond to the C-terminal end of the zinc finger region, whereas 1 peptide corresponds
to the N-terminus of the zinc finger region (Figure 4d).

Given that WT1 is a nuclear protein, whereas mature ribosomal proteins are
generally found in the cytoplasm, a putative interaction between WT1 and ribosomal
protein S3 homologue was not investigated at this time. For the purpose of the studies
described herein, we focussed on defining a potential interaction between WT1 and

BMZF2.

Clogi s ing of BMZF2 cDNA

BMZF2 is an approximately 70 kDa protein containing of a small N-terminus
region bearing homology to the KRAB motif. The KRAB (Kruppel associated box)
motif is highly conserved in Kruppel-like zinc finger proteins and is capable of mediating
transcriptional repression (120). BMZF2 also contains 18 Kruppel-like zinc fingers at
the C-terminus (121) (Figure 5§). BMZF2 is expressed in all cells of the hematopoietic

lineage including most leukemia cells. The BMZF2 cDNA was originally cloned and
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Figure §:

BMZF2 (a) mRNA and (b) protein structures. BMZF2 mRNA is 3003 bp in length
with a large 5S’UTR of about 1 kb. It has an ORF of 1866 bp, which encodes a protein of
622 amino acids. The BMZF2 protein has 18 tandem zinc fingers and a novel N-terminal
domain named Kruppel-related novel box (KRNB). The KRNB domain is rich in
hydrophobic amino acids (Gly, Ile, Ala, Leu, and Phe) and negatively charged amino
acids (Asp) that are characteristic of transcription factors. The amino acid knuckle,
TGE(R/K)P(F/Y)X (where X represents any amino acid), which is highly conserved in
Kruppel-like zinc finger genes, is found between the zinc finger motifs of BMZF2. The
ZnF UBP, LIM, and C1 domains predicted by SMART analysis have also been indicated.
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characterized by Han et. al (121). They reported the sequence of a cDNA of 3006 bp
containing a large S’UTR of about 1 kb and an ORF of 1869 bp, encoding a protein of
623 amino acids. To obtain a cDNA clone of BMZF2, we designed primers
corresponding to the 5° and 3’ ends of the ORF and cloned this portion of the cDNA by
RT-PCR from HeLa cell mRNA. An RT-PCR product of approximately 2 kb was
obtained (Figure 6) and cloned into pKSII+ vector for DNA sequencing using the Sanger
method (119,122).

We noted discrepancies between the sequence of our cDNA and the reported
sequence (121). Sequencing directly from the PCR product demonstrated that these
nucleotide differences were not due to mistakes generated during the RT-PCR
amplification steps (Figure 7a). The differences lie in the N-terminus region where
instead of 2 adenines at positions 153 and 154 and 192 and 193 or 2 thymidines at
positions 200 and 201, as reported by Han et al. (121), we find only one adenine at
positions 153 and 192 (or revised, 191) and one thymidine at position 200 (or revised,
198) (Figure 7b). The occurrence of three such discrepancies in the N-terminus region
alters the reading frame (and hence amino acid sequence) bracketed by the outermost
discrepancies and shortens the N-terminus region by 1 amino acid overall to 80 amino
acids. This change, however, does not alter the reading frame, or the amino acid
sequence, of the zinc finger domain of BMZF2. BMZF2, therefore, has an ORF of 1866

bp which would encode a protein of 622 amino acids.
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Figure 6:

RT-PCR product of BMZF2 mRNA ORF. Based on the sequence submitted by Han et
al. (121) to GenBank, we designed primers corresponding to the 5’ and 3’ ends of the
predicted ORF to amplify this region from HeLa cell cDNA. An RT-PCR product of
approximately 2 kb was obtained (expected size 1869 bp) as shown by electrophoresis on
a 1% agarose gel stained with ethidium bromide.
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Figure 7:

