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Abstract: IKZF1 is an essential tumor suppressor that regulates the mechanisms of tumorigenesis and leukemo-
genesis. IKZF1 polymorphisms have been previously identified with the risk of childhood acute lymphoblastic leu-
kemia (ALL). In this study, we aimed to explore the potential functional polymorphism located in the 3'UTR of IKZF1
to evaluate its relationship with a risk for ALL in Chinese children. In this study, total 570 children diagnosed with
ALL and 670 controls were enrolled in the study. The miR-binding SNPs of IKZF1 gene were screened through the
loss-or-gain strategy and genotyped using TagMan allelic discrimination assays. Parental alcohol consumption and
house painting status had significantly different distributions among the cases and controls through the question-
naire survey. The genotype distribution revealed the G to A polymorphism (rs11552046) which indicated an in-
creased risk for ALL. This risk was also associated with the percentage of blast cells and total number of white blood
cells (WBC). IKZF1 with AA genotype presented a higher binding ability by miR-1976, causing a relatively decreased
expression level of IKZF with GA or AA genotype. In conclusion, the rs11552046 in IKZF1 was highly associated with
an increased risk of childhood ALL in a Chinese population and might serve as a novel biomarker for the disease.
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Introduction

Acute leukemia consists of a group of heteroge-
neous malignancies in which immature and
dysfunctional hematopoietic progenitors prolif-
erate and accumulate in the bone marrow [1,
2]. Acute lymphoblastic leukemia (ALL), the
most common cancer among children, is a
clonal hematological disease in which undiffer-
entiated or poorly differentiated lymphocytes
proliferate indefinitely in hematopoietic tissue
[3, 4]. Approximately 85% of all pediatric ALL is
B-lineage ALL [5, 6]. In developing countries,
including India, cure-rates of children with can-
cer is inferior (~10-30%) compared to high-
income countries (~80%) [7, 8]. In the remain-
ing 15-20% of pediatric ALL patients, relapse is
the major cause of death [9]. Most genetic
association studies of ALL have focused on
candidate genes, primarily those implicated in
the metabolism of carcinogens, folate metabo-

lism, immune function, and cell-cycle regulation
[10, 11]. Epidemiological studies have assessed
the role of environmental factors in the patho-
genesis of childhood ALL however these factors
alone appear to make a relatively minor contri-
bution to disease risk [12]. Recent genome-
wide association studies (GWAS) have identi-
fied common genetic variation near IKZF1 (7p-
12.2), ARID5B (10g21.2), and CEBPE (14q11.2)
that influences ALL risk in non-Hispanic white
populations [3]. The genes identified from the
GWAS play roles in transcriptional regulation
and differentiation of B-cell progenitors [13].
The second GWAS study showed that the
IKAROS family zinc finger 1 (IKZF1) germline
polymorphism rs4132601 is associated with
inherited risk of pediatric ALL [14]. Previous
study from other laboratories also found that
polymorphisms in IKZF1 (7p12.2), ARID5B (10-
g21.2), and CEBPE (14911.2), were associated
with the risk of childhood ALL [15].
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Table 1. Frequency distributions of selected variables
in ALL cases and cancer-free controls

[20]. Altered binding between a miRNA
and its target may also potentially be

associated with various cancers

Cases Controls
Variables (n_57?) (n_67?) P In this study, we focused on the SNPs in
N_ % N % the 3'UTR of IKZF1 by using the bioinfor-
Age (years) matics software with the loss-or-gain
<6 347 609 380 56.7 0.138 strategy. Based on this, we further inves-
>6 223 391 290 433 tigated the association between the
Gender allele distribution and the susceptibility
Male 349 61.2 440 65.7 0.105 of ALL in a case-control study.
Female 221 38.8 230 34.3
) Materials and methods
Parental smoking status
Negative 216 379 290 43.3 0.054 Study subjects
Positive 354 62.1 380 56.7
Parental drinking status The study protocol was approved by the
Negative 348 611 520 77.6 <0.0001 local Ethics Committee of Chlidren’S
Positive 222 389 150 22.4 Hospital of Soochow University, and writ-
House painting status ten informed consent was obtained from
Negative 373 654 527 78.7 <0.0001 all participants prior to data_ collectiqn
Positive 197 346 143 21.3 and the methods were carried out in

“Two-sided chi-square test for analyzing the clinical characteristics of
All cases and cancer-free controls.

