Ann Hematol (2012) 91:1855-1860
DOI 10.1007/s00277-012-1546-7

ORIGINAL ARTICLE

Analysis of mutational status, SNP rs16754, and expression
levels of Wilms tumor 1 (WTI) gene in acute

promyelocytic leukemia

Girish Chander Gaur - Safaa M. Ramadan - Laura Cicconi -
Nélida 1. Noguera - Irene Luna - Esperanza Such -

Serena Lavorgna - Jonny Di Giandomenico -

Miguel A. Sanz - Francesco Lo-Coco

Received: 12 June 2012 / Accepted: 28 July 2012 /Published online: 16 August 2012

© Springer-Verlag 2012

Abstract Overexpression, polymorphisms, and mutations
of the WTI gene have been reported in several human
tumors including acute myeloid leukemia (AML) and vari-
ably correlated with prognosis. Acute promyelocytic leuke-
mia (APL) represents the AML subset disclosing higher
WTI expression levels; however, no WT1 studies specifical-
ly focused on APL have been conducted. We screened for
the presence of mutations, SNP rs16754, and expression
levels of WTI gene in 103 adult patients with newly diag-
nosed APL. Fms-like tyrosine kinase (FLT3) mutations
were analyzed as well. WT1 mutations were identified in
four (4 %) patients. At least one copy of the minor SNP
1516754 allele (WTI*C or WT19Y) was detected in 30
(29 %) patients. Six patients (6 %) were homozygous for
the minor allele (W719“) and this genotype was associated
with higher WT1 mRNA copies (p=0.018). FLT3 mutations

G. C. Gaur - S. M. Ramadan - L. Cicconi - S. Lavorgna -

J. Di Giandomenico * F. Lo-Coco (D<)

Department of Biopathology, University of Rome “Tor Vergata”,
Via Montpellier 1,

00133 Rome, Italy

e-mail: francesco.lo.coco@uniroma?2.it

G. C. Gaur - L. Cicconi * N. I. Noguera - S. Lavorgna *

J. Di Giandomenico - F. Lo-Coco

Laboratorio di Neuro-Oncoematologia, Fondazione Santa Lucia,
00143 Rome, Italy

S. M. Ramadan

Department of Medical Oncology,

National Cancer Institute—Cairo University,
Cairo, Egypt

I. Luna * E. Such - M. A. Sanz
Department of Hematology, Hospital Universitario La Fe,
46009 Valencia, Spain

were found in 37 % of patients and correlated with high
WTI mRNA expression (p=0.004). Patients heterozygous
or homozygous for the minor allele and patients homozy-
gous for major (WTI**) allele did not differ in terms of
presenting features. In adult APL, W7/ gene mutational and
polymorphic profile shows similarities with pediatric AML

rather than with adult AML.
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Introduction

The Wilms tumor 1 (WTI) gene encodes a zinc-finger
transcription factor which has emerged as an important
regulator of normal and malignant hematopoiesis. W71 is
primarily expressed in the cells of developing genitourinary,
central nervous, and hematopoietic systems [1, 2]. WT1 was
originally described as a tumor suppressor gene based on its
structural and functional loss in patients with WAGR syn-
drome characterized by Wilms tumor, aniridia, genitouri-
nary malformations, and mental retardation [3, 4].
However, accumulating evidence also points to an oncogen-
ic role for this transcription factor. WT1 is highly expressed
in a variety of tumors [5—7] including acute myeloid leuke-
mia (AML) [8, 9]. In addition, its expression is inversely
associated with the degree of cell differentiation [10, 11].
Consequently, WT] is currently considered as a potential
target for immunotherapy in both leukemias and solid
tumors.

Over the last decade, several studies have documented in
AML increased expression levels of WT1 transcript [12—14],
mutations in the coding regions of WTI exons 7 and 9
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[15-17], and more recently specific allelic variation (SNP
rs16754) [18-20]. Among distinct French-American-British
(FAB) AML subsets, AML-MS is associated with a signif-
icantly lower WTI expression [21] whereas AML-M3 is
characterized by the highest WTI expression levels [13].
Interestingly, a progressive rise in W71 mRNA expression
levels has been described in chronic myelogenous leukemia
(CML) [8] and myelodysplastic syndromes (MDS) [22]
during disease progression. Yet, conflicting data are current-
ly available on the prognostic impact of these alterations in
AML. Two recent studies observed a correlation between
high WTl mRNA expression and improved outcome in
acute myeloid leukemia [17, 23].

