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Abstract

Background: There are several genetic mutations that carry prognostic and predictive values in acute myeloid
leukemia (AML). They are also implicated in disease pathogenesis and patient outcome. They can be a target of
novel therapies for AML. The aim of the current study was to investigate prognostic value of Wilms’ tumor-1 (WT1)
genotypes and human myeloid inhibitory C-type lectin-like (hMICL) receptor expression in normal-cytogenetic
group of patients with AML. Genotyping of WT1 mutations was done by Rotor Gene real-time polymerase chain
reaction (PCR) while hMICL expression was detected using phycoerythrin (PE)-conjugated mouse monoclonal anti-
human (MoAbs) by flow cytometry.

Results: Sixty-three patients with cytogenetically normal AML (CN-AML) were included in the study. The alternate
allele of WT1 single nucleotide polymorphism (SNP) rs16754 was found in 26.89%. At day 28 of therapy, complete
remission was achieved in 100% of cases harboring mutant AG plus GG genotypes but only in 6.38% of cases
harboring wild genotype (AA). After 6 months, 88.23% of patients harboring WT1 mutant genotype maintained
complete remission, while only 23.40% of patients with wild type showed complete remission. The overall survival in
patients harboring mutant WT1 genotypes was significantly longer than in those who carried the wild type gene (P-
value, 0.001). Additionally, hMICL was overexpressed in approximately 87.3% of AML cases and inversely related to
complete response. Similarly, overall survival was significantly shorter in patients with positive hMICL (P-value, 0.001).

Conclusion: Mutant WT1 genotypes (SNP rs16754) were conversely, associated with complete response, and hMICL
overexpression had poor prognostic value in AML.
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Background
Acute myeloid leukemia (AML) is a heterogeneous
disease in clinical presentation. Its biological behavior
characterized by cytogenetic abnormalities, which pro-
vide powerful prognostic information [1].
Many curatively treated patients with AML have

relapse but estimated to be in complete remission (CR)
by standard diagnostic criteria [2]. This is thought to be
caused by the presence and outgrowth of sustaining
leukemic stem cells in the bone marrow (BM), termed
minimal residual disease (MRD) [3].
Cytogenetically normal AML (CN-AML) represents

the largest cytogenetic group of AML cases [4]. Better
understanding of the pattern of gene mutation in this
group of patients will improve diagnostic, prognostic,
and therapeutic options for MRD [5]. Additionally, for-
mal proof supporting preventive intervention of patients
with MRD-positive AML is still limited [6, 7].
The Wilms’ tumor 1 (WT1) gene is a tumor suppressor

gene located on chromosome 11p13 and has a regulatory
role in normal and malignant hematopoiesis [8]. WT1 is
expressed in CD34-positive progenitor cells and is down-
regulated during the process of hematopoietic differenti-
ation and undetectable in mature leukocytes [9].
The most important WT1 gene mutations associated

with AML are clustered in exon 7 (hotspot region), and
single nucleotide polymorphism (SNP), rs16754, is also lo-
cated in this region [10]. This gene mutation was reported
in approximately 10% of patients with CN-AML [1].
WT1 gene overexpression could be observed in many

patients with AML at diagnosis, which disappeared when
CR was achieved by chemotherapy [11]. Hence, WT1
gene expression has been regarded as a potential bio-
marker for the detection of MRD in AML, and dis-
appearance of WT1 gene positivity during chemotherapy
had a favorable effect on survival [12, 13].
The human myeloid inhibitory C-type lectin-like

receptor (hMICL) (also known as CLL-1, KLR1, and
CLEC12A) is present on monocytes and granulocytes in
normal peripheral blood and BM. The function of this
heavily glycosylated trans-membrane C-type lectin not
well established. However, there is some evidence that
hMICL is involved in the control of myeloid cell activa-
tion during inflammation [14]. It has been reported that
hMICL is a marker for LSCs and is a possible target in
antibody-mediated anti-leukemia treatment [15].
Based on these data, our study aimed to assess the

prevalence of WT1 SNP rs16754 and hMICL expression
and to determine the prognostic significance of both genes
in cytogenetically normal adult patients with AML.

