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Abstract: Background: The pathogenic role of Wilms tumor 1 gene (WT1) is well known in renal cancer. However,
recently, its over expression is been documented in cases of acute myeloid leukaemia (AML), acute lymphoblastic
leukaemia (ALL) and myelodysplastic syndrome (MDS). WT1 mutations is found in about 6%-15% of cases of AML
affecting mainly hotspot exon 7 and 9, and less frequently in other exon such as 1, 2, 3, and 8. Different studies
have shown equivocal findings with few of them depicting poorer prognosis, while others suggesting lack of any significant clinical impact. Objective: This study was planned to evaluate prevalence of WT1 gene mutation on exon 7
& 9 in de novo cases of AML and its correlation with their clinical features and disease course. Methodology: A total
of newly diagnosed and treatment naive 100 cases of AML, having blast count of ≥20% in peripheral blood or bone
marrow were enrolled. Genomic DNA of all participants was extracted from blood/bone marrow sample using Qiagen® DNA extraction kit. Haematological workup for counts and flow cytometry based immunophenotypes was done.
Mutation on exon 7 & 9 were detected with the help of Sanger sequencing. Results: WT1 mutations were detected
in both types of cases having normal vs. abnormal cytogenetics. The overall prevalence of WT1 mutation of 2%
was found. We have reported one novel mutation on exon 9 of WT1 gene. Twelve cases (12%) among all analyzed
AMLs were found to have synonymous single nucleotide polymorphism (SNPs) on exon 7 which has been previously
reported in SNP database (rs16754). Conclusion: In our study, presence of synonymous SNP was not associated
with any change at protein level. We also evaluated mutational status with deaths during induction remission and
concluded that presence of WT1 gene mutation was associated with death during induction therapy.
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Introduction
Acute myeloid leukaemia (AML) is a complex
multisystem hematopoietic disorder having system specific symptoms and complications [1].
It is second most common type of leukaemia
being diagnosed among adults and children [2,
3]. However, the incidence of AML rises with
increasing age [4]. The disease is an outcome
of various multistep mutational insults leading
to phenomenon such as uncontrolled proliferation, hampered maturation and reduction in
apoptosis of myeloid lineage specific cancer
stem cells [5, 6]. With advancement of therapeutic interventions, there has been a slight