On the other hand, mutations in the coding region of
the WTI gene are detected in approximately 10 % of
adults with cytogenetic normal AML [CN-AML,; 10, 15, 24].
While two studies showed an association between WTI
mutation and poor overall survival (OS), disease free
survival (DFS) [17, 24] and higher risk of relapse
[16, 17], two more recent studies [10, 19] reported lack
of WTI mutational status impact on prognosis. Almost
all WT1 mutations in AML cluster in exons 7 and 9.
The N-terminal region of exon 7 harbors two mutational
hotspot regions located between nucleotide 1285 and
1360 [17] where more than 90 % of the exon 7 muta-
tions are clustered.

The mutational hotspot located in exon 7 also harbors the
WTI SNP rs16754. This is a synonymous SNP consisting of
a substitution of the nucleotide adenine with guanine at
nucleotide position 1293 and is present in a homozygous
(WTI** or WT19Y) or heterozygous state (WT1°).

Four main studies investigated the prognostic impact of
SNP rs16754 in adult and pediatric AML. Damm et al. [18]
identified the combined homozygous and the heterozygous
WTI SNP rs16754 as an independent favorable prognostic
marker in adult CN-AML. Subsequently, the Cancer and
Leukemia Group B (CALGB) [25] reported that the homo-
zygous form WT19Y is significantly associated with better
DFS and OS. In pediatric AML, Ho et al. [20] observed a
better outcome in favorable-risk AML harboring SNP
rs16754. On the other hand, Hollink et al. [19] could not
identify a prognostic relevance of SNP rs16754 in pediatric
AML.

Fms-like tyrosine kinase (FLT3) is a type III receptor
tyrosine kinase with important roles in the survival and
proliferation of hematopoietic stem cell. Mutations in
FLT3 gene occur in 45 % of APL patients [26]. Both
internal tandem duplication (ITD) of the juxtamembrane
domain and point mutation D835 of the kinase domain
(TKD) constitutively activate FLT3. FLT3-ITD mutation is
specifically found in AML and is associated with high levels
of WTI transcripts and inferior outcome in both pediatric
and adult AML [27, 28].

@ Springer

To date, no studies have investigated in detail WT1
gene variations in APL. Therefore, in addition to WTI
expression level analysis, we carried out a comprehen-
sive study of WT/ mutations and polymorphisms in 103
newly diagnosed APL patients. Finally, we explored the
association between mutations, polymorphisms, and
WTI expression level.

Design and methods
Patient samples

Bone marrow samples from newly diagnosed adult APL
patients were collected at diagnosis. Of the 103 patients
included in the study, 77 patient samples were collected at
Policlinico Tor Vergata, Rome and 26 patient samples were
collected from La Fé Hospital, Valencia, Spain. Patients
were selected as consecutive cases for which both RNA
and DNA were available. APL diagnosis was confirmed in
all cases at the genetic level by RT-PCR detection of the
PML-RARA fusion gene. In all patients included in the
study, infiltration of bone marrow by leukemic blasts was
>70 %. Written informed consent for the study was obtained
from all patients and the study was approved by the IRBs of
both participating institutions.

Mutation analysis and SNP rs16754

Genomic DNA was extracted from 103 diagnostic bone
marrow samples using Nucleospin blood kit (Macherey-Nagel
GmbH & Co., Germany). Polymerase chain amplification of
WTI exons 7 and 9 was performed on genomic DNA by using
two primer pairs. The primers used for exon 7 were W71 ex7
forward: 5-CTCCAGTGCTCACTCTCCCTC-3" and WTI
ex7 reverse: 5'- CCTTAGCAGTGTGAGAGCCTG-3' while
exon 9 primers were those reported by Gaidzik et al. [15].
SNP rs16754 and WTI mutations were confirmed by direct
sequencing of the amplified and purified PCR product. Direct
sequencing was carried out by using the Big Dye Terminator
V3.1 cycle sequencing reaction (Applied Biosystems, Foster
City, CA) and the reaction was analyzed on an ABI 3130
Genetic analyzer (Applied Biosystems, USA). Abnormal se-
quencing results were confirmed by at least two repeated
sequencing analysis.