Methods
This study included 63 patients with CN-AML. Blood
samples of patients were collected in the clinical

oncology department Menoufia University and haemato-
oncology units of Ain Shams University Hospitals and
examined in the clinical pathology department of the
National Liver Institute, Menoufia University. The diag-
nosis and classification of AML were based on morpho-
logic and cytochemical evaluation, immunophenotyping
(IPT), and cytogenetic study according to the 2016 World
Health Organization criteria for classification of tumors of
hematopoietic and lymphoid tissues [16].
Patients with poor performance status, significant

comorbidities, acute promyelocytic leukemia (M3
subtype), biphenotypic leukemia, therapy-related AML,
acute lymphoblastic leukemia (ALL), myelodysplastic
syndrome (MDS), other hematologic diseases, and solid
tumor malignancy were excluded because of the differ-
ence in their pathogenesis and survival rate in relation
to other types of AML.
Either verbal or written consents were obtained from

all subjects before their enrollment in the study, and
conventional data were collected from the patients' med-
ical records. The study protocol was in accordance with
the Declaration of Helsinki and approved by the Scien-
tific and Ethical Committee of National Liver Institute-
Menoufia University.
All studied patients were subjected to full history tak-

ing and clinical examination stressing on fever, bleeding
tendency, easy fatigability, bone pain, pallor, purpuric
eruptions, hepatomegaly, splenomegaly, lymphadenop-
athy, and central nervous system involvement.
Imaging studies included chest and abdominal com-

puted tomography (CT) or chest radiography and
abdominal ultrasonography. Brain CT without contrast
was performed when central nervous system (CNS)
hemorrhage was suspected, while brain magnetic reson-
ance imaging was performed when leukemic meningitis
was suspected, and lumbar puncture was indicated (to
assess CNS involvement or exclude meningitis). Assess-
ments of cardiac risk markers and myocardial function
(by echocardiogram) were conducted as induction regi-
mens containing anthracycline.

Laboratory investigations and sampling

a. Complete blood count was performed using Sysmex
XT-1800i automated hematology analyzer (Sysmex
Corporation, Kobe, Japan), and peripheral blood
smear was stained by Leishman for examination.

b. Cytochemistry and morphology were performed for
peripheral blood and BM myeloid and lymphoid blast
cells using Giemsa stains, myeloperoxidase reaction,
and nonspecific esterase using alpha-naphthyl-acetate
according to the FAB classification [17].

c. Cytogenetic study was conducted on fresh BM
samples or after 1–3 days of unstimulated culture.
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Metaphase chromosomes banding analysis was
performed in all patients using trypsin-Giemsa
method after the standard methods [18] and karyo-
typed in accordance with the International System
for Human Cytogenetic Nomenclature [19].

a. IPT was performed on blast cells. The samples were
used either fresh or left for 24 h at 4 °C (if fresh
samples were not used for the IPT at the same day)
using EPICS XL Coulter Flow Cytometer (Beckman
Coulter, Hialeah, FL, USA). Monoclonal antibodies
were as follows: B cell panels, CD10, CD19, CD20;
T cell panel, CD2, CD5, CD7 to exclude ALL;
myeloid markers, CD13, CD33, and CD14 as
monocytes markers; and cytoplasmic MPO as
myeloid specific marker. The nonspecific lineage-
antigens HLA-DR and CD34 were used to detect
the phenotypes of leukemic cells. The percentage of
relevant studied markers was determined on the blast
cells as a percentage of the gated blast cells. The blast
cells were considered positive for the marker if > 20%
of cells expressed this marker; however, intracellular
MPO and CD34 expression was considered positive if
> 10% of cells expressed this marker as shown in the
results of Kaleem et al. [19].

b. hMICL expression by flow cytometer. Its mean
fluorescence intensity was performed on BM
blast cells by EDTA blood sampling using flow
cytometry (FCM). The used monoclonal antibody
was phycoerythrin-conjugated mouse monoclonal
anti-hMICL (CD123/hMICL/CD133/CD45) which
was purchased from Miltenyi Biotech (Bergisch
Gladbach, Germany). The vial supplied 25 μg of
antibody was diluted in 1 mL saline containing
0.5% bovine serum albumin and 0.1% sodium
azide (R&D systems, Minneapolis, USA). Negative
control was used (appropriately labeled according
to the MoAbs used) to assess background fluor-
escence intensity of nonspecific MoAbs binding.
Samples were considered positive for hMICL ex-
pression if expressed by ≥ 10.5% of the gated
blast cells, with the negative isotope control was
approximately 2% (based on data and statistics
obtained from controls, the negative isotypic con-
trol was set at 2%).

c. Genotyping of WT1 mutations. Extraction of
genomic DNA from peripheral blood or BM
samples according to the manufacturer’s
instructions was conducted using Qiagen BioRobot
M48 DNA Mini Kit (Qiagen, Hilden, Germany).
The extracted DNA was stored at − 20 °C until use
for WT1 genotyping by real-time polymerase chain
reaction (PCR). After this extraction and isolation,
samples were tested to DNA purity and finally
stored at − 80 °C until use.