Nucleotide and amino acid sequences of the BMZF2 KRNB domain. There were
discrepancies between the sequencing results we obtained and the sequence reported by
Han et al. (121). (a) Sequencing directly from the PCR product demonstrated that these
nucleotide differences were not due to mistakes generated during the RT-PCR
amplification steps. We read one adenine at positions 153 and 192 (or revised, 191) and
one thymidine at position 200 (or revised, 198) (indicated with arrows). (b) Instead of 2
adenines at positions 153 and 154 and 192 and 193 and 2 thymidines at positions 200 and
201 for the sequence that is reported in the GenBank (GenBank Accession #: AF067164),
we read one adenine at positions 153 and 192 (or revised, 191) and one thymidine at
position 200 (or revised, 198) (upper panel, indicated with bold lettering). The
occurrence of three such discrepancies in the N-terminus region alters the reading frame
(and hence the amino acid sequence) bracketed by the outermost discrepancies (boxed
and shaded in grey), and shortens the N-terminus region by 1 amino acid overall to 80
amino acids (lower panel). This change, however, does not alter the reading frame, or the
amino acid sequence, of the zinc finger domain of BMZF2. BMZF2 cDNA, therefore,
has an ORF of 1866 bp which would encode a protein of 622 amino acids.
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Bioinfi ics Analysis of BMZF2

BLAST searches were performed on the BMZF2 N-terminus and full-length
amino acid sequences. The results indicated that the BMZF2 N-terminus shared a 32%
homology over 73 amino acids with the N-terminus of Zinc Finger Protein 45 (ZN4S5 or
BRC1744) (GenBank accession no. Q02386). ZN4S5 is a nuclear protein which contains
an N-terminal KRAB box and 15 Kruppel-like zinc fingers at its C-terminus. It is likely
that ZN45 functions as a transcription factor or a nucleic acid binding protein. The full-
length BMZF?2 protein shows approximately 50% homology to Zinc Finger Protein 91
(ZN91). ZNO91 is an uncharacterized protein whose gene maps to chromosomal region
19pl12.

Protein sequence analysis using the Simple Modular Architecture Research Tool
(SMART), a web-based analysis tool, indicated that the BMZF2 protein harbors some
potentially interesting domains (Figure §). As expected, SMART predicted that BMZF2
has 18 zinc fingers. Upon closer inspection, it is apparent that the first 16 zinc fingers
exist together in a tandem array, followed by a linker region approximately the length of
one zinc finger, and terminating with two zinc fingers. SMART also predicted three
domains that are “hidden” within the zinc finger region. These are the ZnF UBP domain
(amino acids 192 to 251), the LIM domain (amino acids 372 to 432), and the C1 domain
(amino acids 499 to 541). LIM domains were first recognized in 3 homeodomain
proteins and named for them: c.elegans LIN-11, rat ISL1, and c. elegans MEC-3 (123).
The LIM domain is a zinc-binding domain that has a role as a mediator of protein-protein

interactions via tyrosine-containing motifs. LIM domains are found in many key

50




regulators of developmental pathways, such as LHX1 (124) and LMO2 (125). The CI
domain stands for “protein kinase C conserved region 1” and is very cysteine-rich. Some
C1 domains bind phorbol esters and diacylglycerol while others bind RasGTP. ClI
domains also bind zinc. C1 domains have been found in protein kinase C (126) and the
Raf-1 protein (127). The function of the ZnF UBP domain (Ubiquitin Carboxyl-terminal
Hydrolase-like zinc finger) is not very well defined but this domain has been found in

ubiquitin carboxyl-terminal hydrolase 5 (128) and histone deacetylase 6 (129).

WT1 Interacts with BMZF2 in vi

We verified the interaction between BMZF2 and WT1 in vitro by performing
GST pulldown assays. GST WT1 ZF protein was bound to glutathione sepharose 4B
resin and incubated with in vitro translated BMZF2 protein to assess binding. GST
coupled to glutathione sepharose served as a control for non-specific binding. In vitro
translated pS3 protein served as a positive control for the binding assay. After a series of
washes, the resin was eluted with SDS Sample Buffer and the elutions were analyzed by
SDS-PAGE and autoradiography of the dried gels.

