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Background: Aberrant expression of prosurvival and anti-
apoptotic proteins plays an essential role in myeloid leukemia
cell survival and mediates resistance to chemotherapy. The
Wilms’ tumor 1 (WT1) protein is a transcription factor that has
been reported to be over-expressed in acute myeloid
leukemia (AML). Over-expression of WT1 has been
associated with relapse and shortened disease-free survival
in AML patients. Heat shock protein (Hsp90) is a molecular
chaperone involved in maintaining the stability and function of
many key proteins which are deregulated in cancers. This
work was aimed at elucidating the role of Hsp90 in the
regulation of WT1 expression in myeloid leukemia.

Methods: The WT1-Hsp90 interaction was analyzed by co-
immunoprecipitation, confocal microscopy and glutathione S-
transferase (GST)-pull down assays. The effect of Hsp90
inhibition on WT1 protein expression was determined by
Western blotting. The role of WT1 in the growth and survival
of leukemia cells was demonstrated in vitro by short-hairpin
RNA (shRNA shRNA shRNA shRNA)-mediated silencing of
WT1, and confirmed in vivo in xenograft tumor models by
treatment with Hsp90 inhibitors.

Results: Here we report that WT1 is a client protein of
Hsp90. WT1 was observed to co-localize with Hsp90 in the
nuclei of K562 leukemia cells and endogenous WT1 was co-
immunoprecipitated  with an  anti-Hsp90  antibody.
Pharmacological inhibition of Hsp90 by the second-
generation Hsp90 inhibitor, STA-9090 (a novel resorcinol-
containing compound) reduced the expression of WT1
protein in a dose- dependent manner in myeloid leukemia cell
lines. Consistent with this, WT1 downregulation by Hsp90
inhibition also resulted in reduced expression of the WT1
target protein c-Myc. STA-9090 more potently inhibited WT1
protein expression than the first-generation Hsp90 inhibitor,
\17-allylamino-17- demethoxygeldanamycin (17-AAG). WT1
down-regulation by STA-9090 was also observed in primary
myeloid leukemia blasts isolated from AML patients. Hsp90
inhibition resulted in ubiquitination and subsequent
proteasome-dependant degradation of WT1. Furthermore,
silencing of WT1 with shRNA potentiated apoptosis by
chemotherapeutic agents and further sensitized leukemia
cells to Hsp90 inhibitors. Inhibition of Hsp90 blocked in vivo
tumor growth in a xenograft tumor study using leukemia cells
expressing WT1. Consistent with our observations in vitro,
STA-9090 displayed significantly greater anti-tumor activity in
vivo than 17-AAG.

Conclusions: ConcConc Conc Conclusions:lusions: lusions:
lusions: WT1 is a substrate for Hsp90 and this WT1-Hsp90
interaction is crucial for leukemia blast survival. As there is
no established therapy that durably inhibits WT1 oncogenic
functions, targeting WT1 expression by Hsp90 inhibitors like
STA-9090 may offer new strategies to limit the survival
promoting effects of WT1 in myeloid leukemias.
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Figure 1. Binding of Hsp90 and WT1 in vitro: A) The GST and
GST-WT1 fusion proteins were expressed in E. colf (BL21 DE3)
strain, immobilized on glutathione-sepharose beads and purity of
proteins was analyzed on Coomassie blue-stained SDS-PAGE gel.
B) GST or GST-WT1 bound to sepharose beads was incubated with
in vitro translated (IVT) 3S-labeled Hsp90, and after washing,
bound proteins were separated by SDS-PAGE and visualized by

autoradiography.