After that, PCR was performed for detection of WT1
SNP (rs16754) at exons 7 by ABI TaqMan allelic dis-
crimination kit, catalog number of 81479 (Applied Bio-
systems, Carlsbad, CA) using the Rotor-Gene Real-Time
PCR System (QIAGEN, GmbH). The fluorescent labeled
probes with the context sequence for exon 7 FAM dye
for allele G: TTACTCTCTGCCTGCAGGATGTGCGA
C and VIC dye for allele A: GCCGAGGCTAGACCTT
CTCT. Re-genotyping of 10% of the samples was done
to assess the validity of the analysis [20].
Briefly, the PCR reaction was done as the following: 10

μl of genotyping master mix (2X), 0.5 μl TaqMan assay, 5
μl, template DNA, and 4.5 μl nuclease-free H2O in a total
volume of 20 μl then components were mixed gently and
15 μl of the mixture were dispensed into PCR tubes. Ac-
cording to the standard allelic discrimination genotyping
assay protocol, the PCR tubes were placed in the cycler
and the PCR cycling program was started. The PCR cyc-
ling conditions includes pre-reading of the plate where the
background fluorescence is recorded followed by QIAG
EN standard PCR protocol of 95 °C for 10 min, 95 °C for
15 s, 60 °C for 1 min, and repeat steps 2–3 for 40 cycles
(amplification step). With completion of the PCR cycling
steps, the post-readings were obtained and described ac-
cording to the software of the real-time PCR instrument
that then plotted. The results of the allelic discrimination
run on a scatter plot of Allele 1 versus Allele 2 were
shown and each well of the 36-well Rotor is represented
as a single point on the plot. Finally, the intensity of fluor-
escence signals was analyzed by Rotor-Gene Q software
series and the readings of allelic discrimination plate were
analyzed then the allele types were detected.

Therapy and follow-up of the enrolled patients
Induction therapy (3 + 7 protocol) was given as follows:
Adriamycin (25 mg/m2 IV/15 min) infusion for 3 days,
after which cytarabine was administered (100 mg/m2/12
h) for 7 days. After achieving CR, the patients were pro-
vided three consolidation courses at monthly intervals as
continuous IV infusion over 3 h on days 1, 3, and 5 with
a dose of ARA-C cytarabine (3 g/m2 every 12 h) [21].
After 3 months of induction and consolidation ther-

apy, patients were evaluated by clinical examination, per-
ipheral blood, and BM aspirate.

Patient’s clinical outcome
Patients were assessed at day 28 of induction therapy
and then classified into the following: (1) complete re-
mission (CR) (BM blasts < 5%, absence of circulating
blasts, absence of extramedullary disease, absolute neu-
trophil count > 1.0 × 109/L, and platelet count > 100 ×
109/L) and (2) partial remission (PR) (all hematologic
criteria of CR; decrease of BM blast percentage to 5–
25% and decrease of pretreatment BM blast percentage
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by at least 50%). The patients were classified according
to the 2017 ELN AML recommendations as follows: fa-
vorable clinical outcome (CR) and unfavorable clinical
outcome (PR and death) [22]. All patients were
followed-up to 6 and 24 months (for living patients) to
assess the prognostic impact of hMICL receptor expres-
sion and WT1 gene polymorphism.

Statistical methods
Results were statistically analyzed using statistical
package of social sciences (SPSS16.00 IBM/SPSS Inc.,
and Chicago, IL). Categorical data were expressed as fre-
quency and percentage, Chi-square test was used to
compare categorical variables or alternatively, and Fish-
er’s exact test was used when Chi-square assumptions
were violated. Normally distributed continuous variables
were expressed as mean and standard deviation (mean ±
SD), Student t test was used for comparing normality
distributed variables, and Kruskal-Wallis or Mann-
Whitney tests were applied for non-parametric equiva-
lent. Overall survival (OS) and relapse risk were esti-
mated by the Kaplan-Meier method. For overall survival,
patients were censored at last follow-up if alive or at the
time of allogeneic transplantation. All survival analyses
were performed using a Cox model regression and ad-
justed on protocol as covariate. A P-value < 0.05 was
considered to indicate statistical significance.