improvement in survival figures. However, most of the diagnosed cases of AML usually succumb to disease within time frame of approximately two years [7]. The survival is an outcome of on genomic profile of mutational burden
along with other clinical factors. In addition,
posttranscriptional and post-translational modification after mutations may also contribute
significantly promoting malignant cell proliferation [8, 9].
Wilms Tumor 1 (WT1) gene was initially identified as a tumor suppressor gene linked with
nephroblastoma [10, 11]. Many recent studies
[12-16] have shown involvement of WT1 gene in
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cell survival, proliferation and differentiation
in various other neoplasm like leukaemia, lung
cancer, colon cancer and pancreatic cancer
emphasizing its strong oncogenic potential.
However, its mechanism is not so well understood and remains elusive till date. It is expressed in different tissues in a specific sequential manner. During embryogenesis, it is
found predominantly in urogenital system, while, in adults it is also present in central nervous
system and haemato-lymphoid tissues along
with urogenital system [12]. Despite of its behaviour as tumor suppressor gene, it has been
functioning as tumor oncogene in leukemia and
breast cancer [17].
WT1 gene is at 11p13 and encodes for 10
exons to generate approximately 3 kb mRNA
(Table 1) from ncbi.nlm.nih.gov/nuccore/NM_024426.4?report = fasta. The gene undergoes
alternative splicing at exon 7 and exon 9 to
form four different protein isoforms [18]. WT1
gene is proposed to play a predominant oncogenic role in contrast to its tumor suppressor
role in cases of AML [19]. It controls important
biological processes such as transcription, translation and RNA metabolism [20, 21]. In addition to Wilms tumor, mutations of WT1 gene
also leads to disorders such as Denys-Drash
syndrome [22]. The expression of WT gene has
been high in normal blast cell and down regulates with normal maturation of cell [23, 24],
however it has been seen persistently high
among cases of AML and in human cell lines
[25, 26].
WT1 gene expression has been extensively
studied on pre-malignant and malignant haematological conditions. Majority of studies
have found increased WT gene expression in
various subsets of AML and have correlated
with their respective outcomes and survivals.
A comparative evaluation of WT1 expression
among cases of myelodysplastic syndromes
(MDS) and AML on pre and post-transplant
occasions was done for assessment of future
relapse [26]. It has also been studied in AML
cases along with other associated co-existing
genetic abnormality [27]. There is a study from
china in bone marrow aspiration samples of
195 AML cases [28] to validate WT1 gene
expression as predictive biomarker for detection of minimal residual disease. The same
has been studied on AML cases undergoing
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allogenic stem cell transplant to predict post
transplant relapses [29]. On the basis of available medical studies published till date, it can
be concluded that WT gene expression has
been found in the range of 70-90% in patients
with AML [30-32].
However, published data on WT1 mutational
pattern exhibits relative paucity when compared with its expression related studies. Mutation in WT1 gene and modifications of downregulating pathway is potentially playing a critical role for malignant blast proliferation and
impaired differentiation of neoplastic blast cell. WT1 mutations have been seen in about
6%-15% of cases of AML clustered mainly
around exon 7 and 9, and less frequently in
exon 1, 2, 3, and 8 [33-37]. Mutation in WT1
gene causes conformational changes in binding capacity of WT1 protein leading to its deficient tumor suppressing activity and creates
pro-tumor environment [33]. One study has reported deranged TET2 function as a consequence to WT1 mutation [38]. Different studies have showed variable conflicting results with
few of them depicting a poorer prognosis in
cases of AML due to WT1 over expression or
mutation, while other few suggests lack of any
