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Background: Wilms’ tumor (WT1) gene overexpression has been reported in the majority of acute myeloid
leukemia (AML) patients at diagnosis and has been evaluated as prognostic and minimal residual disease
(MRD) marker.
Patients and methods: WT1 overexpression was evaluated in 68 adult AML patients at diagnosis and at the
end of induction using quantitative real-time polymerase chain reaction (PCR).
Results: No significant associations were encountered between WT1 overexpression at diagnosis and other
prognostic factors. Complete remission (CR) was achieved in 74% of the patients with WT1 overexpresssion
compared to 80% of patients with normal levels (P= 0.5). No significant associations were encountered
between WT1 overexpression at diagnosis and disease-free survival (DFS) or overall survival (OS) (P= 0.6
and 0.3, respectively). At the end of induction, the median duration of DFS in patients achieving ≥2 log
reduction was not reached compared to only 5 months (range: 2.1–7.9 months) in those attaining <2 log
reduction (P= 0.2). The median duration of OS in patients achieving ≥2 log reduction was 13 months
(range: 0–33.3 months) compared to 7.5 months (5.4–9.6 months) in those attaining <2 log reduction (P=
0.2). The survival at 1 year in patients achieving ≥2 log was double the group with <2 log reduction (67%
compared to 33%).
Conclusion: Our results, although not reaching the level of significance, probably due to the small sample
size, still suggest that the early assessment of WT1 transcript level at the end of induction in patients in
CR may have a prognostic significance on clinical outcome and may thus be a useful marker for risk
stratification especially in patients lacking disease-specific marker.
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Introduction
Acute myeloid leukemia (AML) is the most common
acute leukemia in adults.1 The genetic abnormalities
associated with significant proportion of AML cases
provide unique markers that can be used for risk stra-
tification and minimal residual disease (MRD)
monitoring.
Wilms’ tumor 1 (WT1) gene is involved in normal

and malignant hematopoiesis.2 It encodes a transcrip-
tion factor important for normal cellular development
and cell survival.3 Its overexpression has been reported
in the majority of AML patients and has been evalu-
ated as prognostic and MRD marker.4–6

Studies investigating the clinical value of WT1 tran-
script detection at diagnosis produced conflicting
results. While few investigators draw a clear

correlation between WT1 overexpression at initial
diagnosis and poor prognosis,7,8 others could not
confirm these findings.6,9,10 However, WT1 antigen
elicits a cytotoxic T lymphocyte activity and is
gaining increasing attention as a therapeutic target
molecule due to its common expression in acute leuke-
mias and its involvement in cell proliferation.11

Among AML patients who attain complete remis-
sion (CR), only about one-third of these patients
remain free of disease for more than 5 years.12

Detection and monitoring of MRD is an important
prognostic factor in acute leukemia, quantification of
MRD after induction represents a powerful predictor
of disease-free survival (DFS) and overall survival
(OS)13,14 and may provide the basis for risk stratifica-
tion and patient-tailored therapy. In cases lacking a
leukemia-specific MRD marker, quantification of
gene overexpression could provide a precise measure-
ment of disease response.15 WT1 gene overexpression
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has been investigated in MRD detection in AML
patients, data suggest that early reduction in WT1
transcript after induction chemotherapy may give an
indication of the quality of response.5,16–20

The aim of our study is to evaluate the WT1 gene
expression as a potential prognostic marker in AML
patients at diagnosis and its implication as a marker
for MRD at the end of induction chemotherapy.

