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Abstract

The Wilms’ tumor 1 protein (WT1) is a transcriptional regulator that can either activate or repress
genes controlling cell growth, apoptosis and differentiation. The transcriptional corepressor
BASP1 interacts with WT1 and mediates WT1’s transcriptional repression activity. BASP1 is
contained within large complexes, suggesting that it works in concert with other factors. Here we
report that the transcriptional repressor prohibitin is part of the WT1-BASP1 transcriptional
repression complex. Prohibitin interacts with BASP1, colocalizes with BASP1 in the nucleus, and
is recruited to the promoter region of WT1 target genes to elicit BASP1-dependent transcriptional
repression. We demonstrate that prohibitin and BASP1 cooperate to recruit the chromatin
remodeling factor BRG1 to WT1-responsive promoters and that this results in the dissociation of
CBP from the promoter region of WT1 target genes. As seen with BASP1, prohibitin can associate
with phospholipids. We demonstrate that the recruitment of PIP2 and HDAC1 to WT1 target
genes is also dependent on the concerted activity of BASP1 and prohibitin. Our findings provide
new insights into the function of prohibitin in transcriptional regulation and uncover a BASP1-
prohibitin complex that plays an essential role in the PIP2-dependent recruitment of chromatin
remodeling activities to the promoter.
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Introduction

The Wilms’ tumor 1 protein (WT1) plays an important role in development of several
organs and is mutated or aberrantly expressed in different cancers where it acts as an
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oncogene or a tumor suppressor. 1-3 As a transcriptional regulator WT1 activities are
complex, resulting in either transcriptional activation or repression of numerous target genes
involved in disparate biological activities. 4 We identified BASP1 as a WT1 cofactor that
converts WT1 from a transcriptional activator to a repressor. > ® Since WT1 and BASP1 are
co-expressed at numerous sites in the developing embryo, this suggests a role for BASP1 in
regulating the function of WT1 during development. ©

BASP1 can localize to the nucleus through a bipartite nuclear localization sequence (NLS)
and binds to WT1 at the promoters of several target genes. 611 BASP1 can also inhibit
cellular transformation by the v-myc oncogene and blocks the regulation of myc target
genes.12 Moreover, BASP1 expression is downregulated in hepatocellular carcinomas and
several leukemia’s, which is attributed to silencing of the BASP1 gene through
methylation. 13- 14 Taken together, these recent studies suggest a significant tumor
suppressor role for BASP1.

How BASP1 acts as a transcriptional corepressor is not clear. We recently demonstrated that
transcriptional repression by the WT1-BASP1 complex requires the N-terminal
myristoylation of BASP1 to provide a platform for the recruitment of the phospholipid PIP2
to the promoter. The BASP1-PIP2 interaction is critical for the assembly of HDACL1 to
mediate transcriptional repression. 11 Although our understanding of the transcription
function of BASP1 has increased significantly in recent years, it is still not clear how
BASP1 acts in concert with other components of the transcription machinery.

Previous gel filtration analyses revealed that BASP1 is contained within large complexes
within the nucleus. 8 Here we report that BASP1 interacts with the transcriptional
corepressor and tumor suppressor prohibitin. Prohibitin acts as a corepressor for several
transcription factors including E2F, 15-20 Rb, 2lestrogen receptor, ER 22-24 and androgen
receptor AR 2526 \We demonstrate that prohibitin forms an integral component of the WT1-
BASP1 repressor complex and that it functions to recruit ATP-dependent chromatin
remodeling complexes to WT1-dependent promoters. Furthermore BASP1 and prohibitin
cooperate through PIP2 to recruit histone deacetylase activity. Our findings uncover
prohibitin as a key component that regulates the activity of the WT1-BASP1 complex in a
multi-faceted mechanism of transcriptional repression.

Prohibitin interacts with and colocalizes with BASP1 in the nucleus

Our previous studies demonstrated that BASP1 is contained within large complexes (up to
1MDa) in nuclear extracts. 8 We therefore sought to identify proteins that
coimmunoprecipitate with BASP1 from nuclear extracts. K562 cells do not normally
express BASP1 and we have shown previously that the stable introduction of BASP1 into
K562 cells leads to robust transcriptional repression of WT1 target genes. & 10-11 we
employed these stable K562 cell line derivatives, that contain either pcDNA3 vector (V-
K562 cells; V) or the same vector driving expression of a BASP1 derivative containing a C-
terminal FLAG tag (BASP1-K562; B). Nuclear extracts were prepared from V-K562 and
BASP1-K562 cells and immunoprecipitation performed with anti-FLAG antibodies. We
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confirmed that the anti-FLAG antibodies efficiently immunoprecipitated BASP1 from
nuclear extracts prepared from BASP1-K562 cells but not the control V-K562 cells (Figure
1A). Analysis of the eluates by Sypro ruby staining revealed several proteins specific to the
FLAG immunoprecipitate from BASP1-K562 cells (Figure 1B). We identified one of the
proteins as prohibitin (indicated).