significant impact [35, 40-43].
There has been only one study [36] carried out
in Indian population which shows prevalence
of 6.7% of WT1 mutation among cases of AML.
In view of the above equivocal conflicting scenario, the current study was planned to evaluate prevalence of WT1 gene hotspots mutation
in de novo cases of AML and its correlation with clinical features and prognosis.
Materials and methods
Design of study: Prospective, diagnostic study
evaluation.
Sample size calculation
The sample size to be studied was as per the
review of literature, the prevalence of WT1
mutation is approximately 6.7% AML [36]. In
view of the cost of experiment, benchmark of
7% was considered. Accordingly, at 95% of
confidence and absolute precision as 5% the
required sample size came around 99. Ac-
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Table 1. Sequence of WT1 gene
Parameters
Age/Karyotype
Cytogenetics
11p13
Base Pairs
32,387,775 to 32,435,539
mRNA
3 KB
No of Exons
10
Sequence
>NM_024426.4 Homo sapiens Wilms tumor 1 (WT1), transcript variant D, mRNA
AGCTGGGGTAAGGAGTTCAAGGCAGCGCCCACACCCGGGGGCTCTCCGCAACCCGACCGCCTGTCCGCTC
CCCCACTTCCCGCCCTCCCTCCCACCTACTCATTCACCCACCCACCCACCCAGAGCCGGGACGGCAGCCC
AGGCGCCCGGGCCCCGCCGTCTCCTCGCCGCGATCCTGGACTTCCTCTTGCTGCAGGACCCGGCTTCCAC
GTGTGTCCCGGAGCCGGCGTCTCAGCACACGCTCCGCTCCGGGCCTGGGTGCCTACAGCAGCCAGAGCAG
CAGGGAGTCCGGGACCCGGGCGGCATCTGGGCCAAGTTAGGCGCCGCCGAGGCCAGCGCTGAACGTCTCC
AGGGCCGGAGGAGCCGCGGGGCGTCCGGGTCTGAGCCGCAGCAAATGGGCTCCGACGTGCGGGACCTGAA
CGCGCTGCTGCCCGCCGTCCCCTCCCTGGGTGGCGGCGGCGGCTGTGCCCTGCCTGTGAGCGGCGCGGCG
CAGTGGGCGCCGGTGCTGGACTTTGCGCCCCCGGGCGCTTCGGCTTACGGGTCGTTGGGCGGCCCCGCGC
CGCCACCGGCTCCGCCGCCACCCCCGCCGCCGCCGCCTCACTCCTTCATCAAACAGGAGCCGAGCTGGGG
CGGCGCGGAGCCGCACGAGGAGCAGTGCCTGAGCGCCTTCACTGTCCACTTTTCCGGCCAGTTCACTGGC
ACAGCCGGAGCCTGTCGCTACGGGCCCTTCGGTCCTCCTCCGCCCAGCCAGGCGTCATCCGGCCAGGCCA
GGATGTTTCCTAACGCGCCCTACCTGCCCAGCTGCCTCGAGAGCCAGCCCGCTATTCGCAATCAGGGTTA
CAGCACGGTCACCTTCGACGGGACGCCCAGCTACGGTCACACGCCCTCGCACCATGCGGCGCAGTTCCCC
AACCACTCATTCAAGCATGAGGATCCCATGGGCCAGCAGGGCTCGCTGGGTGAGCAGCAGTACTCGGTGC
CGCCCCCGGTCTATGGCTGCCACACCCCCACCGACAGCTGCACCGGCAGCCAGGCTTTGCTGCTGAGGAC
GCCCTACAGCAGTGACAATTTATACCAAATGACATCCCAGCTTGAATGCATGACCTGGAATCAGATGAAC
TTAGGAGCCACCTTAAAGGGAGTTGCTGCTGGGAGCTCCAGCTCAGTGAAATGGACAGAAGGGCAGAGCA
ACCACAGCACAGGGTACGAGAGCGATAACCACACAACGCCCATCCTCTGCGGAGCCCAATACAGAATACA
CACGCACGGTGTCTTCAGAGGCATTCAGGATGTGCGACGTGTGCCTGGAGTAGCCCCGACTCTTGTACGG
TCGGCATCTGAGACCAGTGAGAAACGCCCCTTCATGTGTGCTTACCCAGGCTGCAATAAGAGATATTTTA
AGCTGTCCCACTTACAGATGCACAGCAGGAAGCACACTGGTGAGAAACCATACCAGTGTGACTTCAAGGA
CTGTGAACGAAGGTTTTCTCGTTCAGACCAGCTCAAAAGACACCAAAGGAGACATACAGGTGTGAAACCA
TTCCAGTGTAAAACTTGTCAGCGAAAGTTCTCCCGGTCCGACCACCTGAAGACCCACACCAGGACTCATA
CAGGTAAAACAAGTGAAAAGCCCTTCAGCTGTCGGTGGCCAAGTTGTCAGAAAAAGTTTGCCCGGTCAGA
TGAATTAGTCCGCCATCACAACATGCATCAGAGAAACATGACCAAACTCCAGCTGGCGCTTTGAGGGGTC
TCCCTCGGGGACCGTTCAGTGTCCCAGGCAGCACAGTGTGTGAACTGCTTTCAAGTCTGACTCTCCACTC
CTCCTCACTAAAAAGGAAACTTCAGTTGATCTTCTTCATCCAACTTCCAAGACAAGATACCGGTGCTTCT
GGAAACTACCAGGTGTGCCTGGAAGAGTTGGTCTCTGCCCTGCCTACTTTTAGTTGACTCACAGGCCCTG
GAGAAGCAGCTAACAATGTCTGGTTAGTTAAAAGCCCATTGCCATTTGGTGTGGATTTTCTACTGTAAGA
AGAGCCATAGCTGATCATGTCCCCCTGACCCTTCCCTTCTTTTTTTATGCTCGTTTTCGCTGGGGATGGA
ATTATTGTACCATTTTCTATCATGGAATATTTATAGGCCAGGGCATGTGTATGTGTCTGCTAATGTAAAC
TTTGTCATGGTTTCCATTTACTAACAGCAACAGCAAGAAATAAATCAGAGAGCAAGGCATCGGGGGTGAA
TCTTGTCTAACATTCCCGAGGTCAGCCAGGCTGCTAACCTGGAAAGCAGGATGTAGTTCTGCCAGGCAAC
TTTTAAAGCTCATGCATTTCAAGCAGCTGAAGAAAAAATCAGAACTAACCAGTACCTCTGTATAGAAATC
TAAAAGAATTTTACCATTCAGTTAATTCAATGTGAACACTGGCACACTGCTCTTAAGAAACTATGAAGAT
CTGAGATTTTTTTGTGTATGTTTTTGACTCTTTTGAGTGGTAATCATATGTGTCTTTATAGATGTACATA
CCTCCTTGCACAAATGGAGGGGAATTCATTTTCATCACTGGGAGTGTCCTTAGTGTATAAAAACCATGCT
GGTATATGGCTTCAAGTTGTAAAAATGAAAGTGACTTTAAAAGAAAATAGGGGATGGTCCAGGATCTCCA
CTGATAAGACTGTTTTTAAGTAACTTAAGGACCTTTGGGTCTACAAGTATATGTGAAAAAAATGAGACTT
ACTGGGTGAGGAAATCCATTGTTTAAAGATGGTCGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTTG
TGTTGTGTTTTGTTTTTTAAGGGAGGGAATTTATTATTTACCGTTGCTTGAAATTACTGTGTAAATATAT
GTCTGATAATGATTTGCTCTTTGACAACTAAAATTAGGACTGTATAAGTACTAGATGCATCACTGGGTGT
TGATCTTACAAGATATTGATGATAACACTTAAAATTGTAACCTGCATTTTTCACTTTGCTCTCAATTAAA
GTCTATTCAAAAGGAAAAAAAAAAAAA

