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Abstract. – OBJECTIVE:Wilms tumor gene 1
(WT1) has been identified as an independent
risk prognostic factor in acute leukemia. How-
ever, there exists a controversy that WT1 as a
marker for minimal residual disease (MRD)
monitoring in acute leukemias. We detected
WT1-RNA transcript level to estimate the diag-
nostic value of monitoring MRD in childhood
acute myeloid leukemia (AML) and acute lym-
phoblastic leukemia (ALL).

PATIENTS AND METHODS: WT1 mRNA ex-
pression levels were detected by real-time
quantitative reverse transcriptase PCR (qRT-
PCR) in bone marrow (BM) samples from 107
childhood ALL and 35 childhood AML at diag-
nosis. MRD was consecutively performed after
induction and consolidation (early intensifica-
tion in ALL) chemotherapy. Receiver operating
characteristics (ROC) analysis and the largest
areas under the curve (AUC) were applied to
define optimal threshold value of MRD level.
Sensitivity, specificity, positive likelihood ratio
(+LR) and negative likelihood ratio (-LR) were
used to evaluate diagnostic power for MRD. Re-
lapse free survival (RFS) was evaluated by the
Kaplan-Meier statistical method.

RESULTS: The largest areas under the curve
(AUC), specificity, +LR and –LR showed higher
accuracy in childhood AML than ALL. Com-
pared the diagnostic parameters, the post-in-
duction time wasn’t good enough to show the
better time than post-consolidation time for
MRD assessment in AML. The threshold was
set at 150 WT1 copies/104 ABL copies as the
optimal cut-off value of MRD level post induc-
tion in childhood AML. MRD+ (WT1>150) chil-
dren had increased the risk of relapse with
poor prognosis, showing lower RFS than MRD-
group (p=0.01). However, the threshold 70 WT1
copies/104 ABL copies post induction in child-
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hood ALL did not show clinical significance for
predicting prognosis (p=0.056).
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Introduction

Despite high remission rate after chemothera-
py, relapse always presents eventually in some
children with leukemia. So, it is necessary to
look for markers that could predict relapse. Mon-
itoring MRD is of clinical value in the
assessment of response to chemotherapy, predict-
ing relapse, and guiding therapeutic interven-
tion1-6. Some studies have shown that leukemia-
specific targets such as fusion gene and genetic
lesions proved to be useful markers in MRD
monitoring7-10. However, these markers are limit-
ed to about 40-60% patients with a normal kary-
otype or normal cytogenetics lacking suitable
specific fusion genes and molecular mutation for
MRD monitoring11-14. Thus, there are pressing
needs to develop alternative markers to detect
MRD for a greater proportion of patients.
WT1 was originally found in Wilms tumor as

tumor suppressor gene. WT1 gene is located on
chromosome 11p13 and encodes a zinc-finger
transcription factor as transcriptional activator or
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repressor, which regulates cells growth, differen-
tiation and apoptosis in different malignant dis-
eases15-17. Studies in the recent ten years have
shown that 70-80% of leukemia patients overex-
press the WT1 gene, and it is regarded as univer-
sal leukemia marker18-21. Although the
pathogenesis of WT1 in leukemia has not been
completely revealed, the phenomenon that low
expression of WT1 and high expression of WT1
are accompanied with clinical remission and
relapse respectively shows that WT1 may be a
potential prognostic factor, MRD marker and
therapeutic target in acute leukemia.
However, WT1 as a molecular marker for

MRD and prognostic factor remains controver-
sial. Some researchers regard the WT1 transcript
level as a reliable marker for MRD monitoring in
acute leukemia22-28, others argued that the WT1
transcript level was not suitable for MRD moni-
toring29-32.
We detected WT1-RNA transcript by RQ-PCR

after induction and consolidation (early
intensification in ALL) chemotherapy and used
ROC curve, the area under the curve and relapse-
free survival (RFS) to better predict prognosis
and response to chemotherapy.