Results
The study included 63 patients with AML, consisting of 36
men and 27 women, with mean age of 47.92 ± 14.64 years.
Splenomegaly was noted in 23 patients (36.5%), hepatomeg-
aly was found in 19 patients (30.2%), while lymphadenop-
athy was observed in 19 patients (30.2%). The mean
survival rate of the patients was 10.29 ± 7.54 (Table 1).
Other laboratory details are summarized in Table 1.
hMICL receptor expression was positive in 55 (87.3%)

patients with AML with a mean ± SD of 64.41 ± 29.67.
Genotyping of WT1 showed that the AA (wild genotype)
was the most prevalent genotype and present in 46
(73%) patients with AML, followed by AG genotype in
15 (23.8%) patients, while the least prevalent genotype is
the GG genotype, which was noted in 2 patients (3.2%)
(Table 2).
Regarding patient’s response to therapy at day 28, 17

patients (27.0%) died, and 20 (31.7%) had CR, while 26
(41.3%) had PR. At 6 months after therapy, 26 (41.3%)
patients died, 11 (17.4%) developed relapse, and 26
(41.3%) achieved CR. At the end of the follow-up period,
37 (58.7%) patients died or developed relapse, while 26
(41.3%) patients maintained CR (Table 3).
In the comparison between WT1 AA (wild) and WT1

mutant (AG + GG) genotypes of patients with AML, CR
was achieved in 17 (100%) patients with mutant (AG +

Table 1 Descriptive demographic, clinical data of 63 cases of
AML

Parameters AML cases (N = 63), N (%)

Gender Male 36 (57.1)

Female 27 (42.9)

Hepatomegaly Normal 44 (69.8)

Enlarged 19 (30.2)

Splenomegaly Normal 40 (63.5)

Enlarged 23 (36.5)

Lymph node Normal 44 (69.8)

Enlarged 19 (30.2)

WHO Classification M0 4 (6.3)

M1 (NOS) 14 (22.2)

M2 (NOS) 27 (42.9)

M4 (NOS) 3 (4.8)

M5 14 (22.2)

M7 1 (1.6)

Age (years) Mean ± SD 47.92 ± 14.64

Hemoglobin (g/dl) Mean ± SD 7.79 ± 1.69

TLC (× 109/L) Mean ± SD 46.51 ± 59.81

Platelets (× 109/L) Mean ± SD 69.37 ± 53.59

Blast cells (%) Mean ± SD 59.48 ± 23.83

LDH (IU/dl) Mean ± SD 676.11 ± 615.57

ALT (IU/dl) Mean ± SD 31.22 ± 17.66

AST (IU/dl) Mean ± SD 26.29 ± 12.06

Creatinine (mg/dl) Mean ± SD 1.60 ± 1.37

BUN Mean ± SD 31.57 ± 20.67

Survival/month Mean ± SD 10.29 ± 7.54

N number, SD standard deviation, N number, TLC total leucocytic count

Table 2 Frequency of immunophenotyping, hMICL, and WT1
genotyping in AML cases

Parameters AML cases (N = 63)

Positive cases (%) Negative cases (%) Mean ± SD

CD33 58 (92.1) 5 (7.9) 54.54 ± 23.07

CD13 54 (85.7) 9 (14.3) 53.56 ± 25.85

CD14 7 (11.1) 56 (88.9) 18.00 ± 13.42

CD117 44 (69.8) 19 (30.2) 38.83 ± 24.85

MPO 53 (84.1) 10 (15.9) 51.00 ± 26.01

CD34 37 (58.7) 26 (41.3) 34.51 ± 27.79

HLA-Dr 63 (100) 0 (0) 40.40 ± 24.28

HMICL 55 (87.3) 8 (12.7) 64.41 ± 29.67

WT1 genotypes

AA 46 (73.0)

AG 15 (23.8)