Gel 1 showed 20% of the flowthrough in each lane (Figure 8a). Gel 2 showed
that there were no bands present in the GST lanes (Figure 8b, lanes 1 and 2). This
indicated that the interactions we observed in the GST WT1 ZF lanes were not due to
non-specific interactions with GST. A band of approximately 53 kDa in the GST WT1
ZF and p53 lane (Figure 8b, lane 4) indicated that p53 bound to WT1 ZF, as expected of

the positive control. A band of approximately 70 kDa in the GST WT1 ZF and BMZF2
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Figure 8:

WT1 interacts with BMZF?2 in vitro. GST pulldown assays were carried out to verify
the interaction between BMZF2 and WT]1 in vitro. Purified GST WT1 ZF proteins were
bound to glutathione sepharose 4B resin and then incubated with in vitro translated **S-
labelled BMZF2 protein to assess binding. After a series of washes, the resin was eluted
with SDS Sample Buffer and the elutions were analyzed by SDS-PAGE and
autoradiography of the dried gels. (8) 20% of the flowthrough is shown in each lane. (b)
GST coupled to glutathione sepharose served as a control for non-specific binding. There
were no bands present in the GST lanes (lanes 1 and 2) which indicated that the
interactions we observed in the GST WT1 ZF lanes were not due to non-specific
interactions with GST. A band of approximately 53 kDa in the GST WT1 ZF and p53
lane (lane 4) indicated that p53 bound to WT1 ZF, as expected of the positive control. A
band of approximately 70 kDa in the GST WT1 ZF and BMZF2 lane (lane 3) indicated
that there was binding between WT1 and BMZF2. Proteins of approximately 42 and 58
kDa also observed in this lane probably correspond to degradation products of the in vitro
translated BMZF2.
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lane (Figure 8b, lane 3) indicated that there was binding between WT1 and BMZF2.
Proteins of approximately 42 and 58 kDa also observed in this lane probably correspond

to degradation products of the in vitro translated BMZF2.
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DISCUSSION
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Utilizing affinity chromatography and mass spectrometry analysis, we have
identified a new potential WT1 (-KTS) interacting protein, BMZF2. ProFound Search
results indicated that 8 out of the 35 tryptic peptides measured matched closely to the
computed masses of the BMZF2 tryptic peptides, with negligible error (Figure 4b).
Masses of peptides from a proteolytic digestion of a protein are compared to the masses
of a peptide database calculated from the National Center for Biotechnology Information
(NCBI) non-redundant protein database. The NCBI GenBank database has increased in
size, from 4,864,570 sequences in December 1999, when the ProFound Search was
carried out, to 7,077,491 sequences as of August 2000 (130). If BMZF2 was not the
correct match, the likelihood of not finding the correct match is ~ 31%, representing the

proportion of sequences in the database that have not been searched.

BMZF2

BMZF? is a zinc finger gene expressed in the hematopoietic system (121). The
c¢DNA was originally cloned by Han et al. (121) from normal bone marrow mRNA and a
leukemia cell line as part of their efforts to explore the molecular regulation of
hematopoiesis. They identified 6 novel genes all containing tandemly repeated Kruppel-
like Cys;/His,; zinc fingers at the C-terminus with possible transcriptional regulatory
elements, such as the KRAB domain and the SCAN box, at the N-terminus. One of these
genes was BMZF?2 (or ZNF255).

The BMZF?2 protein has 18 tandem zinc fingers and a novel N-terminal domain

named Kruppel-related novel box (KRNB) (121) (Figure §). The KRNB domain is rich
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in hydrophobic amino acids (Gly, lle, Ala, Leu, and Phe) and negatively charged amino
acids (Asp) that are characteristic of transcription factors. The amino acid knuckle,
TGER/K)P(F/Y)X (where X represents any amino acid), which is highly conserved in
Kruppel-like zinc finger genes, is found between the zinc finger motifs of BMZF2 (131).
Therefore, it was reasonable to predict that BMZF2 could encode a nucleic acid-binding
protein with transcriptional regulatory properties.

BMZF?2 is expressed ubiquitously in the cells of the hematopoietic lineage and is
selectively expressed in other tissues (121). Han et al. (121) examined the expression
pattern of BMZF2 in various tissues and leukemia cell lines by semi-quantitative RT-
PCR, as the low expression levels of this gene are undetectable using Northern blot
analysis. There is very low expression in the heart, lung, and liver and slightly higher
expression in the brain, kidney, testis, spleen, pancreas, stomach, and placenta (121).