To confirm that prohibitin is a bona fide BASP1-interacting protein, we performed
coimmunoprecipitation with nuclear extracts prepared from HelLa cells, which contain
endogenous BASP1 and prohibitin. Anti-prohibitin immunoprecipitates contained BASP1
(Figure 1C), and prohibitin was also retained in anti-BASP1 immunoprecipitates (Figure
1D). We confirmed that endogenous BASP1 and prohibitin colocalize in the nucleus of
MCF7 cells using coimmunofluorescence (Figure 1E). Comparable results were obtained
when BASPL1 and prohibitin were analyzed in U20S cells (Figure 1F). Taken together, the
data in Figure 1 demonstrate that BASP1 and prohibitin associate in the cell nucleus.

Prohibitin mediates BASP1-dependent transcriptional repression of WT1 target genes

Since prohibitin had previously been identified as a transcriptional corepressor 27 we
considered that it might also be required to elicit BASP1-mediated transcriptional repression
of WT1 target genes. We analyzed the effect of prohibitin depletion on the expression of
WT1 target genes in V-K562 and BASP1-K562 cells. V-K562 cells and BASP1-K562 cells
were transfected with a control small interfering RNA (siRNA) or siRNAs targeting two
different regions of prohibitin (prohibitin SIRNA 1 and prohibitin sSiRNA 2).
Immunoblotting of whole-cell extracts with anti-prohibitin antibodies confirmed the
depletion of prohibitin by both siRNAs (Figure 2). 48 hours after transfection, cDNA was
produced and the expression levels of the WT1 target genes AREG and Ets-1, along with
Bax as a control non-WT1 target gene, was measured (Figure 2). As we reported before,
expression of BASP1 in K562 cells resulted in reduced expression of AREG and Ets-1 but
not Bax. 10: 11 Depletion of prohibitin in BASP1-K562 cells with either of the two different
siRNAs caused elevation of AREG and Ets-1 mRNA in BASP1-K562 cells but not the
control gene Bax. Conversely, in the V-K562 cells (that do not express BASP1), AREG and
Ets-1 mRNA did not change. These data demonstrate that prohibitin is required for the
BASP1-dependent transcriptional repression of WT1 target genes.

Prohibitin recruitment at promoters is BASP1 and WT1-dependent

To further explore the functional role that prohibitin plays in BASP1-dependent
transcriptional repression, we next used chromatin immunoprecipitation (ChIP) to determine
if prohibitin is recruited to the AREG promoter, a well defined WT1 target gene. 28 ChIP
was performed with control, anti-WT1, anti-BASP1 or anti-prohibitin antibodies using
fragmented cross-linked chromatin from V-K562 cells and BASP1-K562 cells (Figure 3A).
As previously reported by us, WT1 occupied the AREG promoter in both VV-K562 cells and
BASP1-K562 cells. 1011 BASP1 occupied the AREG promoter only in BASP1-expressing
K562 cells (Figure 3A). ChiP analysis with anti-prohibitin antibodies demonstrated
significant recruitment of prohibitin to the AREG promoter in BASP1-K562 cells but not the
control V-K562 cells (Figure 3A). Thus, prohibitin is recruited to the AREG promoter only
when BASP1 is expressed.
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We sought to confirm and extend these findings by performing ChIP analysis in U20S cells,
which express endogenous WT1 and BASP1 (Figure 3B). 1129 U20S cells were transfected
with control siRNA, or siRNAs targeting WT1 or BASP1, and then ChIP analysis was
performed with anti-prohibitin and control 1gG antibodies. Immunoblotting confirmed the
successful ablation BASP1 and WT1 by their respective siRNAs (Figure 3B, at bottom).
ChIP analysis with anti-prohibitin antibodies revealed a significant loss of prohibitin
recruitment to the AREG and c-myc promoters in U20S cells when either BASP1 or WT1
were depleted (Figure 3B). Comparable results were obtained when we analyzed the
recruitment of prohibitin to the AREG and c-myc promoters in MCF7 cells transfected with
either BASP1 or WT1 siRNA (Supplementary Figure 1). These results independently
confirm that the recruitment of prohibitin to the promoters of WT1 target genes is both
BASP1- and WT1-dependent. To further validate the role of prohibitin as a corepressor of
WT1-BASP1 complex, U20S cells were transfected with either control siRNA or siRNA
directed to prohibitin, BASP1 or WT1. Western blotting confirmed successful depletion of
prohibitin, BASP1 and WT1 expression by the respective siRNAs (Figure 3C, bottom).
Quantitative PCR (qPCR) was used to analyze the effect of Prohibitin, BASP1 or WT1
depletion on expression of the WT1 target genes amphiregulin (AREG) and c-myc. SiRNAs
targeting prohibitin, BASP1 or WT1 caused elevation of both AREG and c-myc mRNA
suggesting that each factor is required to mediate transcriptional repression of these WT1
target genes (Figure 3C). Comparable results were obtained when we analyzed the effect of
transfection of prohibitin, BASP1 and WT1 siRNA on the expression of AREG and c-myc
in MCF7 cells (Supplementary Figure 2).