GG 2 (3.2)
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GG) genotypes but only in 6.4% of patients with wild
genotype (AA) (p = 0.001). After 6 months, CR was re-
corded in 15 (88.2%) patients with mutant WT1 type,
which is more significant than in patients with wild type
(23.4%) (p = 0.001).
The final response event to therapy showed that pa-

tients with mutant type significantly achieved higher CR
(88.2%) than patients with wild type (21.3%), while death
and relapse were more frequent in patients with wild
subtype (p = 0.001).
In contrast, all other parameters (age, sex, organome-

galy, lymphadenopathy, AML phenotype, and other
AML-IPT panels) were not different between mutant
and wild types, except for CD117, which showed mar-
ginal significant relationship (p = 0.047) to patients with
AA genotype (wild type) (Table 4).
Correlations between hMICL receptor expression and

data of patients with AML revealed that eight (100%) pa-
tients with negative hMICL receptor expression achieved
CR at day 28 of therapy, which is significantly increased
compared to 12 (21.8%) with positive expression (p <
0.001).
At 6 months, all negative cases for hMICL receptor

expression had maintained CR, which is significantly in-
creased compared to cases with positive expression (p =
0.001). The final event of therapy response recorded that
all negative cases of hMICL receptor expression were
still in CR.
Splenomegaly was more frequent among positive cases

of hMICL receptor expression (36 [65.5%]). On the other
hand, there was no statistically significant relation
between hMICL receptor expression and other clinical
features of patients such as age, sex, hepatomegaly,
lymphadenopathy, AML phenotype, and other IPT
panels, except for Table 5.
As shown in Table 6, there was no statistically signifi-

cant difference between WT1 genotypes and other data
(age, sex, and laboratory data). There was a significant

increase in the survival months in patients with mutant
genotypes (GG and AG) compared to patients with wild
type (AA) (18.9 ± 4.6 months vs. 7.1 ± 5.7 months and
p-value = 0.001) (Fig. 1).
There was a significant decrease in blast count in

patients with positive hMICL receptor expression
compared to that in patients with negative expression (p
= 0.02 and p = 0.001 respectively). No significant differ-
ence was found between other data (age, sex, and labora-
tory data) and hMICL receptor expression (Table 6).
Overall survival (OS) in patients who had positive

hMICL receptor expression was 8.6 ± 6.5 months, which
was significantly shorter compared to that in patients
with negative hMICL receptor expression (χ2 = 9.328, p
= 0.002) (Fig. 2).

Discussion
CN-AML is the largest cytogenetic group of AMLs. Un-
derstanding the pattern of gene mutation in this patient
group has an increasing influence on prognosis, treat-
ment, and options for MRD [4]. WT1 is highly expressed
in various types of leukemia, which has advanced its pos-
ition as both a target for immunotherapy and a means of
monitoring MRD [23].
The most important issue of the IPT in AML is the

lack of constancy of antigen expression during the
disease and that antigen densities for many antigens
are identical on leukemic blasts and normal progeni-
tors [24].
hMICL is a stable marker at diagnosis and during

follow-up and is homogenously present on the CD34-
positive patients, who can be otherwise poorly lineage-
characterized IPT and difficult to monitor for MSD [25].
The current study investigated the relationship be-

tween WT1 genotypes and the promising marker hMICL
receptor expression in 63 patients with CN-AML and
determined the treatment outcome in these patients.
Regarding genotyping of WT1, the current study

showed that the minor (mutant) allele of WT1 SNP
rs16754 was found in 26.89% of patients with AML at
the heterozygous state (AG), and in 23.8% of patients
with homozygous state (GG), while the wild type (AA)
was reported in 57.14% of patients with AML.
These frequencies are like those previously reported

by Renneville et al. [26], who found that the minor allele
of WT1 SNP rs16754 was expressed in 141 of 511
(27.6%) patients, at the heterozygous state (AG) in 123
patients (24%) and homozygous state (GG) in 18 pa-
tients (3.6%).
The same frequencies were reported by Hollink et al.,

Damm et al., and Ho et al. [27–29] However, in an old
study by King-Underwood and Pritchard-Jones, they re-
ported that mutations in WT1 occurred in only 10–15%
of patients [30].

Table 3 Response to therapy and patient’s outcome in all AML
cases

Parameters AML cases (N = 63)

Outcome N (%)

Response at 28 days: Died 17 (27.0)

CR 20 (31.7)

PR 26 (41.3)

Response at 6 months: Died 26 (41.3 )

Relapse 11 (17.4)

CR 26 (41.3)

Response at 24 months Died or relapse 37 (58.7)

CR 26 (41.3)

CR complete remission, PR partial remission
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In the current study, CR was achieved in all AML
cases with mutant AG plus GG WT1 genotypes. Also,
the OS in mutant WT1 was significantly longer com-
pared to that in wild type (AA). These findings suggest a
favorable outcome for patients with mutant WT1
genotypes.
Our results agreed with those of Megías-Vericat et al.

who reported in their meta-analysis that both 5 years
survival and disease-free survival (DFS) were significantly

higher in patients with the variant allele (G) although
they did not find any significant effect of this variant on
CR [1]. Similar results were reported by Long et al. [11]
and Petiti et al. [31].
Similarly, two studies by Damm et al. and Ho

et al., one performed in adult CN-AML and the
other in pediatric AML, reported that the minor
allele of WT1 SNP rs16754 significantly improved
clinical outcome [28, 29].

