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wilms tumor is a pediatric malig-
nancy of the kidneys and is one 

of the most common solid childhood 
cancers. the wilms tumor 1 protein 
(wt1) is a transcription factor that can 
either activate or repress genes involved 
in growth, apoptosis and differentiation. 
it is frequently mutated or aberrantly 
expressed in wilms tumor, where the 
wild-type protein would normally act as 
a tumor suppressor. several studies, how-
ever, have found that wild-type wt1 
acts as an oncogene in adult tumors, pri-
marily through the inhibition of apop-
tosis. the expression of wt1 correlates 
with the aggressiveness of several adult 
cancers, and its continued expression fol-
lowing treatment is indicative of a poor 
outcome.

we recently found that the treat-
ment of tumor cell lines with cytotoxic 
drugs leads to the cleavage of wt1 by 
the serine protease htra2. htra2 binds 
to a specific region of wt1, the sup-
pression domain, and then cleaves wt1 
at multiple sites. the htra2-mediated 
proteolysis of wt1 leads to its removal 
from gene promoter regions and changes 
in gene expression. cleavage of wt1 by 
htra2 enhances apoptosis. this event is 
advantageous to the treatment of adult 
tumors where wt1 acts as an onco-
gene. however, when wt1 is acting as 
a tumor suppressor in pediatric malig-
nancies, proteolysis by htra2 would be 
antagonistic to therapy.

Introduction

Wilms tumor is a pediatric malignancy of 
the kidneys that affects 1 in 10,000 chil-
dren.1-3 The tumor arises from abnormal 

htra2, taming the oncogenic activities of wt1

Jörg Hartkamp1 and Stefan G.E. Roberts2,*
1Faculty of Life Sciences; The Michael Smith Building; University of Manchester; Manchester, UK; 2Department of Biological Sciences; University at Buffalo; 

Buffalo, NY USA

development of the kidneys that leads to 
increased proliferation of the metanephric 
mesenchyme instead of differentiation to 
form the tubules and filtration system of 
the nephron. The Wilms tumor 1 pro-
tein WT1 was identified on the basis of 
its mutation in approximately 15% of 
Wilms tumors. Additional genes that have 
been implicated in Wilms tumor include 
b-catenin4 and WTX.5

The average age of diagnosis of 
Wilms tumor is five years and the vast 
majority of cases involve only one kid-
ney. Most Wilms tumors are sporadic 
rather than arising from germline 
mutations.1 Treatment is by a combina-
tion of surgery and chemotherapy, but 
radiotherapy is also used in particularly 
aggressive cases. Like other pediatric 
cancers, Wilms tumor has seen a sig-
nificant increase in survival rate over 
the last thirty years. Tumors that are 
detected early have almost 90% survival 
rates, but those detected at a later stage 
are significantly lower. Furthermore, due 
to the toxic effects of treatment, the risk 
of secondary malignant neoplasms is 
high. In the treatment of children this 
can potentially have a significant affect 
on lifespan. The design of better-tar-
geted therapies towards Wilms tumor 
would significantly reduce the secondary 
effects, and furthermore could provide 
a less traumatic treatment regime for 
children.

Although only 15% of Wilms tumors 
contain mutations in WT1, WT1 is over-
expressed or shows an imbalance in iso-
forms in some Wilms tumors.1,6 Wild-type 
WT1 is also highly expressed in a signifi-
cant proportion of other tumors includ-
ing leukemia, lung cancer, melanoma 
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and location of the HtrA2 cleavage sites in 
WT1, for example by mass spectrometric 
analysis of the WT1 proteolytic products 
that are generated in vitro. This will reveal 
if any of the proteolytic fragments could 
potentially retain biological activity. It will 
also be interesting to determine if there are 
any cancer-relevant mutations within the 
proteolytic cleavage sites of WT1.