cording to formula n = 3.84 pq/d2 where p =
prevalence, Q = 1-p and “d” is precision rate.
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Number of samples = 3.84 × 7 × 93/5 × 5 = 99
round off to 100.
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Cell samples and DNA isolation

Figure 1. PCR products on 1% agarose gel electrophoresis. A. Lane 1-5;
Amplified product of 349 bp of exon 9. Lane 6; Molecular ladder of 100 bp.
B. Lane 2-4; Amplified product of 349 bp of exon 7. Lane 1 & 5; Molecular
ladder of 100 bp.

The proposed sample size is likely to provide
reasonably better preliminary findings on the
topic.
Sample collection, diagnosis and treatment
protocol
This study was performed at our institute after
obtaining ethical approval from institute ethics
committee in accordance with the Declaration
of Helsinki. After informed consent was granted
then samples were collected. The diagnosis of
AML was made on basis of clinical features,
morphology, cytogenetics and immunophenotyping [44]. Blasts ≥20% in bone marrow aspirate or peripheral blood was considered as a
cut off for final diagnosis of AML. The diagnosis
were confirmed by flowcytometry based immunophenotyping using Beckman coulter flow
cytometer (Gallios & FC 500) with cMPO, CD13,
CD33, CD45 and CD117, CD14, CD36, CD11b,
CD64, CD34, CD65, CD38, CD19, CD2, CD9,
CD15, cCD79a and cCD3 as markers for diagnosing and differentiating AML blasts from
other haemato-lymphoid neoplasm. Clinical details of cases were noted from records file of
the patient and they were regularly followed up
for a year. Cytogenetic results and other molecular markers (AML-ETO, FLT3-ITD, CBFBMYH11, and NPM1 etc.) were also recorded. All
cases of AML included in this study received
uniform treatment of 3+7 intensive induction
chemotherapy and High dose cytarabine (HiDAC) as consolidation therapy according to standard AML treatment protocol regimen [45].
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Bone marrow aspirate/peripheral blood samples were collected from the AML patients at
diagnosis in EDTA vials. Peripheral blood mononuclear cells
were separated using RBCs lysis method to isolate lymphocytes and stored in phosphate
buffer saline (PBS) at -80°C.
DNA was extracted using Qiagen® DNA extraction kit according to the manufacturer’s protocol. DNA was further quantified by spectrophotometry and
its quality was checked by agarose gel electrophoresis.