Table 4 Comparison between WT1 genotyping and AML patients’ data

Parameters Variables WT1 (N = 63) P value

GG + AG (mutant) (N = 17) AA (wild) (N = 46)

Gender Male 8 (47.1%) 28 (60.9%) 0.395

Female 9 (52.9%) 18 (39.1%)

Liver Normal 12 (70.6%) 32 (69.6%) 0.937

Enlarged 5 (29.4%) 14 (30.4%)

Spleen Normal 10 (58.8%) 30 (62.2%) 0.770

Enlarged 7 (41.2%) 16 (34.8%)

Lymph node Normal 9 (52.9%) 35 (70.1%) 0.076

Enlarged 8 (47.1%) 11 (23.9%)

Response (28 days) Died 0 (0%) 17 (36.9%) 0.001

CR 17 (100%) 3 (6.4%)

PR 0 (0%) 26 (56.5%)

Response (6 months) Died 1 (5.9%) 25 (54.3%) 0.001

CR 15 (88.2%) 11 (23.4%)

Relapse 1 (5.8%) 10 (21.7%)

Response (24 months) Died or relapse 2 (11.8%) 36 (78.3%) 0.001

CR 15 (88.2%) 10 (21.3%)

AML subtype M0 2 (11.8%) 2 (4.3%) 0.139

M1 5 (29.4%) 9 (19.6%)

M2 8 (40.1%) 19 (41.3%)

M4 0 (0%) 3 (65.2%)

M5 1 (5.9%) 13 (28.3%)

M7 1 (5.9%) 0 (0%)

Immunophenotyping CD33- 3 (17.6%) 2 (4.3%) 0.117

CD33+ 14 (82.4%) 44 (95,6%)

CD13- 2 (11.8%) 7 (15.2%) 0.542

CD13+ 15 (88.2%) 39 (84.8%)

CD14- 15 (88.2%) 41 (89.1%) 0.615

CD14+ 2 (11.8%) 5 (10.9%)

CD117- 2 (11.8%) 17 (36.2%) 0.047

CD117+ 15 (88.2%) 29 (61.7%)

MPO- 5 (39.4%) 5 (10.9%) 0.085

MPO+ 12 (60.6%) 41 (89.1%)

CD34- 6 (35.3%) 20 (34.5%) 0.386

CD34+ 11 (64.7%) 26 (56.5%)

CR complete remission, PR partial remission
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However, a large cancer and leukemia group study re-
ported by Becker et al. found that patients with CN-
AML who had the rs16754 (WT1GG) genotype had a
more favorable outcome among a subset of patients with
FLT3-ITD [32].
Choi et al. in a Korean cohort study revealed that the

different genotypes of rs16754 did not have any signifi-
cant impact on clinical outcome in CN-AML [33].

Similarly, Rennevill et al., Ramzi et al., and Marcucci
et al. found no significant difference between patients
with wild and variant alleles based on CR and relapse as
well as OS and DFS and adults and Hollink et al. found
no prognostic impact of this SNP in pediatric AML
[26, 27, 34, 35]. This difference can be explained by
differences in sample size, laboratory methods racial,
and age variations.

Table 5 Comparison between hMICL expression and AML patients’ data

Parameters Variables HMICL (N = 63) P value

Negative (N = 8) Positive (N = 55)

Gender: Male 4 (50%) 23 (41.8%) 0.473

Female 4 (50%) 32 (58.2%)

Liver Normal 6 (75 %) 38 (69.1%) 0.545

Enlarged 2 (25%) 17 (30.1%)

Spleen Normal 4 (50%) 36 (65.5%) 0.0318

Enlarged 4 (50%) 19 (34.6%)

Lymph node Normal 5 (62.5%) 39 (70.9 %) 0.455

Enlarged 3 (37.5%) 16 (29.1%)

Response (28 days) Died 0 (0%) 17 (30.9%) 0.001

CR 8 (100%) 12 (21.8%)

PR 0 (0%) 26 (47.3%)