Patients and methods
Sixty-eight newly diagnosed adult AML patients who
presented to the Medical Oncology Department of the
National Cancer Institute, Cairo University were
included in this study. Written consent was obtained
from the patients and the protocol was approved by
the Institution Research Board. The diagnosis of
AML was established according to the morphological
and cytochemical criteria of the French-American-
British classification and immunophenotyping.
The expression level of WT1 was determined in

bone marrow samples of patients at diagnosis and 10
normal controls using real-time quantitative polymer-
ase chain reaction (PCR).
The frequency of WT1 overexpression and its corre-

lation with known prognostic factors was determined.
At the end of induction (day 28), the impact of WT1
transcript reduction in patients who attained CR on
clinical outcome was analyzed. Bone marrow
samples from healthy donors were used as control to
define the normal range of WT1 expression in
healthy subjects.
Patients received induction with 3 and 7 regimen

combing daunorubicin 45 mg/m2 intravenous days
1–3 and cytosine arabinoside100 mg/m2 by continu-
ous infusion from days 1–7 as an induction regimen.
Evaluation of response was carried out at the end of
induction. Postremission therapy was risk stratified
with additional four cycles of high-dose cytosine arabi-
noside with mitoxantrone (HAM regimen). Last
follow-up was the date of referral to transplantation
for transplanted patients.
Bone marrow samples were collected in sterile

EDTA tubes. Mononuclear cells were obtained using
Ficoll-Hypaque density centrifugation. RNAwas iso-
lated using QIAamp RNA Blood Mini kit (Qiagen,
Hilden, Germany) according to the manufacturer’s
instructions. The synthesis of cDNA from 1 μg of
RNA was performed in 20 μl reaction using random
hexamer according to the manufacturer’s instructions
using high capacity cDNA synthesis kit (Applied
Biosystems, Foster City, CA, USA).
Quantitative estimation of WT1 was performed by

real-time quantitative PCR using the Light Cycler
Instrumenmt (Roche, Germany). WT1 copy number
was measured using TaqMan universal PCR Master
Mix provided by Roche. Standards for ABL and

WT1, primers and probes were provided by WT1
ProfileQuant Kit (ENL) (Ipsogen, Marseille,
France). The fluorescent probe was labelled with
reporter dye at 5′ end and with quencher dye at 3′

end. Standard curves were calculated for ABL using
three dilutions of ABL plasmid (105, 104, and 103

copies in 5 μl) and for WT1 using five dilutions of
WT1 plasmid (106, 105, 103, 102, and 101 copies in
5 μl).

TaqMan universal PCR Master Mix was used
according to the manufacturer’s instructions.
Reactions (20 μl each) were prepared using 4 μl
5× LightCycler TaqMan Master Mix, 0.8 μl 25×
Ipsogen primers and probes and 5 μl of cDNA
(sample, standard, or control). The volume was
adjusted to 20 μl using nuclease-free water. The reac-
tion protocol proceeded as follows: 95°C for 10
minutes to activate the Taq DNA polymerase, fol-
lowed by 95°C for 10 seconds, 60°C for 1 minute,
steps 2 and 3 were repeated for 45 cycles, followed
by 45°C for 1 minute. Fluorescence was measured
using F1 channel. Results were calculated using
LightCycler software. WT1 transcript values were nor-
malized with respect to the number of ABL transcript
and expressed as WT1 copy number every 104 copies
of ABL.

Results
WT1 expression at diagnosis
The frequency of WT1 overexpression at diagnosis and
its correlation with other prognostic factors and clini-
cal outcome were evaluated in a cohort of 68 newly
diagnosed AML patients. The median age was 31
years (range 18–76). Male-to-female ratio was 1:1.3.
The median expression level of WT1 transcript
in AML patients was 16.650 (range 0–630.730)
copies/104 ABL copies compared to a median of 24
copies/104 ABL copies (0–130) copies/104 ABL
copies in normal controls. AWT1 level at least twice
the maximum assessed in healthy controls (260
copies/104 ABL copies) was defined as WT1 overex-
pression. Similarly, values above 250 copies/104