Prohibitin recruits BRG1 to WT1 target genes to mediate transcriptional repression

We next explored the molecular mechanism by which prohibitin directs the repression of
WT1 target genes. It has been previously shown that prohibitin utilizes the SWI-SNF
complex core ATPase, BRG1, to mediate repression at AR-, ER- and E2F-responsive
promoters. 17: 30,31, 26 \we therefore sought to determine if BRG1 is recruited to WT1 target
genes to mediate transcriptional repression. U20S cells transfected with control siRNA or
prohibitin siRNA were subjected to ChIP with control antibodies, anti-BASP1 or anti-BRG1
antibodies. Compared with the control cells, cells that were depleted of prohibitin showed a
significant reduction in BRG1 recruitment to both the AREG and c-myc promoters (Figure
4A). Western blotting confirmed successful depletion of prohibitin in cells transfected with
prohibitin siRNA. A reduction in BRG1 recruitment to the AREG and c-myc promoters was
also observed in MCF7 cells depleted of prohibitin compared to control cells
(Supplementary Figure 3). These results suggest that BRG1 is recruited to the promoters of
WT1 target genes in a prohibitin-dependent manner.

Since the association between prohibitin and BRG1 is well-established and our data suggest
that BASP1 and prohibitin associate in the nucleus, we next sought to determine if there is
an association between BASP1 and BRG1. Immunofluorescence with anti-BASP1 and anti-
BRG1 antibodies revealed that BASP1 and BRG1 colocalize in the nucleus of MCF7 cells
(Figure 4B). Furthermore, anti-BASP1 immunoprecipitates from HeLa cell nuclear extract
contained BRGL1 (Figure 4C) and BASP1 was detected in the corresponding anti-BRG1
immunoprecipitates (Figure 4D). Taken together, these data demonstrate that BASP1
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colocalizes with and interacts with BRGL1 in the nucleus and suggest that BRG1 recruitment
to the promoter of WT1 target genes may be both prohibitin and BASP1-dependent. To test
this possibility, U20S cells were transfected with control siRNA or BASP1 siRNA and then
subjected to ChlIP assays with control antibodies or anti-BRG1 antibodies. Western blotting
with anti-BASP1 antibodies confirmed depletion of BASP1 (Figure 4E). ChIP analysis
revealed that BRG1 recruitment to the promoters of both the AREG and c-myc genes
showed a significant decrease in BASP1-depleted cells when compared to the control U20S
cells (Figure 4E). Thus, BRG1 recruitment at promoters is BASP1- and prohibitin-
dependent.

BRG1, the central catalytic subunit of numerous chromatin-modifying complexes, is a major
coregulator of transcription by remodeling nucleosomal structure in an ATP-dependent
manner. 3132 BRG1 has been implicated in both the activation and repression of gene
expression depending upon the promoter context and the protein subunits comprising the
complex. 33-35 Our data so far suggests that BRG1 associates with the BASP1 and prohibitin
corepressor complex. To determine if BRG1 plays a role in the BASP1-dependent
repression of WT1 target genes, VK562 cells and BASP1-K562 cells were transfected with
control siRNA or BRG1 siRNA. Immunoblotting of whole-cell extracts with anti-BRG1
antibodies confirmed significant depletion of BRG1 in V-K562 cells and BASP1-K562 cells
when compared to the cells transfected with control siRNA (Figure 4F). We then prepared
cDNA and measured the expression of the WT1 target genes AREG, Ets-1 and Vitamin D
receptor (VDR; Figure 4F). While expression of BRG1 was ablated successfully in both
BASP1 K562 cells and V-K562 cells, AREG, Ets-1 and VDR RNA was significantly
elevated only in BASP1 K562 cells and not VV-K562 cells (Figure 4F). Taken together the
results of Figure 4 suggest that BRG1 mediates transcriptional repression of WT1 target
genes and that this requires both BASP1 and prohibitin.

