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Background: Different types of miRNA were discovered to have a big role now in many diseases and cancer.
Objectives: This study assessed the association between the miRNA-196a2 (rs 11614913) polymorphism and acute
lymphoblastic leukemia (ALL) in children.

Design: Retrospective case-control study.

Settings: This study was done in Benha University Hospital Pediatric Department & Benha Specialist Hospital for
Children from May 2019 to February 2020.

Subjects and methods: Blood DNA samples from cases and control children were studied for the miRNA-196a2
(rs11614913) polymorphism using Polymerase Chain Reaction-Restriction Fragment-Length Polymorphism
(PCR-RFLP) approach.

Sample size: 100 childhood ALL patients and 60 apparently healthy children as control were recruited in our
study.

Results: The frequency of miRNA-196a2 (rs 11614913) C allele was 56.7% in control compared to 54% in cases.
In addition there was no significant association between CC or TT genotypes and susceptibility of pediatric acute
lymphoblastic leukemia (P = 0.74 and 0.36). There was statistically highly significant increase in TT genotype in
males compared to females and significant increase in mean of LDH and ESR in TT genotype compared to CC
genotype.

Conclusion: We concluded there was no association between miRNA-196a2 genotypes and pediatric acute

lymphoblastic leukemia in Egypt.
Limitations: Small patient sample size.

1. Introduction

Acute lymphoblastic leukemia (ALL) is known to be a hematological
heterogeneous disease which is characterized by the multiplication of
immature lymphoid cells within the bone marrow, peripheral blood, and
further organs. Its incidence represents 75%-80% of acute leukemias in
children (Brown et al., 2020).

Childhood ALL is the commonest malignancy found in children and
adolescents and is characterized by a wide range of clinical and bio-
logical heterogeneity which is widely sustained by a diverse background
of disease initiating and maintaining frequent structural and/or nu-
merical genetic mutations acquired by the leukemic clone (Stanulla
et al., 2020).

Etiology of ALL is not yet known, but a lot of factors are involved in
the causality of ALL. When we talk about risk factor, pediatric ALL is
related to some genetic syndromes, ionizing radiation, and genetic
susceptibility. Environmental exposure factors play a part in the accu-
mulation of somatic mutations in children (Farokhian et al., 2020).

microRNAs (miRNAs) is a small non-coding RNAs (ncRNAs) of about
22 nucleotides in size, it plays significant roles in gene regulation. Their
dysregulation is involved in human diseases including cancer, miRNAs
could play roles in the cancer development, contribute in the process of
tumor immunity and can be used as biomarkers for the diagnosis and
prognosis (He et al., 2020). Multiple studies have shown association of
miRNA SNPs with cancer and other diseases (Dzikiewicz-Krawczyk,
2015).

Abbreviations: ALL, acute lymphoblastic leukemia; miRNAs, microRNAs; ncRNAs, non-coding RNAs; PCR-RFLP, Polymerase Chain Reaction-Restriction Fragment-

Length Polymorphism; SNPs, single nucleotide polymorphisms.
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Multiple evidences in the recent years have shown that miRNA-
196a2 (rs11614913) may play a role in the development of many can-
cer types, like lung, gastric, breast, colorectal, gallbladder cancer and
head and neck cancer and prostate cancers (Chen et al., 2020; Liu et al.,
2018). As for childhood ALL, there are only few published studies, which
show that variant C allele contributes to an increased risk of childhood
ALL (Chen et al., 2020; Rakmanee et al., 2017; Tong et al., 2014).

miRNA-196a gene is located at a region between HOXC10 and
HOXC9 on chromosome 12 (12q13.13). The miRNA-196a2 SNP
rs11614913 located in the mature sequence of miRNA-196a2 and
negatively influence endogenous processing of miRNA precursor to its
mature form (Deghady et al., 2019).

An updated meta-analysis concluded that the rs11614913 poly-
morphism conferred a reduced susceptibility to lung cancer (homozy-
gote comparison, recessive model) and hepatocellular carcinoma (allelic
contrast, homozygote comparison, recessive model) or an increased
susceptibility to HNC (allelic contrast, homozygote comparison), also
may contribute to the development of cancer, a candidate marker for the
diagnosis of these cancers, and could also be a potential protective factor
for cancer risks (Liu et al., 2018).

miRNA-196a2 T allele is associated with decreased cancer risk in
overall population and studies on Asian populations. It is also associated
with a decreased risk of gynecological cancers, ovarian, breast and he-
patocellular cancer (Choupani et al., 2019).