Response (6 months) Died 0 (0%) 26 (47.3%) 0.001

CR 8 (100%) 11 (20.0%)

PR 0 (0%) 18 (32.7%)

Response (24 months) Died or relapse 0 (%) 37 (67.3%) 0.001

CR 8 (100%) 18 (32.7%)

AML subtype M0 1 (12.5%) 3 (5.5%) 0.138

M1 2 (25%) 12 (21.8%)

M2 3 (37.5%) 24 (43.6%)

M4 0 (0%) 3 (5.5%)

M5 1 (12.5%) 13 (23.6%)

M7 1 (12.5%) 0 (0%)

Immunophenotyping CD33- 1 (12.5%) 4 (7.3%) 0.505

CD33+ 7 (87.2%) 51 (92.7%)

CD13- 2 (25%) 7 (12.7%) 0.320

CD13+ 6 (75%) 48 (87.3%)

CD14- 6 (75%) 50 (90.9%) 0.214

CD14+ 2 (25%) 5 (9.1%)

CD117- 2 (25%) 17 (30.9%) 0.545

CD117+ 6 (75%) 38 (69.1%)

MPO- 3(37.5%) 7 (12.7%) 0.106

MPO+ 5 (62.5%) 48 (87.3%)

CD34- 4 (50%) 22 (40%) 0.433

CD34+ 4 (50%) 33 (60%)

CR complete remission, PR partial remission
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Niavarani et al. found good prognostic effect of
another WT1 mutation, which is WT1 rs2234593
variant mutation. This supports our finding that
exon 7 mutation of this gene carries good prognosis
for CN-AML [21].
On the contrary, King-Underwood and Pritchard-

Jones suggested that WT1 mutation may represent a
poor prognostic indicator in AML [30]. In support of
this study, Nyvold et al. noted the emergence of a WT1-
mutated subclone following therapy, suggesting that
mutation of WT1 could lead to progression of leukemia
by conferring drug resistance [36]. Furthermore,
Fitzgibbon et al. reported an association between

acquired uniparental disomy of 11p and homozygous
mutation of WT1 in patients with AML [37].
Owen et al. found a possible negative impact in

AML with concurrent WT1 and FMS-like tyrosine
kinase 3 (FLT3)-internal tandem duplication (ITD)
mutations [38]. This discrepancy may be explained by
three reasons: First, their AML cases had FLT3-ITD
in addition to WT1 mutation and combined cytogen-
etic abnormality. Second, they used a clustering of
mutations to exons in WT1 by fluorescence-based ca-
pillary electrophoresis analysis, which has provided
different results. Lastly, their group included AML
and ALL together in the survival analysis.

Table 6 Comparison between WT1 genotyping and hMICL expression to basal laboratory data of AML patients

Parameters
(M ± SD)

WT1 (N = 63) P value HMICL (N = 63) P value

GG + AG (N = 17) AA (N = 46) Negative (N = 8) Positive (N = 55)

Age 49.1 ± 16.5 47.5 ± 14.1 0.719 54.4 ± 17.8 47.0 ± 14.0 0.292

TLC 47.1 ± 45.9 56.2 ± 54.3 0.951 64.0 ± 61.0 54.0 ± 50.0 0.408

HB 8.1 ± 1.8 7.7 ± 1.6 0.477 7.6 ± 1.6 7.8 ± 1.7 0.758

Platelets 92.5 ± 60.9 81.2 ± 72.5 0.654 87.3 ± 73.1 75.2 ± 66.7 0.680

Blast count 63.6 ± 22.7 57.9 ± 24.3 0.392 75.7 ± 17.2 57.1 ± 23.8 0.020

LDH 882 ± 714 600 ± 564 0.154 927 ± 873 647 ± 563 0.522

ALT 29.6 ± 15.8 31.8 ± 18.4 0.649 35.8 ± 16.3 30.5 ± 17.8 0.415

AST 23.3 ± 7.9 27.4 ± 13.1 0.148 23.5 ± 10.2 26.7 ± 12.3 0.439

Creatinine 1.4 ± 0 .9 1.7 ± 1.5 0.414 1.1 ± 0.8 1.7 ± 1.4 0.142

BUN 26.8 ± 13.7 33.3 ± 22.6 0.168 24.3 ± 13.0 32.6 ± 21.4 0.154

Survival (months) 18.9 ± 4.6 7.1 ± 5.7 0.000 21.8 ± 2.0 8.6 ± 6.5 0.001

Fig. 1 Kaplan-Meier survival curve in AML patients with wild and mutant WT1 genotypes
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Of note, WT1 SNP rs16754 status did not correlate
with the total WT1 messenger ribonucleic acid
(mRNA) expression level in two previous studies [28,
29]. In addition, the SNP of WT1 (rs16754) consists
of the replacement of a CGA by a CGG codon,
which is used two times more often than the CGA
to encode arginine.
Thus, the presence of the WT1 SNP rs16754 is in-