Prohibitin is required for the BASP1-dependent recruitment of PIP2 and HDACL1 to the
promoters of WT1 target genes

We recently reported that repression of transcription by the WT1-BASP1 complex requires
the N-terminal myristoylation of BASP1 and the PIP2-dependent recruitment of HDAC1 to
gene promoters. 11 Studies by others have shown that prohibitin also interacts with HDAC1
and recruits HDAC1 to repress E2F-mediated transcription. 21 Moreover, prohibitin also
associates with phospholipids. 3¢ Thus we sought to determine if prohibitin plays a role in
the recruitment of PIP2 and HDACL1 to the promoter regions of WT1 target genes. U20S
cells were transfected with BASP1 siRNA, prohibitin siRNA or control siRNA and then
subjected to ChIP assays with control antibodies, anti-PIP2 antibodies, or anti-HDAC1
antibodies. Consistent with our previous results in K562 cells, 11 when the expression of
BASP1 was ablated in U20S cells by siRNA, the recruitment of PIP2 and HDACL to the
AREG and c-myc promoters was significantly reduced (Figure 5A). siRNA-mediated
depletion of prohibitin also led to a significant reduction in the recruitment of both PIP2 and
HDACL to the AREG and c-myc promoters compared to the control cells (Figure 5A).
These data suggest that prohibitin and BASP1 are both required for the recruitment of PIP2
and HDAC1 to the promoter to mediate transcriptional repression.
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We have previously shown that K562 cells expressing BASP1 mutant derivative G2A
(which prevents the N-terminal myristoylation of BASP1) led to a reduction of PIP2 and
HDACL recruitment at promoters compared to wild type BASP1 expressing cells and was
thus defective in transcriptional repression. 11 Since our data above demonstrate that
prohibitin is important for PIP2 and HDACL recruitment at promoters, we sought to
determine if prohibitin recruitment at promoters was dependent on the N-terminal
myristoylation of BASP1. Vector control K562 cells or K562 cell line derivatives expressing
either wild-type BASP1 or BASP1 G2A were subjected to ChIP with control antibodies,
BASP1 antibodies or prohibitin antibodies (Figure 5B). As in figure 3A, compared to the
control V-K562 cells, wild-type BASP1-K562 cells showed recruitment of both BASP1 and
prohibitin to the AREG promoter (Figure 5B). In contrast, cells expressing BASP1 G2A did
not show efficient recruitment of prohibitin to the AREG promoter compared with control
cells, even though BASP1 G2A itself was recruited (Figure 5B). Moreover, while anti-
prohibitin antibodies coimmunoprecipitated wild type BASP1 from nuclear extracts
prepared from BASP1-K562 cells, BASP1 G2A did not coimmunoprecipitate (Figure 5B,
lower panel). Thus, the myristoylation of BASP1 is not only important for PIP2 and HDAC1
recruitment but is also required for prohibitin recruitment to the promoter to mediate
transcriptional repression. 11

Prohibitin induces transcriptional repression, in part, through the removal of coactivators
such as p300/CBP. 26 Since p300/CBP also acts as a coactivator for WT1, 37 we next sought
to determine if prohibitin and/or BASP1 play a role in regulating the association of CBP
with WT1. U20S cells transfected with control siRNA, prohibitin siRNA or BASP1 siRNA
were subjected to ChIP with control antibodies or anti-CBP antibodies. Depletion of BASP1
or prohibitin led to a significant increase in CBP recruitment to AREG and c-myc promoters
compared to the control cells (Figure 5C). Thus, the BASP1/prohibitin corepressor complex
blocks the association of the coactivator CBP with WT1 at the promoter.