Amplification of WT1 gene
High molecular weight genomic DNA was amplified for exons 7 and 9 of WT1 gene using
the following primer sets: WT-Ex-7F: 5-GACCTACGTGAAT GTTCACATG-3; WT-Ex-7R: 50-ACCAACACCTGGATCAGACCT-30; WT-Ex-9F: 50-TGCAGACATT GC AGGCATGGCAGG-30; and WT-Ex9R: 50-GCACTATTCCTTCTCTCAACTGAG-30, as
per a previous report [36]. Briefly, the polymerase chain reaction (PCR) was performed in
a 50 µL volume containing 50 ng of genomic
DNA, 1.5 mmol/L MgCl2, 0.2 mM dNTPs, 20
pmol of each oligonucleotide primer, and 5 unit of Taq polymerase (commercially available).
The PCR conditions consisted of an initial denaturation step at 94°C for 5 min followed by 34
cycles at 94°C for 30 s, 60°C for 1 min, 72°C
for 1 min, and a final step at 72°C for 10 min.
The bands of amplified products on gel were
captured using UV light gel imaging system. The
base pair size of both amplified product size
was same as 349 bp for exon 9 & 7 respectively (Figure 1A and 1B).
Sequencing of WT1 gene
As per manufacturer’s protocol, PCR amplified
products were subjected to the clean-up process for removal of leftover dNTPs, primers
and other unwanted/inhibitory components
acquired during PCR reaction using QI quick®
PCR purification kit (Qiagen, Germany). After
purification step, amplified PCR products were
subjected to direct sanger sequencing to deAm J Blood Res 2020;10(5):179-189
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tect any nucleotide sequence variation in targeted region by using capillary electrophoresis
on genetic analyser 3500 (Applied bio-system,
USA). The targeted gene sequence results were analysed with reference sequence of gene
using software Chromas© 2.6 tool. The altered
gene sequence results were then reconfirmed
again by a repeat PCR amplification with both
primers (forward & reverse) followed by resequencing of the amplified products.
Statistical analysis
The statistical analysis (STATA:14 software) of
data was analyzed using Pearson’s chi-squared test (χ2) and Fisher’s exact test to evaluate
significant association of WT1 gene mutations
among AML cases for disease risk stratification
and clinical management. The qualitative value
was represented in form of numbers and percentage while quantitative value in median and
range. The p-value of results was calculated for
all parameters and p-value ≤0.05 was considered as significant.
Results
Prevalence of hotspots in Exon 7 & 9 of WT1
gene mutation
WT1 gene mutation was analysed for coding
region and intron-exon flanking region of exon
7 & 9 using Sanger sequencing in a total of 100
cases. Two (2) out of 100 cases i.e. 2% showed point mutation i.e. single base substitution
(Figure 2A, 2B) only in exon 9. Interestingly, we
observed a novel mutation in case id 73 in exon
9, which was due to single base substitution
of nucleotide resulting change in amino acid
sequence of protein (Table 2A). The nucleotide
and protein variation of was c.1373 G>C; p.
Arg458Pro. This novel mutation finding was
submitted to ClinVar database of NCBI. We also observed an already reported point mutation in case id 61 in exon 9. The altered nucleotide and protein sequence of this case was
c.1385 G>C; p.Arg462Pro. Another 12 case
(12%) had synonymous single nucleotide polymorphism (SNP) exclusively in exon 7 (Table
2B), which have also been previously reported
in SNP database (dbSNP -rs16754). Six (6) out
100 i.e. 6% had intronic single nucleotide variant (iSNV) (Table 2C) which were found in exon
7 (n = 2) as well as in exon 9 (n = 4).
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Correlation of WT1 hotspots mutation finding
with demographic & clinical characteristics
The demographic and clinical characteristics of
AML patients with wild-type & mutant-type of
WT1 gene has been summarized in (Table 3).
In this study, 60 cases were males and 40 were females with median age of 17.5 year (range3 months - 69 years). The WT1 mutation was
identified in two patients aged 15 and 28 years
respectively, which was found in younger adult
age group. There were no statistically significant differences in clinical parameters like haemoglobin levels, white blood cells count (WBCs),
platelets count, & blast cell percentage at primary diagnosis between wild type and mutanttype cases. Both the cases having WT1 mutation died during induction remission therapy
was statistically significant.
Correlation of hotspots WT1 mutation with
cytogenetic findings
Cytogenetic findings were available for only 39
(39%) out of 100 patients including WT1 mutations as mentioned in (Table 4). According to
cytogenetic findings, patients were categorised
into two main groups one with normal karyotype (n = 19); and other with abnormal karyotype (n = 20). Cases with abnormal karyotypes
were further sub-grouped as t (8; 21), t (15; 17)
having (n = 9), deletion (n = 6), other complex
cytogenetic (n = 5). The karyotypes of rest of
the 61 cases were not available for analysis.
The WT1 mutation result showed no significant
differences with respect to these cytogenetic
results (p value = 0.649).
Discussion
In this study, we have analyzed prevalence of
mutations on hotspots locations on exon 7 & 9
of WT1 gene and its clinical correlation among
treatment naïve newly diagnosed primary cases of AML. Few studies of WT1 gene mutation
in AML have been published till date mostly representing western countries [32-36]. A most
recent study [37] from Pakistan has reported
WT1 gene to be associated with recruitment of
three independent germ line mutations in AML
cases. There has been paucity of such data
from India; however, a single study [36] has
reported prevalence of 6.7% of WT1 mutation
among cases from southern India. The current
study has been conducted in the northern part
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Figure 2. Sanger basedsequence result of exon 9 of WT1 gene. A. Case 61 shows G>C nucleotide change at c.1385/
G>C. B. Case 73 G>C shows novel nucleotide change c.1373 G>C.