Unfortunately, to date, the association of miRNA-196a2 poly-
morphism and acute lymphoblastic leukemia is still unclear (Farokhian
et al., 2020). Therefore, this study aims to investigate the association
between miRNA196a2 polymorphism and acute lymphoblastic leuke-
mia in children.

2. Subjects and methods
2.1. Study subjects

This research was 160 case-control study including 100 childhood
ALL patients their age ranged from 3 to 15 years old with no other he-
matological diseases or therapy related malignancy recruited from pe-
diatric department in Benha University Hospital and Benha Children
Specialist Hospital and 60 apparently healthy children as control for
cases with matched age and sex recruited from surrounding siblings and
relatives from the same city (Benha City) from May 2019 to February
2020. Patients were assessed by initial white blood cell count, all cases
were morphologic, immunologic and cytogenetically proven, also clin-
ical and demographic data including age and sex were retrospectively
studied.

All participants' parents/guardians signed an informed written con-
sent before joining the study for which approval of the Medical Ethical
Committee for Human Research in Benha University was granted.

2.2. Sample collection

Venous blood was withdrawn from each participant under complete
aseptic conditions, then each blood sample was divided into 3 parts: 1st
part in K3-EDTA tube then divided into 2 aliquots one used for complete
blood count and immunophenotyping and the other was stored at
—20 °C for subsequent DNA extraction, 2nd part in sodium citrate tube
for ESR and 3rd part in a plain tube, were left for clotting at 25 °C for 30
min to be then centrifuged at 1500 rpm for 15 min at room temperature
for clinical chemistry tests.

2.3. DNA extraction

Genomic DNA was extracted from peripheral whole blood on EDTA
tube, using G-Spin™ Total DNA Extraction Kit (iNtRON, cat. no. 17045,
lot. no. 15250850; Korea) following the instructions of the
manufacturer.
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2.4. Genotyping of the miRNA196a2 (rs11614913) polymorphism

The single nucleotide polymorphism of miRNA-196a2 (rs11614913)
(T>C) was performed by Polymerase Chain Reaction Restriction Frag-
ment Length Polymorphism (PCR-RFLP) analysis. Genotyping of
miRNA-196a2 (rs11614913) (T>C) polymorphism was done using for-
ward primer 5 CCC-CTT-CCC-TTC-TCC-TCC-AGA-TA 3’ and reverse
primer 5 CGA-AAA-CCG-ACT-GAT-GTA-ACT-CCG 3'. Extracted DNA
was amplified by 2xEasy Taq PCR SuperMix (Transgenbiotech, cat. no.
AS111; lot #M31009, Beijing, China).

The amplification of DNA was done in a 50 pl mixture containing 5 pl
of DNA, 2 pl of forward primer, 2 pl of reverse primer, 25 pl of 2xEa-
syTaqg®PCR Super Mix and 16 pl nuclease free water. The PCR was
performed in Thermal cycler (applied biosystems-Model#9902-
Singapore). The PCR protocol was the initial denaturation of 94 °C for
5 min followed by 35 cycles of 94 °C for 1 min, 55 °C for 1 min, 72 °C for
2 min with a final extension at 72 °C for 10 min.

The PCR product were detected before digestion by MspI by elec-
trophoresis on 2% agarose gel, stained with ethidium bromide and then
visualized using Ultra-Violet Light Transillumination to ensure presence
of DNA.

2.5. Polymerase Chain Reaction-Restriction Fragment Length
Polymorphism (PCR-RFLP)

The amplified targeted DNA was digested by (Mspl) restriction
enzyme (BioLabs, New England) (lot no: 10026225). Products were
separated by gel electrophoresis on 2% agarose gel and stained with
ethidium bromide.