Molecular analysis of FLT3 ITD and TKD

Molecular analysis of FLT3 internal tandem duplication
(ITD) in the juxtamembrane and D835 point mutation in
the tyrosine kinase domain (TKD) were performed in avail-
able samples from 94 patients as described in Noguera et al.
[26].
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RNA extraction and cDNA synthesis

Total RNA was extracted from leukemic blasts using Trizol
(Life technologies, Invitrogen, USA). Reverse transcription
was performed on 1 pg total RNA as per standard protocol
(Applied Biosystems, Foster City, CA). PML-RARA iso-
forms were amplified as reported by RT-PCR based method
[29].

Expression analysis of W71 mRNA

Real-time quantitative polymerase chain reaction (RQ-PCR)
assay was performed using patient cDNAs (available for 97
cases) on a 7900 real-time PCR system (Applied Biosys-
tems) using the WT! ProfileQuant Kit as described in the
manufacturer’s instructions (Ipsogen, Marseille, France).
For analysis of samples and controls, those with detectable
WTI copy numbers were expressed per 10* ABL copies
according to EAC criteria [30].

Statistical methods

Chi square test was used to compare the categorical varia-
bles between the groups. However, Fisher’s exact test was
used wherever chi square test was not appropriate. For W71
expression analysis, the APL samples were divided into
different groups accordingly. To compare continuous varia-
bles according to different groups, nonparametric Mann—
Whitney U test (comparing two groups) and Kruskal-Wallis
test (comparing >2 groups) were used. Results with p values
less than 0.05 were considered statistically significant. All
statistical analysis was conducted using SPSS 16.

Results
WTI copy number and patient presenting features

The distribution of WTI copy number was similar among
patients classified as low/intermediate (n=81) or high risk
(n=17) according to Sanz criteria [31]. The median expres-
sion of WTI copy number in relation to the breakpoint
cluster region in the PML gene was also comparable among
patients with BCR1 (n=48), BCR2 (n=6) and BCR3 (n=41;
data not shown).

Mutational screening of WT1

WTI1 mutations were identified in 4 (4 %) out of the 103
newly diagnosed APL patients (Table 1). All four mutations
were heterozygous. The three mutations located in exon 7
were frameshift mutations and resulted in a premature stop
codon at the protein level. The fourth mutation located in

Table 1 Types of WT1 mutation identified in four APL patients

UPN  Mutation Exon  Protein effect

No.

12 1581C>A 9 Missense mutation (H397R)
16 1317-1324 del 7bp 7 Frameshift, premature stop
23 1295-1296 ins T 7 Frameshift, premature stop
79 1314-1319 ins 5bp 7 Frameshift, premature stop

Mutations are reported according to Accession No. NM 024426

exon 9 was a missense mutation which resulted in replace-
ment of a histidine residue at codon 397 by an arginine.

Analysis of SNP rs16754

The minor allele of the synonymous SNP rs16754 (WT129/5%)
was found in 30 (29 %) of the analyzed patients of whom 6
(20 %) were homozygous (WT1°). All the four patients who
had WTI mutations were homozygous for major allele
(WTI™). There was no significant difference in median age,
WBC and platelet counts at presentation or PML/RARA fusion
isoform between patients with and without SNP rs16754. Fi-
nally, analysis of SNP rs16754 according to ethnicity showed
that all five analyzable patients of Asian descent included in the
study were homozygous or heterozygous for the SNP 1516754
wT ]AG/GG). Therefore, at variance with the remaining 99
patients of Caucasian origin, there was a prevalence of the G
allele in the population of Asian ethnicity (data not shown).

FLT3 mutational status

Out of 94 cases evaluated for FLT3, 35 patients (37 %) had
mutations. Of these, 25 patients carried an ITD, 9 cases a
TKD, and one patient had concomitant FL73 ITD and TKD
mutations.

Table 2 Expression of WTI in relation to SNP rs16754 and WTI
mutations

Expression of WT'1 (n=97) WTI median expression” (range)

Overall (97)
SNP rs16754

29590 copies (239.51-265694.88)

AA (70) 27920 copies (1119.89-265694.88)
AG (22) 19119 copies (239.52-141458.14)
AG+GG (27) 31490 copies (239.51-163659.56)
GG (5) 78880 copies (37475.64-163659.56)*

WT1 mutation
WTI1 wild type (93)
Mutations (4)

31487 copies (239.51-265694.86)
12750 copies (3389.84-59285.41)

*p=0.018
aNumber of copies WT1/10* ABL
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Table 3 Expression of W71 in relation to FLT3 mutation

FLT3 mutation WTI copy number” median(range)