Patients and Methods

One hundred and forty-two patients (107 ALL
and 35 AML) with de novo acute leukemia
children were randomly recruited for the research
on detecting WT1 transcript expression for MRD
monitoring at the department of Pediatric
Hematology of Sichuan Academy of Medical
Sciences & Sichuan Provincial People’s Hospital
in China from June 2005 to June 2014. Patients
were analyzed at two-time points for MRD moni-
toring: post-induction therapy and post-
consolidation therapy in AML and post-induction
therapy and post-early intensification therapy in
ALL. Major clinical characteristics of the pa-
tients are shown in Table I. The diagnosis and
classification were based on morphologic, im-
munophenotypic, cytogenetic, molecular biologic
criteria according to the revised French-Ameri-
can-British classification. The study was ap-
proved by the Ethical Committee, and informed
consent was obtained from all patients’ parents.

Treatment Regimens
The chemotherapy regimen was used

according to 04 Protocol (suggested by the
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Pediatric Hematology Group of Chinese Medical
Association in 2004)33,34 and other acute
lymphoblastic leukemia patients according to
CCLG (the Chinese Children’s Leukemia Group)
ALL 08 Protocol35.

Methods
Bone marrow (BM) was collected in sterile

tubes with EDTA anticoagulant. BM mononucle-
ated cells were separated by a Ficoll-Hypaque
densing gradient centrifugation. The total RNA
was extracted using Trizol Reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufac-
turer’s instruction within 24 hours after their col-
lection. And the concentration of the extracted
RNA was evaluated by spectrophotometry. The
cDNAs were synthesized using one µg of RNA,

Feature ALL AML

No. patients 107 35
Median age at diagnosis 5.3 (0.3-13.7) 5.9 (0.9-14.2)
(range)
Male 46 18
Female 61 17
Molecular biologic group
PML-RARa 5
AML1-ETO 11
Others 3
Normal 16
TEL-AML1 33
E2A-PBX1 10
BCR-ABL 7
MLL-AF4 8
Others 9
Normal 40
FAB classification
L1 85
L2 17
L3 5
M1 2
M2 21
M3 5
M4 3
M5 2
M6 1
M7 1
Blast lineage
B cell 96
T-cell 11
Risk group
Favorable 51 10
Intermediate 36 11
Poor 20 14
Induction 107 35
Consolidation/early intensify 102 31
Relapse 28 19

Table I. Children in AML and ALL characteristics.



Statistical Analysis
Results were analyzed by using SPSS18.0

software (SPSS Inc., Chicago, IL, USA). Statisti-
cal significance was set at p<0.05. Comparison
between two groups of WT1-RNA level was con-
ducted using the nonparametric Mann-Whitney
U test. Survival analyzes were performed by Ka-
plan-Meier survival curves and the log-rank test
for comparing the MRD positive and MRD nega-
tive groups. The ROC curve and the AUC were
used for comparing the diagnostic value of MRD
in two types of leukemia and the two-time points.
Sensitivity and specificity were also calculated
for diagnostic power. The diagnostic threshold
was defined as cut off the value of the largest
area under the curve.
Complete remission (CR) was defined as mor-

phologically normal marrow with <5% blasts, the
absence of extra medullary leukemia and recov-
ery of hematologic parameters. Partial remission
(PR) was characterized by the appearance of at
least 5% and less of 20% BM blast cells. Relapse
was considered when finding more than 5%
blasts in the bone marrow or reappearance of the
blasts in the peripheral blood or development of
extra medullary leukemia. Relapse-free survival
(RFS) was measured from the date of CR until
the date of relapse or death or last follow-up date
available.

Results

Thirty-five children with AML and 107 chil-
dren with ALL were followed up for MRD moni-
toring after induction. Four children with AML
and five with ALL gave up consolidation therapy
by themselves, so there were 19 children with
AML and 102 children with ALL left for consoli-
dation therapy. Patients’ characteristics were
shown in Table I. Nineteen children with AML
and 28 children with ALL relapse at the end of
follow-up time. The median follow-up time was
23 months (range 2-84) and 28 months (range 2-
96) for AML and ALL children respectively.