Prohibitin is required for the BASP1-dependent diversion of the K562 differentiation

program

Our data so far suggest that prohibitin plays a critical role in transcriptional repression by
WT1-BASP1. We next sought evidence of the functional relevance of prohibitin to the
control of cell differentiation by WT1-BASP1. We have previously demonstrated that WT1
and BASP1 transcriptionally cooperate to redirect the PMA-dependent differentiation
pathway of K562 cells to an arborized cell type with neuronal characteristics. 10- 11 We
therefore transfected V-K562 cells or BASP1-K562 cells with control sSiRNA or siRNA
targeting prohibitin. 48 hours after transfection, the cells were treated with PMA and
allowed the cells to differentiate over 3 days. Immunoblotting confirmed that transfection of
the prohibitin siRNA caused a significant reduction in prohibitin expression in both V-K562
and BASP1-K562 cells (Figure 6A). As before, BASP1-K562 cells exhibited an altered
differentiation morphology, becoming highly arborized when compared to the vector control
K562 cells (Figure 6A, quantitated in Figure 6B). While transfection of the prohibitin
siRNA had no observable effect in PMA-induced control VK562 cells, it significantly
blocked the PMA-induced arborization of BASP1-K562 cells (Figure 6A, quantitation in
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Figure 6B). Thus, prohibitin expression is required for the WT1- and BASP1-dependent
differentiation program of BASP1 K562 cells that occurs in response to PMA treatment.

PMA treatment of BASP1-K562 cells leads to the induction of several neuronal markers
(e.g. P2X5 and MAO; 19). We therefore prepared cDNA from V-K562 cells and B-K562
cells that had been transfected with control or prohibitin siRNA, and then treated with PMA
for 48 hours. Ablation of prohibitin in BASP1-K562 cells blocked the induction of both of
the neuronal makers, P2X5 and MAO, but did not have any significant effect on the
expression of these genes in V-K562 cells (Figure 6C). Taken together the findings in Figure
6 demonstrate that the WT1-BASP1 complex requires prohibitin cooperation to elicit the
PMA-induced arborization of K562 cells and the induction of neuronal markers.

Discussion

In this study we have provided evidence that prohibitin is a BASP1 cofactor that regulates
the transcriptional activity of the WT1-BASP1 complex. Our findings suggest that prohibitin
and BASP1 cooperate to regulate the expression of WT1 target genes by at least three
mechanisms; BASP1 and prohibitin facilitate the recruitment of BRG1-containing chromatin
remodeling activities to WT1 target genes. BASP1 and prohibitin cooperate through the
phospholipid PIP2 to recruit HDACL to the promoter. Finally, BASP1 and prohibitin
compete with CBP to interact with WT1 during the switch from WT1-mediated
transcriptional activation to repression. Taken together, our results suggest that BASP1 and
prohibitin form part of a multi-modal transcription repression mechanism that regulates
WT1 target genes.

Several studies have demonstrated that prohibitin functions as a coregulator for many
transcription factors. Prohibitin suppresses E2F-mediated transcription by inducing the
recruitment of chromatin modifiers including HDAC1, N-CoR and BRG1/Brm. 17:19 |t is
also known that prohibitin dissociates coactivators such as p300 from AR-responsive
promoters to induce a repressive gene state. 26 It is not uncommon for transcriptional factors
to associate at promoters along with a variety of histone-modifying enzymes, chromatin
remodelers and other cofactors to repress transcription. Indeed BRG1 can associate with
various multi-protein complexes to elicit transcriptional activation or repression. 3> These
opposing effects are dependent upon promoter context and also the composition of the
complex. 333435 For instance, when BRG1 is found assembled in complexes with histone
deacetylases, it leads to transcriptional repression. 3° Thus, this differential makeup of
BRG1 found in complexes with corepressors such as prohibitin, BASP1 and histone
deacetylases might be required to switch WT1 from a gene activator to a repressor.
However, further work is needed to fully understand the architecture of the assembled
complexes. Indeed, based on our previous gel filtration data, we anticipate that further active
components of the BASP1 complex remain to be identified. 8