FLT3 wild type 16760 copies (239.51-265694.86)
FLT3 (ITD or TKD) 59290 copies* (2331.55-221827.86)
FLT3 (ITD) 69850 copies (2331.55-221827.86)
FLT3 (TKD) 57910 copies** (14190.51-163659.56)

*p=0.004; **p=0.019
Number of copies WT1/10* ABL

Correlation between WT1 mutations, FLT3 mutations, SNP
rs16754, and WT1 expression levels

FLT3 ITD and TKD mutations were detected at comparable
frequencies in patients with and without W77 SNP rs16754.
WTI median copy number was significantly higher in
patients with (WT19) than in patients heterozygous for
the minor allele (WT71*) or homozygous for major allele
(WTI*™). However, this difference disappeared combining
patients homozygous and heterozygous for minor allele and
comparing them with patients homozygous for major allele.
We also observed a relatively lower median WTI copy
number in the group of patients with W71 mutations com-
pared to patients with wild-type WT1 but the difference was
not statistically significant (Table 2). Finally, we observed a
significantly lower median copy number of WT! transcript
in patients with wild type FLT3 as compared to those
harboring FLT3 mutations (p=0.004, Table 3).

As concerning correlation with outcome, we were unable
to carry out the analysis on the whole series due to hetero-
geneity of treatment context. However, a subanalysis of the
relapse cohort revealed that out of seven patients undergoing
disease recurrence, five carried W71 genetic variations (two
in the form of mutations and three heterozygous for the
rs16754 SNP) while four had FLT3 mutations (three
FLT3-ITD and one FLT3-TKD).

Discussion

To the best of our knowledge, the present study is the first
comprehensive analysis of WT1 gene variations in a large
series of newly diagnosed APL patients. Three of the four
WTI mutations were frameshift mutations located in the exon
7 “hotspot” region already described in AML [17] which
result in a premature stop codon. As previously reported,
mutations affecting W71 gene coding region may result in a
protein incapable of proper binding to DNA in turn leading to
transcriptional abnormalities [15]. All patients with mutations
were homozygous for the major allele of SNP rs16754 con-
sistent with data reported by Ho et al in pediatric AML [20].
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At variance with previous reports on AML [32], of the four
patients with T/ mutations in our study, two harbored mu-
tation in FLT3-TKD region and none had FLT3-ITD muta-
tion. Two of the four patients with W71 mutations relapsed
shortly after remission including one of those who had FLT3-
TKD mutation. This patient was considered as high risk
according to Sanz risk score. For AML patients, it has been
also reported that W71 expression is significantly higher in
cases harboring mutations in this gene [20, 33, 34]. However
in our cohort, patients harboring W71 mutations had a rela-
tively lower WT1 copy numbers (median, 12750 copies). We
recognize however the limitation of these comparisons, which
are based on only four cases mutated for WT1.

As to the WT1 SNP rs16754, the frequency of homozy-
gosity for the minor allele in our APL series appears higher
than that reported in two studies conducted in adult AML
(5.8% vs. 1.6 % and 2.1 %; Damm et al. [18] and Hollink et
al. [19]) but in line with results in pediatric AML [20].
Recently, synonymous SNP rs16754 has been correlated
with higher expression levels of WTI in pediatric AML
patients [20]. In keeping with these observations, we found
a higher number of WTI transcripts in patients with the
homozygous minor allele (WT1°°) compared to other allelic
variants.

In our cohort, both patients with FLT3-ITD or FLT3-
TKD mutations had a high median W7/ copy number.
Two recent studies on AML patients have shown that high
WTI expression was specifically correlated with presence of
FLT3-ITD mutation [27, 35]. However, in our series, we
observed a significant correlation between W71 expression
and FLT3-TKD mutation.

We could not find any significant association between
WTI status and patient presenting features. As concerning
clinical outcome, the analysis was hampered by several
factors including the very small number of relapses and
treatment heterogeneity. In particular, distinct therapeutic
options were given for post-induction in the three differ-
ent regimens adopted by the Gruppo Italiano Malattie
Ematologiche dell’Adulto and Programa para el Estudio
y la Terapéutica en Hemopatia Maligna groups in the
considered period. However, the available data hereby
presented on relapsed patients may suggest that WTI
genetic variations could have an impact on prognosis.
Larger studies in homogeneously treated patients are
needed to better clarify the prognostic role of WTI gene
status in APL.
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