MRD monitoring and Parameter Analysis
Compared Between AML and
ALL Children
The median level of WT1-RNA in RQ-PCR at

diagnosis was 2091.2 WT1 copies/104 ABL
copies (range 25.2 to 35421.3), 652.3 (range
136.3 to 8947.4) after induction and 183.6 (range
2.3 to 4388.1) post-consolidation in childhood

according to the recommendations from Prime-
Script™ RT reagent kit (Takara, Otsu, Shiga,
Japan). Then, the cDNAs were stored at -80°C
for later processing.
Real time PCR was performed using 40 ng of

cDNA. Both WT1 and ABL TaqMan primer/probe
sets in Premix Ex Taq™ (Probe qPCR) kit
(Takara). ABL was used to normalize all reactions.
The following oligonucleotide primers and Taq-
man probe were used36-37: WT1 forward primer, 5’-
ACAGGGTACGAGAGCGATAACCA-3’ (exon 6,
nt position: 1205-1227, NM_024426), WT1 re-
verse primer: 5’-CACACGTCGCACATCCT-
GAAT-3’ (exon 6/7, nt position: 1289-1309,
nM_024426). WT1 fluorescent probe, 5’-6-FAM-
CAACGCCCATCCTCTGCG GAGCCCA-TAM-
RA-3’ (exon 6, nt position: 1230–1254,
NM_024426). ABL forward primer, 5’-TGGA-
GATAACACTCTAAGCATAACTAAAGGT-3’ (nt
position: 228–258, NM_005157); ABL reverse
primer: 5’-GATGTAGTTGCTTGGGACCCA-3’
(nt position: 331-351, NM_005157). ABL fluores-
cent probe, 5’-6-FAM -CCATTTTTG-
GTTTGGGCTTCACACCAT-TAMRA-3’ (nt po-
sition: 297-323, NM_005157).
Real-time PCR was performed with ABI

PRISM 7500 Fast real-time PCR system
(Applied Biosystems, Foster City, CA, USA)
with the following thermocycling conditions: 1
cycle of 95 °C for 30 s, followed by 40 cycles of
95 °C for 3 s and 60 °C for 30s.
The WT1 copy number and WT1 normalized

copy number were calculated according to the
standard curve method. Standard curves were
created using plasmid DNA calibrators – ABL
and WT1 plasmid calibrators prepared in the lab
(see below).
The total RNA contents were extracted from

the K562 cell line, and cDNAs were reverse tran-
scripted. WT1 were amplified by PCR kit. After
purification, PCR production was connected with
pMD 18-T Vector and transfected into Es-
cherichia coli DH-5a. Then, we cultured the pos-
itive clones, and the plasmids were extracted and
quantified using spectrophotometry.
The WT1 plasmid construct was serially

diluted ranging from 103 to 107 copies/µl for the
standard curve. ABL plasmid dilutions were
prepared in the same way. With WT1 and ABL
plasmid calibrators, the standard curve generated
a slope of -3.310 and -3.346, as the correlation
coefficient was ≥ 0.99.The results of WT1 ex-
pression are depicted as some WT1 copies/104

copies of the housekeeping gen e ABL.
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AML. The level of WT1-RNA after induction
and consolidation showed lower level than that of
diagnosis significantly (p<0.05) (Figure 1). The
ALL patients showed relatively lower level than
AML with 213.1 WT1 copies/104 ABL copies
(range 1.1 to 12992.8) at diagnosis, 189.2 (range
1.33 to 9563.8) after induction and 135.0 (range
0.9 to 16692.0) post-early intensification. Al-
though the level of WT1-RNA at CR time
showed lower level than that of diagnosis, this
did not reach significance from a statistical stand
point (p>0.05) (Figure 1).

ROC Curves Analyzes for MRD
Monitoring Compared Between AML
and ALL Children
ROC curve can predict good reliability and va-

lidity of relapse in patients with the largest AUC.
ROC curves analysis also determined the optimal
threshold (cutoff point) separating patients into
two groups with MRD positive and MRD
negative. The AUCs were compared in order to
find out which is the best diagnosis of the differ-
ent type leukemia and time points. The largest
AUC was 0.860 for post induction with cutoff
value 150.0 WT1 copies/104 ABL copies (Figure
2A) and AUC 0.807 for post-consolidation
(Figure 2B) with cutoff value 100.0 WT1
copies/104 ABL copies in AML patients, but the
different between these two parameters was not

significant (p>0.05). Similarly, the largest AUC
was 0.676 for post induction with cutoff value
70.0WT1 copies/104 ABL copies (Figure 3A)
and 0.659 for post-early intensification (Figure
3B) with cutoff value 50.0WT1 copies/ 104 ABL
copies in ALL patients, but the different between
these two parameters was not significant
(p>0.05). The threshold value indicated 95%
confidence intervals 0.738-0.983 and 0.656-
0.958, optimal sensitivity 86.4% and 68.4%,
specificity 76.9% and 83.3%, +LR 3.74 and 4.10,
-LR 0.18 and 0.38 for post induction and post-
consolidation in AML higher than 95% confi-
dence intervals 0.564-0.789 and 0.547-0.771, op-
timal sensitivity 89.7% and 92.9% specificity
35.9% and 36.5%, +LR 1.40 and 1.46, -LR 0.29
and 0.20 post induction and post-early intensifi-
cation in ALL respectively.
The AUC of post induction were higher than