BMZF?2 is also expressed in the HeLa cell line, a cervical cancer cell line. Since
we cloned the BMZF2 ¢cDNA by RT-PCR from HeLa cell mRNA and the nuclear
extracts used for the affinity chromatography experiment were prepared from HeLa cells
as well, BMZF?2 transcripts and protein are both expressed in HeLa cells. We have not
investigated the abundance of the WT1 and BMZF2 proteins within the HeLa cell line

and it is possible that the expression of either may be upregulated in tumor cells.

The results we obtained from the Affinity Chromatography and GST pulldown

experiments suggest that there is binding between the WT1 (-KTS) zinc fingers and the
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70 kDa BMZF?2 protein. We are attempting to further characterize this interaction in vivo
by using a mammalian expression system and transfecting into cultured cells.

We note that although the conceptual translation of BMZF2 predicts a protein of
70 kDa, initially a polypeptide of ~32 kDa was identified (Figure 3d, lanes 6 and 7).
We then wondered if this could be the result of BMZF2 degradation in vivo. This
hypothesis was supported by the mass spectrometry results of the 32 kDa band, which
showed that 7 out of the 8 peptides matched correspond to the C-terminus of BMZF2,
whereas | peptide corresponds to the N-terminus of the zinc finger region (Figure 4d).
The 7 C-terminal peptides can be placed on a contiguous 32 kDa BMZF2 proteolytic
fragment. It is possible that the 32 kDa band is the product of BMZF2 degradation in
vivo and corresponds to either a C-terminus fragment of the BMZF2 zinc finger region or
a more N-terminal fragment. To verify whether or not the protein was being degraded in
vivo from the N-terminus, BMZF2 can be tagged at the C-terminus and cellular extracts

can be analyzed by Western blotting using antibodies against the tag.

Zine Fi Can Mediate Protein-Protein [ntcracti

It has been estimated that approximately 500 zinc finger proteins are encoded by
the yeast genome and that approximately 1% of all mammalian genes encode zinc finger
proteins (132). While zinc finger motifs are commonly known for their DNA and RNA-
binding abilities, recent reports suggest that zinc finger proteins can also mediate protein-
protein interactions. This might help to explain the prevalence of these proteins within

the cell.
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The Ikaros protein, which plays a central role in the development of lymphoid
cells, provides a good example of a zinc finger protein that is capable of mediating DNA-
binding and protein-protein interaction (133). Ikaros contains up to 6 Kruppel-like
fingers (depending on splicing patterns), with the first four involved in sequence-specific
DNA binding and the last two involved in Ikaros homodimerization. The two C-terminal
zinc fingers are conserved in all splicing isoforms. Aiolos, another zinc finger protein,
interacts with both lkaros and itself through its own double-finger dimerization domain
(134). Dimerization of Ikaros and Aiolos modulates their ability to bind DNA and to
activate transcription.

Kruppel-like zinc fingers can also make contact with the finger proteins from
other families. For example, the GATA-1 protein, which contains two Cys,/Cys; fingers,
reserves its C-terminal finger for DNA binding while it interacts through its N-terminal
finger with finger 6 of FOG (Friend of GATA), which exhibits a Kruppel-related
Cysa/His/Cys configuration and appears to be somewhat isolated from FOG’s other 8
fingers (135). DNA binding by Kruppel-like zinc fingers requires a tandem array of
fingers (136) and it has been suggested that the isolation of one or a few fingers may
serve as an indication of their non-DNA-binding function (132).

Furthermore, the Kruppel-like zinc fingers of the transcription factors Spl and
EKLF appear to be capable of binding both DNA and proteins simultaneously (137). It
has been suggested that the interaction between DNA-bound Spl, EKLF, FOG, and
GATA could facilitate communication between widely-spaced control elements in DNA.

This is further complicated by the observation that both fingers of GATA-1 are
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implicated in homodimerization or even multimerization and that GATA-1 can dimerize
while bound to DNA (138).

Most nuclear zinc finger proteins contain multiple zinc fingers, while the
cytoplasmic zinc finger proteins often contain only one or two (132). One possible
explanation for this is that the tandem array of fingers is usually required for high-affinity
and sequence-specific binding to DNA, whereas in many cases, single fingers may be
sufficient for interacting with other proteins, which typically present more heterogeneous
surfaces.