The product presented three different patterns as in Fig. 1; the
different genotypes were identified as follows:

1. A single 149 bps fragment indicated the wild-type TT-genotype.

2. Two products of 125 and 24 bps indicated the homologous variant
CC genotype.

3. Three products of 149, 125 and 24 bps indicated the heterozygous
variant CT genotype.

2.6. Statistical analysis

These data were tabulated and analyzed using the computer program
SPSS (Statistical package for social science) version 26 (SPSS Inc., Chi-
cago, IL, USA) the significance of difference was tested using one of the
following tests: Student's t-test: Used to compare mean of two groups of
quantitative data, inter-group comparison of categorical data was per-
formed by using Chi square test (Xz—value) and Z test: used to compare
proportion between two groups of qualitative data. A P value <0.05 was
considered statistically significant (*) while >0.05 statistically insig-
nificant P value <0.01 was considered highly significant (**) in all
analyses.

3. Results

The present study included 100 childhood ALL patients and 60
apparently healthy children as control groups. Mean age of studied
group was 6.97 + SD2.93 years, while age of matched control group was
7.21 + SD2.81 years. Among ALL group 74% had splenomegaly, their
immunophenotyping showed 82% with pre-B ALL and 18% with T-ALL,
while 88% with normal karyotyping, 8% had translocation and 4% with
hyperdiploidy as their karyotyping results. The data of follow up showed
90% with remission and 10% had relapse.

Concerning laboratory data in our study ALL group had significantly
higher increase in the mean of WBCS (mean + SD) (16,258.0 + 12,641.5
X 109/L) (P < 0.001), and the mean of SGPT (mean =+ SD) (33.5 + 19.45
U/ml) (P < 0.001), SGOT (mean =+ SD) (41.8 + 22.5 U/ml) (P < 0.001),
ESR (mean + SD) (88.32 + 16.21 mm/h) (P < 0.001), LDH (mean + SD)
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Fig. 1. Analysis of miRNA-196a2 (rs116114913) polymorphism.

Agarose gel electrophoresis showing PCR-RFLP analysis of miRNA-196a2 gene after addition restriction enzyme (Mspl). In the upper half of lanes 1, 3, 4, 5, 6, 7, 9 and

10 (TT) band(149); and lanes 2, and 8 (CC) band (125 and 24 bp).

(1900.42 + 86.36 U/L) (P < 0.001), creatinine (mean + SD) (0.88 +
0.66 mg/dl) (P = 0.025)& we found significantly decrease in the mean
of PLT count (mean 4 SD) (36.28 £ 27.95 x 10°/L) (P < 0.001), Hb

Table 2
miRNA-196a2 genotypes distribution and allelic frequency in studied groups.

(mean =+ SD) (8.3 & 1.85 g/dl) (P < 0.001) when compared to control Group I Group II Statistical Z test P value
patients (100) control (60)
group (Table 1).
No % No %
3.1. The miRNA-196a2 polymorphism and acute lymphoblastic leukemia miRNA-196a2
cc 54  54.0 34 567 0.33 0.74
The genotypic frequencies for miRNA-196a2 (rs11614913) geno- TT . 44 440 22 367 0.91 0.36
. . . . Trouble shooting 2 2.0 4 6.7 1.5 0.13
types were established among Egyptian ALL children and are shown in
Table 2. The TT and CC proportions were 44 and 54%, in the childhood miRNA-196a2
ALL patient group, and 36.7 and 56.7% in the control group ¢ 108 54.0 68 567 0.38
ivel T 88  44.0 4 367
respectively. Trouble shooting 2 2.0 4 6.7

Based on statistical analysis the distribution of miRNA-196a2 geno-
types was not differentially distributed between the childhood ALL case
and control groups (P > 0.05). The homologous variant CC and the wild
type TT variant of miRNA-196a2 genotypes were close in the control
group and the case group (P = 0.74 and 0.36, respectively) (Table 2).
The allele frequencies of miRNA-196a2 were analyzed and the results
are presented in Table 2. The results showed that the variant C allele in
pediatric ALL cases was 54% compared with 56.7% in the controls.
There was no relation found between miRNA-196a2 C allele and sus-
ceptibility to childhood ALL (P = 0.38), also frequency of T allele was
44% in childhood ALL cases compared to 36.7% in control group, this
conclude that there were no statistically significant differences between
the studied groups regarding miRNA-196a2 polymorphism (P > 0.05) or
allelic frequency (P = 0.38).