ABL copies were considered as WT1 overexpression
by ELN (European LeukemiaNet) WT1 assay.19 The
WT1 transcript was overexpressed in 51/68 (75%) of
patients. Patient characteristics according to WT1
expression are mentioned in Table 1. No significant
associations were encountered between WT1 over
expression and prognostic factors including age, total
leukocyte count, Blast% (Table 1). FAB classification
showed no significant difference in WT1 expression
in combined FAB subtypes compared to M4 and
M5 (P= 1.0). Karyotype analysis was available for
15 patients at diagnosis with the following frequency:
t(8;21) in three, t(15;17) in five, inv16 in one, and six
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patients had normal karyotype; the number was low to
draw a statistical analysis.
To investigate the relationship between WT1

expression and clinical outcome, we studied response
to chemotherapy and found the CR in 45/59 (76%)
of evaluable patients; 29/39(74%) of patients with
WT1 overexpression compared to 16/20 (80%) of
patients with normal levels (P= 0.5) (Table 2).
During follow-up period, no significant differences

were encountered in WT1 transcript level at diagnosis
between patients who persisted in CR and those who
relapsed. However, the median duration of DFS was
shorter in patients overexpressing the gene compared
to the other group (7.5 versus 11.5 months), (P=
0.6). Regarding OS, the median survival in patients
overexpressing the gene was less than half the other
group (7.5 versus 17 months), yet the difference was
not statistically significant, P= 0.3. The survival at
1 year was 45% in the group overexpressing the gene
compared to 66% in the other group.

WT1 expression at the end of induction
Assessment of MRD at the end of induction was per-
formed using 2 log reduction according to the study
conducted by the European Leukemia Net (ELN).19

The impact of WT1 transcript reduction at the end
of induction was evaluated in 18 patients in CR in
whom the initial level of the transcript at diagnosis
was sufficiently high to allow the follow-up using
2 log reduction. The median duration of DFS in
patients attaining ≥2 log reduction was not reached
whereas it was only 5 months (range: 2.1–7.9 m) in

patients with <2 log reduction (P= 0.2) (Fig. 1). The
median duration of OS in patients attaining ≥2 log
reduction after induction was 13 months (range:
0–33.3) compared to 7.5 months (range: 5.4–9.6) in
patients with <2 log reduction. Although the median
duration was longer in the first group compared to
the other (13 versus 7.5 months), yet the difference
was not significant (P= 0.26) (Fig. 2). Patients achiev-
ing≥2 log reduction had 1 year probability of survival
double the other group (67 compared to 33%)
(Table 2).

Table 1 Characteristics of AML patients according to WT1 expression

WT1 overexpression (N= 51) No WT1 overexpression (N= 17) P value

Age* (year) 28.5 (18–76) 30 (21–59) 0.4
TLC (×109/L) 34.8 (2.7–242.0) 24.0 (2.3–183.0) 0.5
Blast (%) 60 (2–93) 54 (20–95) 0.4
FAB subtypes (M4,5) 75% 76.5% 1.0
Haemoglobin (g/dl) 7.2 (3–14) 7 (4.7–9.3) 0.4
Platelets (×109/L) 36.0 (3.0–160.0) 24.0 (9.0–180.0) 0.2

*Median (range).

Figure 1 DFS in relation to ≥2 log reduction at the end of
induction (P= 0.23).

Figure 2 OS in relation to ≥2 log reduction at the end of
induction (P= 0.26).

Table 2 Clinical outcome of AML patients according to WT1
expression

WT1
overexpression

No WT1
overexpression

P
value

CR rate (%) 29/39 (74%) 16/20 (80%) 0.5
1-year

survival (%)
44.1 65.5

(After
induction)

NA

<2log
reduction

33.3%

≥2log
reduction

66.7%

NA: not applicable.
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Discussion
AML is the most common acute leukemia in adults.
WT1 overexpression in a significant proportion of
AML cases provides unique marker that could be
used for risk stratification and to monitor MRD in
the majority of patients.
In the present study, the expression levels of WT1

were evaluated in a cohort of AML patients at diagno-
sis and in follow-up samples at the end of induction.
WT1 levels were correlated to the clinical outcome
of the disease. In our cohort, the WT1 transcript was
overexpressed in 75% of AML patients at diagnosis.
WT1 is reported to be overexpressed in approximately
70–90% of AML patients.4,5,21 No significant associ-
ations were encountered between WT1 overexpression
at diagnosis and other prognostic factors including
age, total leukocyte count, and Blast percentage.
This was in accordance with the previous studies
who could not find an association between the gene
overexpression and prognostic factors.6,9,10,17,22 FAB
classification showed no statistical difference in WT1
expression in combined FAB subgroups compared to
M4 and M5 in accordance with some studies.5,6,16,23