the post-consolidation but showed no significant
in AML (p>0.05). Compared the AUC, specifici-
ty, +LR and –LR, the diagnostic value of WT1 in
MRD monitoring in childhood AML was more
efficient than ALL.

Relapse Free Survival Between AML
and ALL Children
We used the MRD level of 150.0 WT1

copies/104 ABL copies as a threshold to discrimi-
nate MRD– group from MRD+ group at the post-

Figure 1. Comparision of WT1-RNA transcript expression between ALL and AML at diagnostic, post induction and post-
consolidation time point. The median value corresponds to the black bold line. The box refers to the 25th and 75th percentile
range. Differences between different time point in childhood ALL were not significant (p>0.05), but significant in childhood
AML (p<0.05).
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induction time point in childhood AML. 63% of
the children were MRD+, and 37% patients were
MRD-. 72.73 % children in the MRD+ group

were relapse and had disease relapse at a median
time of 19 months (range 6 to 41). Whereas
23.08% children in the MRD- group relapse and

Figure 2. A, A ROC curve of WT1 mRNA monitoring MRD in AML children at the post induction time point with AUC
0.860 (95% confidence intervals 0.738 to 0.983). B, A ROC curve of WT1 mRNA monitoring MRD in AML children at the
post consolidation time point with AUC 0.807 (95% confidence intervals 0.656 to 0.958).

A B

Figure 3. A, A ROC curve of WT1 mRNA monitoring MRD in ALL children at the post induction time point with AUC
0.676 (95% confidence intervals 0.564 to 0.789). B, A ROC curve of WT1 mRNA monitoring MRD in ALL children at the
post-early intensification timepoint with AUC 0.659 (95% confidence intervals 0.547 to 0.771).

A B
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had, disease relapse at a median time of 40
months (range 12 to 84). Relapse free survival of
the two groups showed different significance
(p=0.01) (Figure 4A).

Patients with WT1 >70.0 copies were catego-
rized as MRD+ group, whereas those with WT1
≤70.0 copies were grouped as MRD- post-
induction chemotherapy in childhood ALL. A to-

Figure 4. A, RFS of AML children according to MRD levels (cut off as 150 WT1 copies/104 ABL copies) after induction
chemotherapy, who have positive MRD vs. negative MRD (p = 0.01). B, RFS of ALL children according to MRD levels (cut
off as 70 WT1 copies/104 ABL copies) after induction chemotherapy, who have positive MRD vs. negative MRD (p = 0.056).

A

B



tal of 27.1% of the children were MRD+, and
72.9% patients were MRD-. 82.8 % children in
the MRD+ group were relapse and had disease re-
lapse at a median time of 23.5 months (range 5 to
45). Whereas 5.1% children in the MRD- group
relapse and had disease relapse at a median time
of 18.5 months (range 13 to 27). Relapse free
survival of the two groups showed different sig-
nificance (p=0.056) (Figure 4B).

Discussion

MRD monitoring based on the specific marker
can help us predict relapse of leukemia and deter-
mine the best-individualized treatment. Also for
the antigen receptor rearrangements for im-
munoglobulins (Ig) or the T-cell receptors (TCR),
genetic lesions, and fusion genes, WT1 is another
potential target for MRD. The present methods
suitable for MRD detection are the polymerase
chain reaction and the flow cytometry. Real-time
quantitative PCR (RQ-PCR) has been introduced
over the last 10 years and this technology has
striking features of high sensitivity with reaching
10-6, which has enabled the detection of leukemic
cells far beyond the threshold of cytomorphology.
Numerous studies from various laboratories have
demonstrated the reliability and potential clinical
value for MRD study of RQ-PCR38-39.
The WT1 mRNA level is regarded as a useful