The product of the IKZF1 gene is lkaros, a
sequence-specific DNA-binding protein with a
zinc finger motif, which plays a role in immune
homeostasis through the transcriptional regu-
lation of the earliest stages of lymphocyte
ontogeny and the differentiation by both gene
transcriptional activation and repression [16].
IKZF1 encodes the transcription factor Ikaros,
a zinc-finger nuclear protein required for nor-
mal lymphoid development [17]. Deletion of
IKZF1 results in expression of non-DNA-binding
(dominant negative) isoforms of Ikaros, which
appear to collaborate with BCR-ABL1 in the
pathogenesis of ALL and blastic transformation
of CML. IKZF1 deletions have been shown to
have a negative prognostic impact in Ph* ALL,
conferring a shorter disease-free survival even
in the era of combined TKI and chemotherapy
[18].

MicroRNAs (miRNAs) are small, non-coding
RNA molecules that range in 19-25 base pairs
in length and regulate gene expression through
transcriptional repression of target mRNAs
[19]. Previous studies have shown that SNPs
located in miRNA binding sites within the 3'UTR
may affect the binding affinities between a
miRNA and its target mRNA, thus affecting the
expression level and function of the target gene
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accordance with the approved guide-
lines. Subjects ranged in age from 1 to
18 years old. All patients were diagnosed
by Morphology, Immunology, Cytogene-
tics and Molecular Biology (MICM) according to
the established guidelines for diagnosis and
treatment of childhood ALL in China (Society
of Pediatrics, Chinese Medical Association,
2006). Children with other hematological disor-
ders, a previous history of cancer, radiotherapy
or chemotherapy were excluded from this study.
All cases and controls were age- (5 years) and
gender-matched. A questionnaire was adminis-
tered in person to study subjects to collect
demographic data and environmental exposure
information, including the house painting sta-
tus, parental alcohol use and cigarette use
status. Before administering the questionnaire,
we obtained written informed consent from
parents of suitable subjects. Parental drink-
ing status was considered negative if neither
of the parents imbibed alcohol. Parental smok-
ing status was defined as negative if neither
parent smoked during or after the pregnancy.
The house painting status was considered
negative if the house was not painted during
the pregnancy or after birth. A total of 1240
subjects, including 570 ALL patients and 670
controls, were recruited to the study (Table 1).
The total number of white blood cells (WBC)
was obtained through the routine blood exa-
mination.
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SNP selection

Bioinformatics analysis was applied to confirm
the function of miRNA associated SNP in the
3'UTR of IKZF1 which could be regulated by dif-
ferent miRNAs. If SNPs were in high linkage dis-
equilibrium (r>>0.8), we genotyped only one
SNP. For the loss-or-gain strategy analysis, we
got miRNA wild sequence and SNP allele
sequence. Then, we used two target prediction
tools (targetscan http://www.targetscan.org/)
and miranda (http://www.microrna.org) to pre-
dict their target sites respectively. Four catego-
ries of results are recorded as wild targescan
site (WT), wild miranda site (WM), SNP tar-
getscan site (ST) and SNP miranda site (SM). If
one miRNA’s target gene shows in both WT and
WM, but not in either ST or SM, we called that
the miRNA lost this target gene. On the con-
trary, if one target shows in both ST and SM,
but not in either WT or WM, we called that the
mMiRNA gained one target gene.

Genotype

Genomic DNA was extracted from leukocyte
pellets by traditional proteinase K digestion,
followed by phenol-chloroform extraction and
ethanol precipitation. Genotyping was per-
formed with the TagMan SNP Genotyping As-
say. The PCR reactions were carried out in a
total volume of 5 pL containing TagMan Uni-
versal Master Mix, 80X SNP Genotyping Ass-
ayMix, Dnase-free water and 10-ng of genomic
DNA. The PCR conditions were 2 min at 50°C,
10 min at 95°C, followed by 40 cycles at 95°C
for 15 sec and 60°C for 1 min in the 384-well
ABI 7900HT Real Time PCR System.

Real time PCR assay

Total RNA was obtained from tissues using
TRIzol reagent as described by the manufac-
turer (Invitrogen Life Technologies Co, CA, USA).
For mRNA detection, total RNAs (500 ng) were
reverse transcribed using the reverse transcrip-
tion kit (Takara, Tokyo, Japan). GAPDH was
used as an internal control. The qRT-PCR was
performed using ABI Prism 7900HT (Applied
Biosystems, CA, USA) according to the direction
of the reagents. The amplification conditions
were 95°C for 10 minutes, followed by 40
cycles of 95°C for 30 seconds, 55°C for 40 sec-
onds, and 72°C for 30 seconds, and finally 4°C
for 30 minutes for cooling.
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Cell lines and cell culture

Jurkat and 6T-CEM cell lines were purchased
from the Chinese Academy of Sciences Cell
Bank. All cells were cultured in RPMI-1640
(Gibco, USA) supplemented with 10% fetal bo-
vine serum (Invitrogen, Carlsbad, USA) and
grown in humidified 5% CO, at 37°C. The miR-
1976 mimics and normal control were obtained
from Genscript (Nanjing, China). The transfec-
tion was conducted by using Lipofectamine
3000 (Invitrogen Corp, CA, USA).