Table 2A. Brief profile of point mutation in
Exon 9 of WT1 gene in AML patients with
novel reported change in protein
Serial No Age/Karyotype
1
2

28/46xy
15/46xx

Nucleotide
Protien
change
Change
c.1385/G>C p.R462P
c.1385/G>C p.R458P

of India, though caters to medical services to
whole country. In our study, WT1 mutation was
184

found only in 2 out of 100 cases (2%) including
one novel mutation onexon 9, which was due to
single base substitution of nucleotide resulting change in amino acid sequence of protein
(Table 2A). The nucleotide and protein variation
of was c.1373 G>C; p.Arg458Pro. This novel
mutation finding was submitted to ClinVar database (accession IDVCV000625171.1) of NCBI
as per Genome Reference Consortium Human
Build 37. We also observed an already reported
point mutation on exon 9. The altered nucleoAm J Blood Res 2020;10(5):179-189
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Table 2B. Brief profile of point mutation in Exon 7 of WT1 gene
in AML patients
Serial
Age/Karyotype
No
1
0.8/46, XX
2
39/46, XY
3
37/46, XY
4
7/45, del (Xq), -Y, add(1p)/46, XY
5
54/46, XY
6
62/46, XX
7
21/46, XY
8
12/46, XY
9
19/46, XX
10
24/46, XX
11
04/58XY, +X, (+4, +10), +22/46, XY
12
28/46, XX
0.8/46, XX

Nucleotide
change
1293 A>G
1293 A>G
1293 A>G
1293 A>G
1293 A>G
1293 A>G
1293 A>G
1293 A>G
1293 A>G
1293 A>G
1293 A>G
1293 A>G