Hsp90 associates with WT1 in vivo
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Figure 2. A) WT1 and Hsp30 interact in vivo: Equal amounts of K562
protein extracts were immunoprecipitated (IP) wm 1gG or anti-Hspo0
antibody and Were d by g {IB)
with anti-WT1 or HspQO antibody. B) Subcellular colocalization of WT1
and Hsp80: KG1 were stained with DAP| (blue, nuclear stain), WT1 (red) or
HspaQ (green), and imaged by confocal microscopy (Bio-Rad MRCE00
imaging system/Zeiss Axiovert microscope).
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ABSTRACT RESULTS

Hsp30 Inhibition Downregulated WT1 Expression
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Figure 4. Pharmacologic inhibition of Hsp30 with 17AAG and STA-3030
leads to downregulation of WT1 protein and downstream Bcl-2 and c-Myc:
A) K562 cells were ireated with the indicated concentrations of 17-AAG for 24h.
B) K562 cells treated with STA-8090. C) Mv 4-11 cells treated with STA-9080.
D) Primary myeloid leukemia blasts from three AML patients (PS#1-3) were
isolated and treated with STA-9090 for 24h. Equal amounis of protein were
analyzed for WT1, HspB0, c-Myc, and B-actin expression by Western blat

Hsp80 inhibition blocks Mv 4-11 xenograft tumor growth in vivo
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Figure 7. Hsp30 inhibitors blocked the growth of WT1 expressing
Mv 4-11 xenograft in vivo : 17-AAG and STA-0090 treatment at their
respective highest non-severely toxic doses (HNSTDs) significantly
inhibited tumor grewth in the Mv 4-11 xenograft models. Intravenous
dosing was conducted on Stimes

per week schedule (arrowheads)
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Figure 5, 17-AAG Induces of WT1
Protein: A) K562 cels were treated with 17-AAG (10uM) alone, lactacystin
{10uM) alone or in combination for 24h. Prolein exiracts were subjected to
western blot analysis using anti-WT1 and anti-B-actin. B) K562 celis were
freated as above and proleins extracts were immunoprecipitated with anti-
WT1 and analyzed by Western biotting with anti-ubiquitin {upper panel) and
anli-WT1 (lower paned)
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Figure 3. of WT i g with Hsp80 by | with nan-specific (NS) and WT1 shRNA plasmids. Affer 48h, siensing of WTT profein and ihe

GST-pull down assay: Bactenally expressed GST -Hsp80

inant protein was i bilized to g pharose
beads and incubated wﬂh in vitro tmnslated and ¥5-methionine
labeled full length and deletion mutants WT1. Bound proteins
were separated by SDS-PAGE and visualized by autoradiography. |

| downsiream WT1-reguisted proteins Bel-2 and o-Mye wene analyzed by Westem bicitng. B)
| K552 stably expressing NS of WTT ShiRNA were plated in iniplicate in semisclid Methooull mediim

and colony (rowih was. scored after 10 days. Data represent mears - SDs of tiplicates

| ("p0.00S). ©) KSE2 cells wene transfected with NS of WT1shRNA as above. ARer 45N the cels
| were ieft unireated of treated with eloposice. ApopLOSs was Bssessed after an acdbonal 24n by

| annexin-\ staining and flow Cytameiry. Data represent means - SDs of two independent

| experiments. (*p< 0.05). (D) K562 cells were translected with N5 or WT1shRNA as above and

| were left untrested of treated wih 17-AAG (SEM) for 48n
| Data represent means of + 50s of iriplcates (“p< 0.05).
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WT1 downregulation by Hsp90 inhibition in Xenograft tumors
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Figure 8. Hsp30 inhibitors reduced the WT1 expression in xenograft
tumors: Mv 4-11 tumor-bearing animals were given single doses of vehicle,
STA-5090 and 17-AAG and after 8h tumars were removed for Western blat
analysis using anti-WT1, anti-Bel-2, anti-c-Mye and anti-B-actin.

SUMMARY

m  Hsp90 interacts with WT1 in leukemia cells and
stabilizes WT1 expression.

m Pharmacologic inhibition of Hsp90 function leads
to downregulation of WT1 protein.

m 17-AAG induces ubiquitination and proteasome-
mediated WT1 protein degradation.

inhibitors  17AAG and STA-9090
significantly reduced the growth of myeloid
leukemia xenografts in vivo and effectively
downregulated the expression of WT1 and its
downstream target proteins c-Myc and Bcl-2 in
xenograft tumors.
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