Antiapoptotic Functions of WT1

Several reports have revealed an antiapop-
totic function for WT1, which is consis-
tent with its role as an oncogene in some 
tumors.12,16-19 How WT1 elicits its onco-
genic effects is not clear, and is likely to 
show cell-type specificity. Several genes 
that regulate apoptosis have been reported 
as WT1 targets including Bak, Bcl2, 
Bcl2A1, c-myc and JunB.16,20-26 WT1 null 
mice display increased apoptosis of the 
metanephirc mesenchyme, which leads 
to the absence of kidney development.27 
In addition, treatment of embryonic kid-
ney explants with WT1 siRNA causes 
the metanephric mesenchyme to undergo 
apoptosis.28

The +17 amino acid form of WT1, 
in particular, has been linked with anti-
apoptotic activity (see fig. 2). The ecto-
pic expression of WT1 +17AA can confer 
resistance to apoptosis in cells treated with 
apoptosis inducing agents.16,17 Moreover, 
treatment of cells with siRNA that spe-
cifically target the WT1 +17AA isoforms 

The Destruction of WT1 by HtrA2

We recently reported that cytotoxic drug-
treatment of cells derived from tumors 
that express WT1 results in the proteolysis 
of WT1 by HtrA2,14,15 (fig. 1). This leads 
to the removal of WT1 from the promot-
ers of the c-myc and JunB genes and loss 
of transcriptional repression. The altered 
regulation of WT1 target genes enhances 
apoptosis. We found that WT1 acts in 
an antiapoptotic manner and antago-
nizes the effects of cytotoxic drugs. We 
demonstrated that the downregulation of 
WT1 by siRNA significantly enhances the 
effects of cytotoxic drugs in promoting 
apoptosis. Our results suggest that WT1 
is a critical barrier to apoptosis in cancer 
cells and epitomize the oncogenic actions 
of WT1.

HtrA2 was identified as a WT1 inter-
action partner in a yeast two-hybrid 
screen, using the suppression domain 
(amino acids 71–101) as bait (see fig. 2). 
We found that HtrA2 cleaves WT1 at 
at least three sites. Based on the sizes of 
the WT1 fragments that are generated, 
and the reported cleavage site preference 
of HtrA2, the three potential cleavage 
sites are L94, V286 and L320 (fig. 2). 
However, the proteolytic fragments were 
highly unstable in vivo and it is likely that 
other sites are also cleaved. In addition, the 
specific location of the three observed sites 
was not determined precisely. It will be 
important to directly analyze the number 

and breast cancer.6-9 Moreover, in many 
cases, the expression of WT1 correlates 
with the aggressiveness of the cancer and 
its continued expression following treat-
ment indicates a poor outcome. The role 
of WT1 in leukemia has attracted consid-
erable attention over the last few years.6,10 
74% of acute myeloid leukemia (AML) 
and 66% of acute lymphoblastic leukemia 
(ALL) samples show high levels of wild-
type WT1 expression. Moreover, AML 
and ALL patients with elevated WT1 have 
a poor prognosis and significantly reduced 
5-year survival rates. Mutations of the 
WT1 gene are frequently present in many 
pediatric and adult cancers.1,6

Taken together, several studies of a 
diverse range of adult tumors suggest 
that WT1 is likely to play a direct role 
in tumor formation and/or maintenance. 
Indeed, clinical trials using WT1 peptide 
vaccines have shown effects in reducing 
adult leukemia cell counts and also pro-
moting shrinkage of solid tumors.6,9,11-13 
Thus, WT1 is a significant target for ther-
apy in both pediatric and adult tumors. 
However, because WT1 can act as both 
a tumor suppressor and an oncogene, 
effective therapies will need to enhance 
WT1 activity in the former and ablate 
it in the latter. Moreover, it is critical to 
gain an understanding of how existing 
cancer therapies affect cellular WT1, as 
this will have significant implications for 
the potential success of the treatment in 
tumors that are WT1-dependent.

Figure 1. Cytotoxic drugs stimulate the processing of wt1 by Htra2. Htra2 (H) is present in the mitochondria and nucleus. Upon exposure to apoptotic 
agents, Htra2 cleaves wt1 (w), resulting in its loss from gene promoters, with concomitant changes in the expression of these genes. those genes 
that were subject to repression or activation by wt1 would be upregulated and downregulated respectively. the Htra2-dependent proteolysis of wt1 
acts to drive apoptosis.
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that also binds to HtrA2.34,35 BASP1 is 
temporally and spatially coexpressed with 
WT1 at many sites during development.34 
Interestingly, BASP1 has been found to 
be silenced by gene promoter methylation 
in hepatocellular carcinoma’s and leuke-
mia.36-38 BASP1 can also inhibit cell trans-
formation by the oncogene v-myc.39 The 
emerging tumor suppressor activities of 
BASP1 suggest that it is unlikely to inhibit 
the proteolysis of WT1, which could 
potentially be oncogenic. Alternatively, 
BASP1 might augment binding of HtrA2 
to WT1 and enhance its cleavage.