Repression of transcription by WT1-BASP1 requires the myristoylation of BASP1 and the
PIP2-dependent recruitment of HDAC1. 11 It has also been reported that prohibitin
associates with phospholipids 36 and our present study suggests that BASP1 and prohibitin
are required together for the recruitment of PIP2 and HDACL to the promoters of WT1
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target genes. We note that the myristoylation-defective BASP1 mutant derivative G2A is not
able to interact with PIP2, 11 and even though it is recruited to the promoter it does not
support the assembly of prohibitin or HDAC1. Thus, PIP2 appears to be critical for forming
protein-protein contacts between these factors. PIP2 associates with BASP1 11 and
prohibitin has a PHB domain, which a number of studies suggest has high affinity for

lipids. 38 Moreover, both histone deacetylases 3941 and ATP-dependent chromatin
remodeling activities 42 43 have been shown to require nuclear phospholipids for their
activity. Indeed, a recent study demonstrated that the interaction of HDAC3 with the SMRT
corepressor required the presence of inositol phosphates. 44 Furthermore, Schwabe and
coworkers also revealed that the activity of HDACL1 is regulated by interaction with inositol
phosphates. 4> Thus, it is tempting to speculate that several phospholipid molecules could be
recruited to gene promoters through independent components of the repression complex.
Indeed, a recent study reported that several components of the RNA polymerase |
transcription machinery interact with PIP2 to regulate transcription of rRNA genes. 46 Taken
together with previous work, our findings argue for an extensive role for nuclear
phospholipids in transcriptional regulation. Since prohibitin also regulates the transcriptional
activity of many transcription factors, it will be important to determine whether BASP1,
prohibitin and phospholipids cooperate in the regulation of other transcriptional regulators in
addition to WT1.

Our data demonstrate that the WT1-BASP1 complex requires prohibitin to transcriptionally
cooperate in diversion of the PMA-induced differentiation program of K562 cells to a
neuronal-like morphology. It is therefore possible that prohibitin might also be important to
regulate WT1’s function during development. Prohibitin has been shown to repress ER-
dependent transcription and a recent study reported that prohibitin is essential for Estrogen-
dependent mouse uterine development and adult function. 47 Furthermore, it has also been
demonstrated that prohibitin acts as a neural crest specifier in Xenopus development by
repressing the activity of the transcriptional factor E2F1. 20 Further work is needed to
determine if the WT1-BASP1-prohibitin complex plays a role in development. Moreover,
considering the proposed roles of BASP1 and prohibitin as tumor suppressors, it will be
important to study these factors in WT1-dependent cancers.

Materials and methods

Tissue culture, immunofluorescence and antibodies

U20S, MCF7 and HeLa cells were cultured in Dulbecco’s modified Eagle’s medium and
K562 cells were cultured in RPM1 medium. Stable K562 cell line derivatives were prepared
as described before. 10 Differentiation of K562 cells with PMA and scoring of cellular
arborization was performed as described previously. 19 U20S, K562 and MCF7 cells were
transfected with HiPerFect (Qiagen). For immunofluorescence, cells were grown in six-well
slides, fixed with 4% paraformaldehyde, permeabilized with 0.1% TritonX-100 and washed
with phosphate-buffered saline (PBS). Cells were incubated with primary antibodies for 1 h
and then washed with PBS. The cells were then incubated for 30 min with DyLight 488 goat
anti-mouse (1:100) and DyL.ight 546 goat anti-rabbit (1:100) antibodies in PBS and washed
with PBS. Nuclei were counterstained with Hoechst stain (1ug/ml) in PBS.
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The BASP1 antibodies used were described before. 8 Antibodies anti-WT1 (C-19), anti-
BRG1 (H-88) and anti-CBP (A-22) were from Santa Cruz Biotech. Antibodies anti B-tubulin
(ab6046), anti-HDAC1 (ab7028), anti-PIP2 (ab11039) and anti-prohibitin (ab28172) were
from Abcam.

MRNA analysis and Chromatin Immunoprecipitation

Total RNA was generated using the QIAGEN RNeasy kit, and cDNA was prepared using
the Bio-Rad cDNA synthesis kit. RNA expression primers used were; GAPDH, Forward, 5’-
ACAGTCAGCCGCATCTTCTT-3, Reverse, 5-ACGACCAAATCCGTTGACTC-3/;
AREG, Forward, 5-TGGATTGGACCTCAATGACA-3, Reverse, 5
ACTGTGGTCCCCAGAAAATG-3; Ets-1, Forward, 5'-
AAACTTGCTACCATCCCGTACGT-%, Reverse, 5
ATGGTGAGAGTCGGCTTGAGAT-3; VDR, Forward, 5’-
CTGACCCTGGAGACTTTGAC-3, Reverse, 5-TTCCTCTGCACTTCCTCAT-3’: c-myc
Forward 5-CCACGTCTCCACACATCAG-3 and Reverse, 5'-
TGGTGCATTTTCGGTTGTTG-3'. siRNA to human prohibitin were purchased from
Qiagen. siRNA to human BASP1, WT1 and control siRNA were purchased from Ambion.