Construction of luciferase-based reporter plas-
mids

The fragments containing the 3’UTR with the G
or C alleles of SNP rs11552046 were amplified
by Genscript (Nanjing, Jiangsu, China). The PCR
production was cloned into the pGL3-promoter-
less luciferase-based plasmid (Promega, CA,
USA) at the cloning site between BamHI and
Xhol. The amplified fragment was verified by
DNA sequencing with Genscript (Nanjing, Ji-
angsu, China).

Dual-luciferase reporter assay

The 3-UTR sequence of IKZF1 predicted to
interact with miR-1976 or the mutated se-
quence with the predicted target sites were
inserted into the BamHI and Xhol sites of pGL3
promoter vector (Genscript, Nanjing, China).
Jurkat and 6T-CEM cell lines cultured in 24-well
plates were co-transfected with pMIR--REPORT
vectors containing either the wild-type or
mutated IKZF1-3’-UTR segments along with the
control vector, Renilla luciferase reporter vector
(PRL-TK). These Jurkat and 6T-CEM cells were
co-transfected with the precursor microRNAs
for miR-1976 and control group. Assays were
performed to determine the level of gene
expression

Statistical analysis

Statistical analyses were performed using SP-
SS software version 16.0 (Chicago, IL, USA) and
STATA10.0 (San Francisco CA USA). Data nor-
mality of distribution was verified before using
the Student t test. The results for continuous
variables with normal distribution are shown as
mean + standard deviation (SD); otherwise,
data are expressed as median and interquartile
range. Hardy-Weinberg equilibrium of the geno-
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Table 2. Genotype frequencies of the IKZF1 rs11552046 polymorphism

among ALL cases and controls

the mother’s pregnancy
or after the child’s birth

_ - P<0.001).
Genotype Cases (n=570) Controls (n=670) OR (95% Cl) P value (P<0.001)
N % N % Genotype and allele

rs11552046 analysis

GG 512 89.8 653 97.5 1.00

GA 36 6.3 11 1.6 1.11 (1.08-1.44) The genotypic distribu-

AA 22 3.9 6 0.9 1.95(1.41-2.39) <0.001 tion of the IKZF1 rs-

A carrier 58  10.2 17 25 1.78 (1.19-1.96) <0.001 11552046 G>A for cas-

Table 3. Stratified analysis of rs11552046 genotype with clinicopatho-

logical parameters of ALL

es and controls is pre-
sented on Table 2. Ha-
rdy-Weinberg equilibrium
was observed for geno-

Genotype GAvs GG AAvs GG A carrier vs GG type distribution in the

Feather GG GA AA Acarrier PValue P Value P Value CpntI.’o'S'. The genOt_yp?
Age (years) dlstrlb_uthr_w was statisti-
<6 309 21 17 38 0.81 0.11 0.45 cally significant between
-6 203 15 5 20 the case and control
groups (P=0.012). Fur-

Gender ther, logistic regression
Male 310 22 17 39 0.95 0.12 0.32 analysis results reveal-
Female 202 14 5 19 ed that the GA genotype

% of Blast cells and AA genotype pre-
<10% 345 13 3 16 <0.001 <0.001 <0.001 sented a significantly
>10% 167 23 19 42 increased susceptibility
WBC (*109) of ALL as compared wi-
<20 309 13 8 21 0.004  0.025 <0.001 th the GG genotype wi-
>20 203 23 14 37 th the OR=1.11, 95%

“Two-sided chi-square test for either genotype distributions or allele frequencies between

cases and controls.

types for each SNP was tested using a Chi-
square test in control groups. The association
between SNPs and ALL susceptibility was cal-
culated as the odds ratio (OR) and its 95% con-
fidence intervals (Cl) in a multivariable logistic
regression analysis. All statistical tests were
two-sided and P<0.05 was considered statisti-
cally significant. The graphs were generated by
Graphpad Prism 5.0 (Graphpad Software, Inc.).

Results
Subject characteristics

Differences in the distribution of the selected
demographic variables among controls and ALL
were presented in Table 1. No significant differ-
ences in age, sex or parental smoking status
were identified between the case and control
groups. In the case group, there were more par-
ents positive for alcohol consumption (P<
0.001). In addition, significantly more ALL cases
than controls had their house painted during
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Cl=1.08-1.44; OR=1.95,
95% Cl=1.41-2.39, res-
pectively (P=0.014). Be-
sides, the A carrier also
indicated an increased susceptibility (P<0.001),
indicating that the GA/AA genotype was associ-
ated with an increased risk of childhood ALL.