Hsp70 also interacts with the 
N-terminus of WT1 within a region 
that contains the suppression domain40  
(fig. 2). Although this study did not 
report an effect of Hsp70 on the tran-
scriptional regulatory activity of WT1, a 
role for Hsp70 in regulating WT1 activ-
ity under apoptotic conditions remains 
to be tested. Indeed, Hsp70 has known 
antiapoptotic activities and it will there-
fore be interesting to determine if Hsp70 
regulates the HtrA2-mediated proteolysis 
of WT1.41

It is not obligatory that the same 
domain should be targeted in WT1 to 
elicit an effect on cleavage by HtrA2. For 
example, the conformation of WT1 could 
potentially be modified by protein-protein 

HtrA2 on WT1 target genes in multiple 
cell types. Analysis of U2OS cells, mouse 
embryonic fibroblasts and other cells lines 
revealed that WT1 generally acts as an 
antiapoptotic factor. Taken together with 
the several previous analyses mentioned 
above, it is evident that WT1 selectively 
regulates different genes in different cell 
types in different directions (activation or 
repression; see fig. 1). It is clear that the 
mechanism of cell type specificity elicited 
by WT1 in transcriptional regulation will 
require further studies. Analysis of the cell 
type-and context-specific expression of 
WT1 transcriptional cofactors will help 
in this regard. Moreover, recent genome-
wide studies have uncovered a significant 
number of WT1 target genes that await 
further analysis.30,31

WT1 Interaction Partners

WT1 has been reported to interact with a 
variety of other proteins.32 Indeed, WT1 is 
present in large complexes in cells.26,33 It is 
therefore likely that the HtrA2-mediated 
proteolysis of WT1 can be regulated by 
its association with other factors. It will 
be particularly interesting to determine 
if BASP1 can modulate the cleavage of 
WT1 by HtrA2. BASP1 binds to the sup-
pression domain of WT1, the same region 

results in the induction of apoptosis.18,22 
A recent study noted that the predomi-
nant WT1 isoforms expressed in AML are 
those containing +17AA and that the lev-
els of these isoforms were higher in relapse 
samples than in diagnostic samples.29 This 
indicates that WT1 isoforms containing 
+17AA may be involved in the pathogen-
esis of relapse.

The resistance to apoptosis associ-
ated with WT1 +17AA correlates with 
increased Bcl-2 expression, and high lev-
els of Bcl-2 have been reported in sporadic 
Wilms tumors that express elevated wild-
type WT1 +17AA.16 Stable expression of 
WT1 +17AA in cells treated with apoptotic 
stimuli also results in the downregulation 
of Bak and protection of cells from apopto-
sis.12 Thus, the activation or repression of 
Bcl2 or Bak transcription by WT1 is both 
cell-type and WT1-isoform specific.

In our recent study of U2OS osteo-
sarcoma cells, we found that WT1 was 
a repressor of the c-myc and JunB genes. 
The degradation of WT1 resulted in the 
removal of WT1 from its binding sites 
upstream of the c-myc and JunB promot-
ers and their transcriptional upregulation. 
As stated above, WT1 shows cell context 
dependent effects on transcriptional regu-
lation and therefore it will be important to 
analyze the effects of WT1 degradation by 

Figure 2. Functional motifs and interactions of wt1. a linear schematic of wt1 is shown with numbering indicating amino acids. Zn is zinc finger, a is 
the activation domain, r is the repression domain, SD is the suppression domain. the alternative splice sites (17aa and KtS) are indicated. the Htra2 
cleavage sites, the self-association, nuclear export and nucleic acid-binding domains are indicated below and post-translational modifications (sumoy-
lation and phosphorylation) are shown above. the binding sites in wt1 for BaSP1, Htra2, Hsp70, Par-4 and p53 are indicated.
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mitochondrial targeting sequence, 
 followed by a transmembrane segment, 
an inhibitor of apoptosis (IAP)-binding 
motif (IBM), the catalytic domain, and 
a C-terminal PDZ interaction domain. 
HtrA2/Omi is expressed as a pro-enzyme 
and is targeted to the mitochondrial inter 
membrane space (IMS) where it is attached 
to the inner mitochondrial membrane50,51 
and undergoes proteolytic maturation. 
Though HtrA2/Omi mainly localizes to 
the IMS, a fraction of endogenous HtrA2/
Omi resides in the nucleus.14,51-54