ChIP assays were performed as described before.11: 48 ChIP primers used in this study were
AREG, Forward, 5-TTTAAGTTCCACTTCCTCTCA-3’, Reverse, 5'-
GGTGTGCGAACGTCTGTA-3’ Control, Forward, 5-CAGCTCAGTGCTGTTGGTGG-3,
Reverse, 5-ACCATCCAACCCTGGAGATC-3 and c-myc Forward, 5'-
TCAAACAGTACTGCTACGGA-3 Reverse 5-AGAGCCGCATGAATTAACTA-3.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. BASP1 associates with prohibitin in the nucleus
(A) Nuclear extracts from V-K562 (V) cells and BASP1-K562 (B) cells were used in

immunoprecipitation with anti-FLAG antibodies. The immunoprecipitates were
immunoblotted with anti-BASP1 antibodies. (B) FLAG immunoprecipitates from part A
were resolved by electrophoresis and the gel was stained with Sypro Ruby. BASP1 and
prohibitin were identified by MALDI-TOF mass spectrometry. (C) HelLa cell nuclear
extracts were subjected to immunoprecipitation with control 1gG or anti-prohibitin
antibodies and immunoblotted with anti-BASP1 antibodies. | is input. (D) Same as in part C
except that the immunoprecipitation was performed with anti-BASP1 antibodies and the
samples immunoblotted with anti-prohibitin antibodies. (E) MCF7 cells were used to
perform coimmunoflurescence with anti-rabbit BASP1 antibodies and anti-mouse prohibitin
antibodies and visualized with confocal microscopy. Hoechst was used to label the nucleus.
Immunofluorescence with control anti-rabbit (r) and anti-mouse (m) antibodies are shown in
the bottom row. (F) Same as in part (E) except that U20S cells were used.
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Figure 2. Prohibitin mediates BASP1-dependent transcriptional repression of WT1 target genes
V-K562 cells and BASP1-K562 cells were transfected with control siRNA or each of two

different siRNAs against prohibitin (prohibitin siRNA 1 and prohibitin siRNA 2). 48 hours
later cDNA was prepared. gPCR was performed to detect GAPDH, AREG, Ets-1 and BAX
MRNA. Error bars are obtained from SDM of three independent experiments; *p<0.05
obtained by Student’s t-test. Below, whole-cell extracts prepared in parallel after the
transfection were immunoblotted with anti-prohibitin or anti-tubulin antibodies.
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Figure 3. WT1-BASP1 dependent recruitment of Prohibitin to the promoters of WT1 target
genes

(A) Vector control K562 cells (V-K562) and BASP1-K562 cells were subjected to ChlIP
assay with control 1I9gG, WT1, BASP1 or prohibitin antibodies. The data at the AREG
promoter are presented as fold-enrichment relative to a control gene region. Error bars are
obtained from standard deviation from the mean (SDM) of three independent experiments;
*p<0.05 obtained by Student’s t-test. (B) U20S cells were transfected with control SiRNA,
BASP1 siRNA or WT1 siRNA and 48 hr later ChIP was performed with control IgG or anti-
prohibitin antibodies. The data are presented as fold enrichment at the AREG and c-myc

Oncogene. Author manuscript; available in PMC 2015 April 23.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Toska et al.

Page 16

promoters relative to a control gene region. Error bars are obtained from SDM of three
independent experiments; *p<0.05 obtained by Student’s t test. Whole cell extracts were
prepared parallel and immunoblotted with anti-prohibitin or anti-tubulin antibodies. (C)
U20S cells were transfected with a control siRNA, prohibitin siRNA, BASP1 siRNA or
WT1 siRNA. 48 hr later RNA and cDNA were prepared and gPCR was performed to
quantify GAPDH, AREG and c-myc mRNA. The data are presented relative to GAPDH
mRNA. Values are the mean for three independent experiments with SDM and asterisk is
student’s t test of p<0.05. Whole-cell extracts were prepared in parallel and blotted with
anti-prohibitin, anti-BASP1, anti-WT1 or anti-tubulin antibodies.
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Figure 4. Prohibitin and BASP1 recruit BRG1 to promoters of WT1 target genes
(A) 48hr after transfection with prohibitin sSiRNA or control siRNA, U20S cells were