creasing the rate of translation, which potentially affects
protein folding. The location of WT1 rs16754 in exon 7
SNP rs16754 may not affect the splicing process [26].
The role of SNP rs16754 cannot exclude its possibility

in linkage disequilibrium with another genetic aberration
that affects drug metabolism and sensitivity. Confound-
ing factors related to patient and disease characteristics,
such as age, study restriction to CN-AML, and other ac-
companying genetic alterations may account for the dis-
cordant results recorded regarding the impact of WT1
SNP rs16754 genotype on prognosis.
Differences in treatment protocols between coopera-

tive groups may also be responsible for these contradict-
ory results. The various dosages of cytarabine in post-
remission treatment for AML were shown to be related
to somatic molecular abnormalities Rat Sarcoma Viral
Oncogene (RAS) mutations [39]. One can hypothesize
that leukemic cells harboring WT1 SNP rs16754 minor
allele may be more sensitive to treatment by cytarabine,
which was used in our current study.
Additionally, no significant relationship was detected

between pretreatment patient parameters (age, sex, orga-
nomegaly, lymphadenopathy, AML phenotype, or other
AML-IPT panels) and mutant or wild type. In agreement

with our findings, Renneville et al. [26] and Schmid and
his colleagues failed to correlate WT1 gene expression
with other features of leukemia [40].
In the current study, we found that hMICL receptor

expression was positive on leukemic cells in most pa-
tients with CN-AML. In agreement with our finding,
van Rhenen et al. acknowledged hMICL as a surface
antigen expressed on aCD34-positive AML and consid-
ered the antigen as a possible target in antibody-
mediated therapy [41]. Several studies suggest that the
routine use of hMICL can increase the value of FCM in
diagnosis of AML [42].
Furthermore, Larsen et al. reported that hMICL was

found in approximately 92% of studied patients with
AML patients. Also, they reported that it was absent
on lymphoid blast cells in all studied cases suggesting
its specificity and potential value as a marker to
discriminate AML from ALL in a routine FCM exam-
ination and revealed the validity of this antigen as a
stable pan-AML marker that can increase both the
diagnostic accuracy and MRD marker identification
by FCM in AML cases during therapy and treatment
follow-up [14].
To explore the prognostic impact of hMICL expres-

sion, response to treatment analysis revealed that all pa-
tients with negative hMICL expression achieved CR at
day 28 of therapy and maintained CR till the end of
follow-up period (24 months).
However, there was no statistically significant differ-

ence between hMICL expression and patients features,
such as age, sex, hepatomegaly, lymphadenopathy, AML
phenotype, and other IPT panels.

Fig. 2 Kaplan-Meier survival curve in AML patients with positive and negative hMICL receptor expressions
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In agreement with our results, Bakker et al. re-
corded no significant difference between hMICL ex-
pression and different FAB subtypes studied, except
for M3 cases, which recorded the highest expression
of hMICL [43].
The OS was significantly longer in patients with

negative hMICL expression compared to patients with
positive hMICL expression. This suggested its important
role in the selection of cases with good response to
therapy.
In contrast to our results, Roug et al. found no

relationship between disease remission and hMICL
percentage expression [15]. Also, Eissa et al. found stable
expression of hMICL through the disease and ques-
tioned the value of hMICL-based IPT in detection of
treatment failure, which unfortunately happens in most
patients with AML [44].
The current study had some limitations due to the small

number of patients and short follow-up period so a larger
study with longer follow-up period is recommended.

Conclusion
WT1 SNP rs16754 has significant impact on clinical
outcome of CN-AML. This would allow rapid selec-
tion of patients with good prognosis suitable for
chemotherapy protocol. Because of conflicting data in
the literature, further large-scale studies are needed to
clarify the relationship between WT1 mutations and
treatment outcome in AML to firmly establish their
prognostic significance in AML. Additionally, the
current data identify hMICL as an AML-associated
antigen and establish its possible applicability for
diagnosis and prognosis of patients with AML in a
standard FCM setting.
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