Mice with a targeted deletion of the 
HtrA2/Omi gene display reduced body 
weight, a significant reduction in the size 
of organs such as heart, thymus and spleen 
and progressive loss of neurons in the stri-
atum of the basal ganglia. This results in 
a progressive neurodegenerative disorder 
with a parkinsonian phenotype that leads 
to death of the mice around 30 days after 
birth.55 An almost identical phenotype was 
earlier reported in Mnd2 (motor neuron 
degeneration 2) mice, which are homozy-
gous for a spontaneous occurring HtrA2 
Ser276Cys mutation that greatly reduces 
its catalytic activity,56 hence confirming 
the importance of the catalytic domain 
for the maintenance of healthy mitochon-
dria. Though a link between mitochon-
drial dysfunction and neurodegenerative 
disorders is well established, the underly-
ing mechanisms are poorly understood.57 
It has been speculated that HtrA2/Omi 
fulfils its protective role in neuronal cells 
by functioning as a mitochondrial chap-
erone, similar to its homolog DegP in the 
periplasmic space in bacteria.49 In agree-
ment with this, loss of HtrA2/Omi has 
been shown to result in the accumulation 
of unfolded proteins in the mitochon-
dria and transcriptional upregulation of 
nuclear genes including the transcription 
factor CHOP in the brain, which contrib-
utes to neuronal cell death.58

Although the phenotype of mice with 
loss of HtrA2/Omi activity shows no 
resistance to apoptosis, earlier studies have 
clearly demonstrated that HtrA2/Omi 
has pro-apoptotic functions. Apoptotic 
stimuli induce HtrA2/Omi translocation 
from the mitochondria into the cytosol 
where it contributes to apoptosis through 
caspase dependent and independent 
mechanisms.49 Cytosolic HtrA2/Omi 

WT1 Isoforms and  
Post-Translational Modifications

Our recent report found that the four 
major isoforms of WT1 (variant in +17AA 
and KTS) are all cleaved by HtrA2. Two 
forms of WT1 that lack the N-terminal 
suppression domain, but contain the tran-
scriptional activation domain, remain to 
be tested. One form arises from internal 
translation and lacks the first 126 amino 
acids of the major forms of WT1.45 The 
second form, AWT1, is produced from 
an alternative promoter and lacks the 
N-terminal 125 amino acids, but con-
tains an extra four amino acids at the 
N-terminus that are not present in the 
major forms of WT1.46 The AWT1 pro-
moter is paternally imprinted, which is 
frequently lost in some Wilms tumors, 
leading to an increase in the expres-
sion of AWT1. Because these two forms 
of WT1 do not contain the suppression 
domain, they lack the major HtrA2 bind-
ing site that we identified. It will therefore 
be interesting to determine the effects of 
HtrA2 on these isoforms of WT1. If they 
escape regulation by HtrA2, it is possible 
that they are particularly oncogenic when 
compared to the more common isoforms.

Ubiquitin-conjugating enzyme 9 
(UBC9) has been shown to interact with 
the N-terminus of WT1, which is likely 
related to WT1 sumoylation47,48 (see fig. 
2). WT1 is sumoylated at two sites, K73 
and K177, the former of which lies within 
the HtrA2-binding site. This raises the 
possibility that sumoylation of WT1 might 
regulate cleavage by HtrA2. Previous 
studies failed to determine a function for 
WT1 sumoylation.48 However, these stud-
ies were not performed under apoptotic 
conditions, which are required for the 
activation of HtrA2. It will therefore be 
interesting to determine if the sumoyla-
tion of WT1 plays a role in its proteolysis 
by HtrA2 and if this affects the antiapop-
totic activity of WT1.

Functions of HtrA2

The serine protease HtrA2/Omi is homol-
ogous to the bacterial high-temperature 
requirement (HtrA) stress responsive 
genes, DegP and DegS.49 It encodes a 
trypsin-like protease with an N-terminal 

interactions and this could affect the way 
in which WT1 is presented to HtrA2. 
Another possibility is that specific cleav-
age sites in WT1 could be protected by 
interaction partners. The WT1 zinc finger 
region contains at least one HtrA2 cleav-
age site, and is also a major site of inter-
action with other factors.32 For example, 
WT1 has been shown to interact with the 
tumor suppressor p53, an association that 
requires zinc fingers 1 and 2 of WT1.42 
WT1 enhances p53-dependent tran-
scriptional activation by stabilizing p53, 
resulting in an increase in its half-life, and 
enhancing the binding of p53 to its con-
sensus sequence. As the zinc finger region 
of WT1 is a site of HtrA2 proteolysis, 
this raises the possibility that p53-bound 
WT1 might regulate WT1 proteolysis by 
HtrA2.