MRD parameter for predicting relapse of AML by
most researches22-27,40,41. However, a few re-
searchers claim that WT1 transcript level has not
been testified as a good enough MRD marker in
AML30,31. Similarly, the parameter is also inconsis-
tent in MRDmonitoring in childhoodALL27-29,32.
We are using a real-time quantitative RT-PCR

method for detecting WT1mRNA level to eluci-
date whether WT1 is a valuable marker for MRD
monitoring in childhood AML and ALL. Our
current data indicate that the WT1 mRNA levels
at diagnosis in childhood ALL were lower than
AML and showed a bit discrete. Some study
group also found the median copy number of
WT1 in ALL was lower than in AML25,28. Com-
pared diagnosis, WT1mRNA level tended to be
lower after induction and post-early intensifica-
tion. But it was not high enough to reach statisti-
cal significance in childhood ALL. However, it
showed that WT1 expression levels have signifi-
cant discrimination between the diagnostic and
remission time points in childhood AML. This
proved that WT1 might be as tumor promoting

factors in childhood acute myeloid leukemia and
likely to be a good marker for AML than ALL.
We applied ROC curve to MRD investigation

at two-time points including post induction, post-
consolidation (post-early intensification in child-
hood ALL). ROC curve is a comprehensive index
of sensitivity and specificity of continuous vari-
ables. The greater AUC is, the higher the accura-
cy of diagnosis gets. On the ROC curve, the co-
ordinate of the upper left corner of the curve is
close to the point of critical values with highest
sensitivity and specificity. The largest AUC
corresponding determined the threshold in our
study to the cutoff value. Compared AUC and
95% confidence intervals between AML and
ALL, WT1mRNA level was demonstrated more
useful for MRD monitoring in childhood AML
with larger AUC and better confidence level than
ALL. Rossi et al40 proved that WT1 was useful
for MRD monitoring in childhood AML by ROC
curve analysis using cutoff value 90 WT1
copies/104 ABL copies. This result is similar to
ours.
Our study also showed that larger AUC, higher

sensitivity post induction than post-consolidation
in childhood AML, but with similar confidence
intervals and smaller specificity at post
induction. So differences concerning these para-
meters of the two-time point group varied no sig-
nificantly. Therefore, it could not say that the
post-induction time is the time point better than
post-consolidation in our study. This result did
not get in common with that of Rossi et al40.
Maybe, it is related to the selected children pa-
tients different with the adult, besides the small
number of patients involved in the study.
As there is no consistent threshold and no uni-

form optimal time point of WT1 assessment to
guide clinical decisions at present. The threshold
of WT1 for MRD were various, such as the
cutoff value of WT1-RNA transcripts for MRD
defined as 250 copies/104 ABL copies in BM and
50 WT1 copies/104 ABL copies in PB in AML41,
90 WT1 copies/104 ABL copies as MRD cut off
value in AML40, and different time with different
cut-off value such as bone marrow WT1 levels
170.5 copies post induction and 10 copies post-
intensification42. This may be related to primers
and probes designed and conditions used in the
PCR reaction, and maybe to the different human
groups, especially different ways decision to the
cutoff value.
The cut-off values of our study was regarded

as threshold resulted from the largest AUC of
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ROC analysis. It divided patients into MRD posi-
tive and negative groups. Our data showed that
patients with MRD positive at post induction
time point had a worse RFS than negative group
(p=0.01) in childhood AML. We could predict
who will most likely relapse and take personal-
ized treatment to the patients by MRD monitor-
ing with detecting WT1 transcript expression in
childhood AML. This is consistent with early
other researches40,41,43.
However, it did not reach statistical signifi-

cance in ALL (p=0.056). So the cut off was not
valid to evaluate prognosis in childhood ALL.
Some studies also indicated that WT1 may be
limited value for monitoring MRD in childhood
ALL29,32,44. It may be relevant to part patients
with WT1 expression too lower to MRD moni-
toring or no stratification for patients or small
number of patients. We will expand the sample
size and make risk stratification or other stratifi-
cation research in the future. This further illus-
trated that WT1 mRNA level was more useful for
MRD monitoring in childhood AML than ALL.

Conclusions

We have shown that WT1 mRNA quantifica-
tion displayed a reliable and sensitive marker for
MRD monitoring to identify high-risk patients
with the residual disease most likely to relapse in
childhood AML. But, on the other hand, WT1
mRNA was showed an unsatisfied marker for
MRD monitoring in childhood ALL.
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