Protien
Change
No change
No change
No change
No change
No change
No change
No change
No change
No change
No change
No change
No change

Table 2C. Intronic variation found in Exon 7 & 9 of WT1 gene
in AML patients
Serial No
1
2
3
4
5
6

Exon no.
Exon 9
Exon 9
Exon 9
Exon 9
Exon 7
Exon 7

Nucleotide change
upstream -87G>A
upstream -87G>A
upstream -87G>A
upstream -87G>A
upstream -20T>C
upstream -09T>A

Nucleotide seq variants
GCTGG G>A CTCC
GCTGG G>A CTCC
GCTGG G>A CTCC
GCTGG G>A CTCC
CCT TCC>T TCT
TCT CT>AG CCT

tide and protein sequence of this case was
c.1385 G>C; p.Arg462Pro. There were 12 cases (12%) having synonymous SNP (Table 2B)
which has already been reported as SNP
rs16754 in dbSNP database. Six out of 100
cases (6%) had intronic variants (Table 2C) on
intron-exon flanking region of both exon 7 & 9.
Prevalence of WT1 mutation was found to be
very low (2%) as compared to the reported data
of 6-13% [34-37] from western European and
middle east countries. The reported prevalence
of 2% is even lower than already reported data
of 6.7% from a previous Indian study [36]. This
disparity in our study can be due to the fact,
that, we have analyzed WT1 mutation cluster
only on exon 7 & 9 considering them as hotspots gene. While, other studies have examined whole of WT1 gene which also included
exons 1, 2, 3 & 8, apart from exon 7 and 9.
Though, sample size was calculated as per
benchmark of 7% adopted from Indian study
[36], the overall prevalence was expected to be
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within the range of reported data.
The possible hypothesis to explain
this lower prevalence figure is that
previous study was done predominantly on south Indian population,
which shares a different gene pool [36]. Other possible potential
cause could also be limited number of samples analyzed in our
study. The sanger sequencing analysis revealed, that WT1 mutation was found mainly in exon 9 (n
= 2), and not in exon 7 which is
different from some of the other
previous published studies [41].
Both were single base substitution mutation (point mutation) in
exon 9, where one nucleotide was
changed to other thus resulting in
a change in amino acid sequence.
This may ultimately lead to a variation in protein conformation and
hence in protein function [34].

In correlation with age and sex
between WT1 mutant & wild-type
cases, there was no statistically
significant differences and p Value
for age group less than 18 & age
group more than 18 was P = 0.743
and between male & female cases was (P = 0.851) (Table 3). There
were also no statistically significant differences in other clinical parameters as hemoglobin
level, WBCs count and platelet count between
WT1 mutant-type and wild-type cases, which
was in concordance with other published studies [41]. A correlation was noticed between
WT1 mutant-type patients and high percentage
(%) of blast counts at presentation but it was
also not statistically significant (P = 0.161), may
be due to a lesser number of mutant when
compared with wild cases. This finding was different in comparison to a previously published
studies [39, 40] which stated that WT1 gene
mutation might induce high proliferation capacity of blast cells and that may affect its
count and distribution.
Considering the critical impact of WT1 gene in
cell survival and its role as oncogene in various
neoplasm, increased WT1 expression levels is
considered to have a prognostic significance
and is associated with a poor response to th-
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Table 3. Clinical and demographic characteristics cases of acute myeloid leukemia
Characteristics (n)
Gender (100)
Male (60)
Female (40)
AgeMed.17.5 (0.3-69)
≤18 years (52)
>18 years (48)
Blast %
<20-30 (8)
31-50 (19)
51-79 (35)
>80 (38)
Remission Status
Under Remission (27)
Relapse (42)
Unknown (31)
Follow-up status
Active
Death
Lost