We have not identified the domains of interaction, which can be determined by
performing GST pulldown experiments with WT1 zinc finger and BMZF2 truncation
mutants. Of greater interest to us is the effect of the interaction between the WT1
(-KTS) protein, a known tumor suppressor gene and transcription factor, and the BMZF2
protein, a potential transcription factor. We would like to understand whether or not

there is a physiological or pathological effect as a result of the interaction.

WT1 expression has been detected in fetal spleen, liver, and thymus. These are all
tissues in which hematopoiesis takes place during embryonic development (1). WT!
transcripts have also been detected in adult bone marrow, lymph nodes, and peripheral
blood. There is data to suggest that WT1 may play a role in the development of
erythroid, myeloid, and lymphoid cells during fetal and adult stages. W7/ expression is

found predominantly in more immature cells and differentiation of these cells is
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correlated with downregulation of WT/ expression. This suggests that WT1 has a role in
early hematopoiesis (139-141).

While WT! is only transiently expressed in normal hematopoiesis, it is
continuously expressed at high levels in acute myelocytic and lymphocytic leukemia and
in chronic myelocytic leukemia (142). A high level of WT! expression in leukemia cells
is linked to poor prognosis in patients with leukemia, rendering the WT/ gene a novel
marker for leukemia cells (143). Assays of the T/ mRNA level have also become a
rapid way to assess the effectiveness of treatment and to evaluate the degree of
eradication of leukemic cells in leukemia patients. Conversely, the loss of W'T/ gene
function has also been implicated in the development of malignancies including acute
leukemias (144). This correlates with the tumor suppressive effects of WT/ expression in
leukemia cell lines and suggests that W7/ acts as a differentiation-promoting gene during
hematopoiesis and that the loss of functional WT! expression may contribute to
leukemogenesis in vivo.

What then is the relationship between WT1 and BMZF2 in hematopoiesis and
leukemogenesis? Perhaps, WT1 regulates the expression of the potential transcription
factor, BMZF2, in hematopoiesis. Since BMZF2 transcripts are detected in all cells of
the hematopoietic lineage, WT1 may regulate BMZF2’'s activity through protein-protein

interactions, or conversely, BMZF2 may regulate WT1’s activity.

M lisn K Llike Zine Fi




Mammalian Kruppel-like zinc finger genes are usually involved in embryo
development and hematopoiesis. The KRAB domain was found to be evolutionarily
conserved in approximately one-third of these zinc finger proteins, and while it normally
functions as a transcriptional repressor (120), another domain which has also been found
associated with Cys;/His; zinc fingers, the SCAN box, functions as a potent
transactivator (145).

An example of a Kruppel-like zinc finger protein that is involved in the
physiological and pathological regulation of hematopoiesis is the Erythroid Kruppel-like
Factor (EKLF). EKLF, which regulates the expression of the B—globin gene in vivo
(146,147), is a protein of 362 amino acids that contains three C-terminal zinc fingers
(148). The EKLF gene is localized to chromosome 19p13, a region which is deleted in
some cases of acute erythroleukemia, but very rarely deleted in other acute leukemia
subtypes (149). The loss of chromosomal region 19p in certain cases of erythroleukemia
is consistent with the tumor suppressor role of EKLF. In addition, the re-introduction of
other members of the Kruppel-like factor family is associated with a loss of proliferation
and/or differentiation; for example, the expression of the WT/ gene will result in growth
inhibition (7). Interestingly, the zinc fingers of WT]1 are related to Cys,/His; zinc fingers

of EKLF, which also contains a proline-rich N-terminus.

Summary

We have isolated and identified a new potential WT1-interacting protein, BMZF2,

which binds the zinc finger region of the WT1 (—KTS) isoform. Amino acid sequence
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analysis of BMZF2 suggests that it is a potential transcription factor with DNA-binding
abilities. WTI1 is a known tumor suppressor gene and transcription factor. The
expression patterns of BMZF2 and WT1 suggest that they are both important, if not
crucial, to the regulation of mammalian development and hematopoiesis. Clearly,
additional work is required to better understand the nature of the WT1-BMZF2

interaction as well as the physiological and pathological effects that may result.
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