subjected to ChIP analysis with control IgG, anti-BASP1 or anti-BRG1 antibodies. Data are
presented as fold enrichment of AREG and c-myc promoters relative to a control genome
region. Error bar values are SDM for three independent experiments; *p<0.05 by Student’s t
test. Immunoblotting with anti-prohibitin or anti-tubulin antibodies confirmed successful
depletion of prohibitin. (B) MCF7 cells were subjected to coimmunofluorescence with sheep
BASP1 antibodies and rabbit BRG1 antibodies. Hoechst was used to label the nucleus.
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Control anti-sheep (sh) and control anti-rabbit (r) are shown below. (C)
Immunoprecipitation with control IgG antibodies or BASP1 antibodies was performed in
HeL a cell nuclear extracts. The samples were then immunoblotted with BASP1 or BRG1
antibodies. I is input. (D) Immunoprecipitation with control 1gG antibodies or BRG1
antibodies was performed in HeLa cell nuclear extracts and the samples were
immunoblotted with either BRG1 or BASP1 antibodies. | is the input nuclear extract. (E)
U20S cells were transfected with control SiRNA or BASP1 siRNA and 48 hr later were
subjected to ChIP with control IgG antibodies or BRG1 antibodies. The results are presented
as fold enrichments at AREG and c-myc promoters relative to a control genome region.
Error bars are obtained from the SDM of three independent experiments (*p<0.05 by
Student’s t test). Immunoblotting with BASP1 antibodies or tubulin antibodies confirmed
successful depletion of BASP1. (F) Vector control K562 cells (V-K562) and BASP1-K562
cells were transfected with control sSiRNA or BRG1 siRNA and 48 hr later RNA and whole
cell extracts were obtained. Samples were immunoblotted with anti-BRG1 or anti-tubulin
antibodies to confirm depletion of BRG1. The expression of AREG, Ets-1 and VDR are
presented as relative to GAPDH mRNA. Error bars are the SDM of three independent
experiments and Student’s t test of p<0.05 was performed.
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Figure5. Prohibitin isrequired to recruit PIP2 and HDACL1 to the promoters of WT1 target

genes

(A) U20S cells were transfected with control siRNA, BASP1 siRNA or prohibitin siRNA.
48hr later the cells were subjected to ChIP assay with control IgG antibodies, PIP2
antibodies and HDAC1 antibodies. The results are presented as fold enrichment at AREG
and cmyc promoter relative to a control genome region. Error bars are presented as the SDM
of three independent experiments and *p<0.05 by Student’s t test. (B) Control V-K562 cells,
wild type BASP1-K562 cells and the mutant derivate G2A BASP1-K562 cells were
subjected to ChIP with control IgG antibodies, BASP1 antibodies and prohibitin antibodies
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at AREG promoter relative to a control genome region. Error bars are the SDM of three
independent experiments and *p<0.05 by Student’s t test. Lower panel; Nuclear extracts
from BASP1-K562 cells and BASP1 G2A-K562 cells were used in immunoprecipitation
with anti-prohibitin antibodies. The immunoprecipitates were immunoblotted with anti-
BASP1 antibodies. (C) U20S cells were transfected with BASP1 siRNA, prohibitin sSiRNA
or a control siRNA and 48 hr later the cells were subjected to ChIP with control IgG
antibodies and anti-CBP antibodies. The results are presents as fold enrichment at the AREG
and c-myc promoter regions compared to a control genome region. Error bars are SDM of
three independent experiments (*p<0.05 by Student’s t test). In parallel, whole-cell extracts
were immunoblotted with anti-BASP1, anti-prohibitin or anti-tubulin antibodies to confirm
knockdown of BASP1 or prohibitin.
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Figure 6. Prohibitin isrequired for the PM A-dependent differentiation of BASP1 K562 cells
(A) Vector control V-K562 cells and BASP1-K562 cells were transfected with control

siRNA or prohibitin siRNA and 48 hr later were treated with DMSO as a control or treated
with 100nM of PMA and then imaged 72hr later. Whole cell-extracts were prepared in
parallel and immunoblotted with anti-prohibitin or anti-tubulin antibodies to confirm
successful depletion of prohibitin in V-K562 cells and BASP1-K562 cells. (B) As in part A
except that quantification of the percentage of arborized cells was performed. Error bars
represent SDM of three independent experiments and *p<0.05 by Student’s t test. (C) As in
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part A except that RNA and cDNA were prepared. Expression of P2X5 and MAO were
analyzed by gPCR in comparison with GAPDH. Error bars are SDM of three independent
experiments (*p<0.05 by Student’s t test).
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