Wild
type

Mutant
type

p
value

59
39

1
1

0.851

51
20

1
1

0.802

8
19
34
37

0
0
1
1

0.161

27
41
30

0
1
1

0.05

38
14
46

0
2
0

0.04

Table 4. WT1 mutation and its correlation with
other cytogenetic abnormalities
Characteristics (n)
Kayotype (100)
Unknown (61)
Known (39)
Cytogenetics (39)
Normal
Abnormal
Abnormal Cytogenetics (20)
t (8; 21), t (15; 17)
Deletions
Other complex abnormality

Wild Mutant
p
type type
value
61
37

0
2

19
18

0
2

8
6
4

1
0
1

0.851

0.649

erapy [46, 47]. In a study [47], WT1 transcript
levels were evaluated in blast cells of 139 AML
cases who were treated with standard chemotherapy regimen. Probability of 3-year overall
survival was found to be 59% in patients with
low WT1 expression levels compared to 21% in
patients with high WT1 levels (P<0.046). These
findings contrasted with another observation
of [45] where another research group evaluated WT1 RNA expression in 125 de novo cases
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of AML and did not find any correlation with
their disease-free survival or clinical remission.
This discrepancy in observation may be explained due to differences in protocol methodology in measuring WT1 gene expression and differences in selection of target sample size.
Further, in the intensity of the treatment regimens used would also have their confounding
effect on survival parameters. In our study,
both cases having WT1 mutation died during
their course of induction therapy and this finding was statistically significant (P<0.04) suggesting a overall poor prognostic effect of WT1
mutation. However, we cannot conclude with
confidence due to a small percentage of cases
harboring mutational signature and a fairly limited sample size of the study.
In karyotype analysis, WT1 mutation was found
in both, cases with normal as well as abnormal
cytogenetics (Table 4) but there was no statistically significant difference among both groups.
This finding in our study was not in consensus
with a previous published study which reported
that WT1 mutation are more prevalent in cases
with normal cytogenetics compared with abnormal cytogenetics [41]. This could be attributed
to the fact that in our study we had cytogenetic
results available for limited no of cases (39/
100). Twelve (12%) among all analyzed cases
of AML were found to have synonymous single nucleotide polymorphism (SNPs) in exon 7
which has been previously reported in SNP
database (rs16754) and it is heterozygous in
nature (WT1 A→G) (Table 2B). Synonymous
SNPs causes a change in nucleotide sequence of gene without altering protein sequence.
Such synonymous SNPs were thought to be
insignificant earlier but recent studies have reported that WT1 SNP rs16754 is an independent prognostic marker in certain cases of AML
[48-51]. A recent study [51] showed that these
synonymous SNPs may also directly alter the
gene function and phenotype by mechanisms
such as alteration of miRNA binding, protein
folding, or by affecting mRNA splicing, stability or SNP expression. In our study presence of
synonymous SNP was not associated with any
protein change and was not statistically significant with prognosis or for any other clinical
parameters. The correlation among the demographic data and clinical parameters was not
statistically significant among the two groups.
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This is may be explained due to low number of
cases among mutant positive category.
Conclusion
The current study concluded that exon 7 & 9
WT1 mutations are not so prevalent among
cases of AML in Indian population as compared to western population. WT1 mutation was
found in AML with both normal as well as abnormal cytogenetics. It was also evaluated that WT1 gene mutation corresponded with bad
prognosis and showed poorer clinical outcome
in the form of early induction deaths. Presence
of synonymous SNP in cases of AML was not
statistically significant. The limitation of study
was analysis of only mutational hotspot region
i.e. exon 7 & 9 of WT1 gene along with relatively limited sample size. Therefore, an elaborate
study on NGS based sequencing of WT1 covering all exons with greater number of cases may
give better evaluation of its clinical impact on
disease causation, prognosis and overall survival. Molecular studies in cases of AML with
mRNA expression of WT1 gene using real time
PCR might also be incorporated in future research. WT1 gene mutation and its expression
have potential of being a effective minimal
residual disease marker and further needs to
be deciphered.
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