Prostate apoptosis response-4 (Par-4) 
engages in interaction with two distinct 
domains in WT1, one of which we showed 
to be WT1 splice isoform-specific17,43 (fig. 
2). Through these interactions, Par-4 can 
act as either a coactivator or corepressor 
of WT1. Par-4 is rapidly induced at the 
translation level by proapoptotic stimuli 
and interacts with WT1. It is likely that 
Par-4 modifies the regulation of WT1 tar-
get genes that are involved in apoptosis, 
and indeed, the Bcl2 promoter shows both 
WT1 and Par-4 occupancy.44 As men-
tioned above, the WT1 +17AA form of 
WT1 in particular has been demonstrated 
to be antiapoptotic and is over-represented 
in several tumor types. The association of 
Par-4 with the WT1 +17AA region sug-
gests that Par-4 may play a role in the 
oncogenic activities of WT1. Our recent 
study found that the +17AA form of WT1 
is cleaved by HtrA2, but it remains to be 
tested if Par-4 can regulate this event.

There are several other WT1 interac-
tion partners of WT1,32 but those men-
tioned above have established roles in 
apoptosis and are thus likely modulators 
of WT1-mediated proteolysis by HtrA2. 
Considering the cell-context action of 
WT1 in transcriptional regulation, it 
will be important to gain a better under-
standing of the dynamic between WT1 
and its cofactors. For example, regulation 
through cell type specificity of the WT1 
cofactors, subcellular localization or post-
translational modification.
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the known WT1 interaction partners can 
fulfil this function.

Therapeutic Implications  
of HtrA2-Mediated Proteolysis  

of WT1

As mentioned above, WT1 acts as a tumor 
suppressor in Wilms tumors and in some 
childhood leukemia’s, but in adult tumors 
acts as an oncogene. Our finding that 
chemotherapeutic agents can induce the 
proteolysis of WT1 by HtrA2 leads to 
two very important questions regarding 
the current therapies for WT1-dependent 
cancers. Firstly, if WT1 is acting as a 
tumor suppressor, then treatments that 
induce HtrA2 activity toward WT1 will 
potentially be detrimental. Secondly, in 
adult tumors, the effectiveness of chemo-
therapeutic agents to induce the HtrA2-
dependent cleavage of WT1 will likely 
contribute to the success of treatment. It 
will therefore be important to gain a better 
understanding of the dynamics by which 
different types of chemotherapeutic agents 
induce WT1 proteolysis by HtrA2. Such 
studies may lead to a more informed selec-
tion of the appropriate chemotherapeutic 
regime for WT1 dependent cancers.

Furthermore, mutations in WT1 occur 
in approximately 10% of AML patients at 

for the high levels of WT1 in tumor cells. 
Our experiments using HtrA2 siRNAs 
in U2OS and H1299 cells suggested that 
WT1 is continually susceptible to HtrA2 
under “resting conditions”. Even so, treat-
ment of cells with cytotoxic drugs dramat-
ically enhances WT1 cleavage by HtrA2. 
Further experiments will be required 
to determine if either, nuclear HtrA2 is 
activated, cytoplasmic HtrA2 enters the 
nucleus or nucleocytoplasmic shuttling of 
WT1 leads to cytoplasmic degradation of 
WT1 and its titration from the nucleus. 
Whichever mechanism is at play, a bet-
ter understanding of HtrA2 activity and 
regulation is required, particularly of the 
nuclear pool. Related to this point, it is 
notable that the amino acid sequence 
preference of HtrA2 does not show high 
selectivity.62 Nevertheless, HtrA2 shows 
very high specificity in the substrates that 
it cleaves. A large proteome-wide screen 
identified only 15 substrates among over 
1,000 proteins,63 and in addition 14 oth-
ers have been independently identified 
and verified in vivo (see table 1). It is pos-
sible that HtrA2 binding proteins might 
regulate its activity and substrate specific-
ity, perhaps mediated by the HtrA2 PDZ 
region. It will therefore be interesting to 
identify potential modulators of WT1 
processing by HtrA2 or indeed if any of 

facilitates caspase activation by degrading 
their  natural inhibitors (IAP), and this 
mechanism was shown to be evolutionary 
conserved in Drosophila.59