In a further analysis, we observed an associa-
tion between the rs11552046 polymorphism
and clinicopathological parameters of ALL
(Table 3). The combined GA/AA genotype was
associated with a significantly increased risk
for the percentage of blast cells and the total
number of WBC in ALL children. No significant
association, however, was identified regarding
the age or gender.

The miR-1976 could bind with the 3’UTR of
IKZF1 with C allele

As predicted by bioinformatics analysis, the
potential binding site of miR-1976 in the 3'UTR
of IKZF1 was predicted in Figure 1A. Using
RT-PCR, a significant difference in the IKZF1 ex-
pression levels of patients carrying GG, GA and
AA genotype was observed (Figure 1B). The
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Figure 1. The miR-1976 binding site could be abolished by SNP located in the 3’UTR of IKZF1. A: The potential
binding site of miR-1976 in the 3’UTR of IKZF1. B: Relative expression level of IKZF1 was determined by RT-PCR in
patients with GG, GA and AA genotypes. C and D: Relative luciferase expression levels obtained from pMIR-REPORT
miRNA expression vectors with GG genotype or AA genotype of IKZF1 3'UTR regions following co-transfection with
precursors of control or miR-1976, and the Renilla control vector were calculated as the ratio of firefly/renilla lucifer-
ase activities in the cells and normalized to those of the control. Data was presented as the mean + SEM. *indicates

a significant difference (P<0.05).

expression levels of the GA carriers and the AA
carriers were higher than those of GG carriers.

To determine if the rs11552046 polymorphism
affected the potential binding of miRNAs to the
3'UTR of IKZF1 mRNA, Jurkat and 6T-CEM cells
were transiently transfected with the IKZF1
3'UTR luciferase construct, containing either
the wildtype G allele or the mutant A allele.
Relative activities were measured with a Dual-
Glo Luciferase Reporter Assay System. Cotran-
sfection of the luciferase vector with the 3’'UTR
of IKZF1 containing the mutated A allele and
Hsa-miR-1976 into Jurkat cells significantly al-
tered the luciferase expression level compared
with the reporter plasmid containing the wild-
type allele. While the mutant allele construct
showed reduced luciferase in the presence of
miR-1976, luciferase levels in the wild allele
construct in the presence of miR-1976 did not
appreciably change (Figure 1C). The same
results were observed in 6T-CEM cells (Figure
1D). Thus, we conclude that the rs11552046
polymorphism alters the binding affinity of miR-
1976, with the 3’UTR of IKZF1 mRNA.

Discussion

Acute lymphoblastic leukemia is a multifactori-
al disease influenced by genetic and environ-
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mental factors [21]. In this study we investigat-
ed whether SNPs which were previously report-
ed in GWAS studies influence the risk of ALL in
the Han Chinese population. High CRLF2 mRNA
expression and IKZF1 deletions were associat-
ed with low survival rates in pediatric BCP-ALL
[22]. Among patients with IKZF1 deletion, those
with p210 transcripts had significantly shorter
DFS than those with p190 transcripts (p<
0.0001) [23]. Notably, Chiaretti et al. recently
reported worse outcomes among p210 Ph* ALL
patients treated with a dasatinib-based proto-
col, associated with a lower susceptibility to
TKI, lower blast clearance, and greater inci-
dence of relapse [24]. Novel strategies to target
IKZF1 are being examined. In a recently report-
ed high content screening of hundreds of FDA-
approved compounds, retinoid receptor ago-
nists were found to reverse the leukemogenic
phenotype driven by IKZF1 alterations [25].
IKZF1, which encodes lkaros, is the founding
member of a family of zinc finger transcription
factors required for the development of all lym-
phoid lineages. IKZF1 alterations are present in
more than 70% of BCR-ABL1 lymphoid leuke-
mias and have been associated with poor prog-
noses in BCR-ABL ALL [26]. Evidence from
homozygous mutant mice have shown that
deletion of IKZF1 leads to a rapid development
of leukemia [27].

Int J Clin Exp Med 2019;12(8):10776-10782
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Here in this study, we identified the rs115520-
46 polymorphism located in the 3'UTR of IKZF1
and investigated its association with childhood
ALL in a Han Chinese population. This polymor-
phism has never been examined in relationship
with diseases. We found that the G to A muta-
tion of rs11552046 significantly increased the
risk of ALL. The expression levels of IKZF1
MRNA were significantly lower in the patients
carrying either the GA or AA genotype, as com-
pared to patients carrying the GG genotype.
Furthermore, a dual-luciferase reporter assay
suggested that the A allele significantly affect-
ed the binding affinity of miR-1976 to the IKZF1
3'UTR, which would ultimately affect the IKZF1
transcript stability. These data indicate that the
rs11552046 polymorphism might serve as a
novel biomarker in assessing childhood ALL
risk.
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