On the contrary, Weisser et al.17 and others4,7,12,21,24

found significant lower level in M5 subtype being
more differentiated compared to more undifferentiated
subtypes.
No observed significant difference in CR in patients

overexpressing the gene compared to those without
overexpression. This was similar to findings of
Schmid et al.,9 Barragan et al.8 and Cilloni et al.,6

who reported no difference in WT1 transcript at diag-
nosis in patients resistance compared to responders to
chemotherapy.
Our study reported no association between WT1

overexpression and clinical outcome. The prognostic
impact of WT1 level at diagnosis on clinical
outcome is controversial, while some studies could
not find a significant association between over-
expression of the gene and DFS and
OS,5,6,9,10,12,17,19,20,24,25 other data reported worse
outcome with WT1 overexpression.4,7,8,16,22,26,27

However, WT1 is gaining increasing attention as a
therapeutic target molecule due to its common
expression in acute leukemias and its involvement in
cell proliferation.11 It possesses immunogenetic prop-
erties and has been successfully tested as a target for
antileukemic vaccine.28,29

Relapse remains one of the greater challenges in
treating AML. Evaluation of MRD is important to
assess quality of response after induction therapy.15

Early identification of patients in CR at high risk of
relapse after induction therapy allows modification
of post-remission therapy including intensification of
chemotherapy or stem cell transplantation. However,

more than 50% of patients with AML lack a known
chromosomal abnormality or genetic lesions suitable
for MRD determination. The frequent overexpression
of WI1 gene in AML makes it a good candidate for
MRD quantification. Our MRD study was based on
early assessment of reduction in the transcript level
after induction treatment in patients attaining CR.
Although in our cohort patients achieving ≥2 log
reduction in the transcript at the end of induction
had longer DFS, OS and a probability of survival at
1 year double the group achieving <2 log reduction,
yet the difference was not statistically significant prob-
ably because of the small number of patients.

This strongly support the data of Ostergaard et al.,5

who found that <2 log reduction in WT1 levels after
induction therapy was associated with higher risk of
relapse. Similarly, Cilloni et al.19 reported reduced
risk of relapse with ≥2 log reduction after the first
cycle of chemotherapy. This also goes with Garg
et al.,16 who found that a level lower than 103 copies
WT1/105 ABL copies after the induction was associ-
ated with favorable prognosis and correlated with sig-
nificant better DFS and OS, also Ommen et al.18

reported that WT1 level above normal after first remis-
sion was an independent prognostic factor regard-
ing both DFS and OS. This was in line with
Nowakowska-Kopera et al.20 who reported an
inverse correlation between high WT1 expression
level after the induction chemotherapy and survival,
and Gianfaldoni et al.,30 who reported an association
between early decrease of WT1 transcript level and
better outcome. Also in pediatrics, Lapillonne
et al.24 found that WT1 evaluation after the first
course of induction treatment represents the ideal
tool to identify acute leukemia patients at high risk
of relapse. On the other hand, Schmid et al.9 and
Gaiger et al.10 failed to show correlation between
WT1 level post-remission and clinical outcome while
Weisser et al.17 did not report prognostic significance
of WT1 level 2 months post-induction.

Serial monitoring of WT1 transcript level is helpful,
especially in patients with lowWT1 expression at diag-
nosis not allowing follow-up using 2 log reduction.
Rising levels of WT1 usually precedes clinical relapse
in a significant proportion of patients.5,6,16,20

Although our results are not reaching the level of
significance, which is probably due to the small
sample size, it still suggests that early assessment of
the WT1 transcript level at the end of induction in
patients who attained CR may have prognostic signifi-
cance on clinical outcome and may thus be a
useful marker for risk stratification especially in
patients lacking disease-specific marker. However, its
applicability must be evaluated in a larger cohort of
patients.
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