A Nuclear Function for HtrA2

As stated above, a pool of HtrA2 is located 
in the nucleus. Interestingly the tumor 
suppressor WARTS has been shown to 
be degraded by HtrA2 primarily through 
direct interaction in the nucleus.53 
Moreover, Marabese and coworkers were 
recently able to demonstrate that after 
apoptotic stimuli HtrA2 accumulates in 
the nucleus and cleaves the transcription 
factor p73α.54 Similar to our observation 
with WT1, they also observed accumula-
tion of endogenous p73 in HtrA2 knock-
out mouse embryo fibroblasts confirming 
that loss of HtrA2 activity leads to accu-
mulation of target proteins in the nucleus. 
In summary these data strongly support a 
nuclear function for HtrA2.

WT1 has been shown to shuttle 
between the cytoplasm and nucleus 
and contains both nuclear localiza-
tion sequences and a region required for 
nuclear export.3 It is not clear if the HtrA2 
mediated cleavage of WT1 occurs exclu-
sively within the nucleus or cytoplasm. 
Following the cleavage of WT1 by HtrA2, 
the C-terminal fragments that contain the 
NLS’ are primarily located in the nucleus, 
while the N-terminal fragments are located 
in the cytoplasm.14 Thus, we were unable 
to conclude if the HtrA2-mediated pro-
teolysis of WT1 is restricted to a specific 
cellular compartment. Because HtrA2 
is present throughout the cell, we favour 
the scenario that WT1 is targeted in both 
compartments. However, it will be impor-
tant to shed more light on this, especially 
as WT1 has been found in the polysomes 
and perhaps plays a role in mRNA func-
tion in the cytoplasm.60

The regulation of HtrA2 by other 
signalling pathways is not well studied. 
However, the serine/threonine kinases 
Akt1 and Akt2 have recently been shown 
to phosphorylate HtrA2 and attenuate its 
serine protease activity and pro-apoptotic 
function.61 It remains to be seen whether 
the nuclear HtrA2 pool can be inactivated 
by Akt and whether this HtrA2 phos-
phorylation event is primarily responsible 

Table 1. List of Htra2 substrates, with proposed cellular compartment in which cleavage occurs 
and potential function of substrate cleavage

Protein Compartment Function

Htra253,65,66 Mitochondria, Nucleus auto processing

aPP67 Mitochondria increased turnover of aPP

xiap, ciaP1, 
ciaP268,69 Cytosol

Overcome iaP mediated caspase  
inhibition

Ped/Pea-1570 Cytosol antagonize Ped/Pea-15  anti-apoptotic functions

wartS53 Nucleus inhibit G1/S progression

Hax-171 Mitochondria
antagonize Hax-1 anti-apoptotic  

functions

p73α54 Nucleus Modulate p73a apoptic properties

wt114 Nucleus, Cytosol antagonize wt1 anti-apoptotic functions

riP172 Cytosol antagonize riP1 anti-apoptotic functions

annexin a273 Cytosol antagonize annexin a2  anti-apoptotic functions

Parkin74 Cytosol Disrupts Parkin dependent  ubiquitination

thap575 Nucleus antagonize thap5 anti-apoptotic functions

tubulin α, tubulin b, actin, eF-1α, tiF-1b, eiF-4G1, HaDH2, vimentin, Kiaa1967, Kiaa0251.*,63

Cleavage of substrates in the main list have been demonstrated in living cells. Protein targets 
marked with *have only been confirmed in vitro.
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diagnosis, cluster mainly to exons 7 and 
9, and are associated with a higher rate of 
chemo-resistant leukemia, conferring to 
a negative prognostic outcome.64 It will 
be important to analyse the functional 
properties of the mutated WT1 proteins 
in cancer and determine if they are resis-
tant to HtrA2-mediated proteolysis and 
thereby confer chemoresistance.

Conclusions

Accumulating evidence has demonstrated 
that WT1 plays a role in several adult 
malignancies and that, unlike in some 
pediatric cancers, WT1 can act as an onco-
gene. The finding that HtrA2 can degrade 
WT1 opens up new therapeutic possibili-
ties for the treatment of adult tumors. In 
addition, these findings suggest that the 
treatment of pediatric tumors, in which 
WT1 acts as a tumor suppressor might 
be optimized to reduce potential harm-
ful effects resulting from HtrA2 mediated 
proteolysis of WT1.
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