3.2. Association between miRNA-196a2 polymorphism and clinic
pathological data in childhood ALL patient group

We observed in our study that there were highly significant increase
of TT genotype in males compared to females in ALL group (P = 0.002),
while was significant increase in the mean of age in TT group compared
to CC group (P = 0.04) (Table 3).

As for our ALL group clinical data there was significant increase in
CC genotype in patients with fever comparing to TT genotype. In labo-
ratory data there was significant increase in the mean of LDH in TT
group compared to CC group (P = 0.02) while significant increase in the
mean of ESR in CC group compared to TT group (P = 0.04).

In this study there was no association between miRNA-196a2

Table 1
Laboratory data of all studied group.
Group I patients (100) Group II control (60) Statistical test (st t) P value
Mean +SD Mean +SD
WBCs (x10°/L) 16,258.0 12,641.5 7440.0 1489.3 5.37 <0.001**
Hb (g/dL) 8.3 1.85 13.13 1.11 18.38 <0.001**
PLT (><109/L) 36.28 27.95 283.0 74.21 29.94 <0.001**
SGOT (U/ml) 41.8 22.5 23.1 5.18 6.33 <0.001**
SGPT (U/ml) 33.5 19.45 22.67 5.42 4.21 <0.004**
ESR (mm/h) 88.32 16.21 5.93 1.16 39.26 <0.001**
Creatinine (mg/dl) 0.88 0.66 0.60 0.16 3.25 0.025*
LDH (U/L) 1900.42 86.36 146.37 24.48 8.84 <0.001**
Bone marrow blast % 86.36 12.80
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Table 3
Association between demographic data and miRNA-196a2 genotype in ALL
group.

Gender TT group (44) CC group (54) Statistical test (x2) P value
No % No %
Male 36 81.8 28 51.9 9.61 0.002
Female 8 18.2 26 48.1
TT group (44) CC group (54) St t-test P value
Mean +SD Mean +SD
Age 7.71 3.23 6.52 2.52 2.05 0.04

polymorphism and immunophenotyping, karyotyping or follow up
results.

Logistic regression analysis was conducted for prediction of CC using
ESR, LDH, age, sex, and fever as covariates we found that the most
predictor of CC was ESR.

4. Discussion

miRNAs are 19-22 ribonucleotide long noncoding RNA. They in-
termediate posttranscriptional regulation of many human genes and
therefore have preclinical and clinical research applications in many
diseases. With recent technologies that is used for gene expression
analysis, molecular profiling of new microRNAs in childhood ALL, has
been reachable (Rashed et al., 2019).

Acute lymphoblastic leukemia is classified into B-ALL and T-ALL. B-
ALL is the most common type of childhood ALL, and its prognosis is
better than T-ALL. Immunotyping for T subtype is one of the interme-
diate risk indicators. The prognosis of T subtype is worse than that of B
subtype (Li, 2020).

microRNAs can be categorized as oncogenic or tumor suppressive,
their expression levels are increased and decreased in patients with
cancer. MicroRNAs are involved in cancer cell processes such as cell
proliferation, differentiation, metastasis, apoptosis and tumorgenesis. In
the recent years one of the hotspots of research is the investigations of
miRNAs in ALL in children (Chen et al., 2020).

Single nucleotide polymorphisms (SNPs) are common genetic vari-
ations within the human genome. SNPs in protein-coding genes can
affect the functions of proteins and successively influence susceptibility
to cancer. Lately, several miRNA polymorphisms are shown to have a big
role in different types of cancers (Farokhizadeh et al., 2019).

Hence the aim of our study was to examine the association between
miRNA-196a2 (rs 11614913) polymorphism and childhood ALL in
Egypt.

In the current study, we provide evidence showing that miRNA-
196a2 (rs 11614913) genotypes were not significantly associated with
susceptibility to childhood ALL in Egyptian children (P > 0.05)
(Table 2).

The allele frequency of miRNA-196a2 in our study was 44% for T
allele in cases compared to 36.7% in control, while C allele was 54% in
cases compared to 56.7% in control.

Chen et al. found that the distribution of miRNA-196a2
(rs11614913) genotypes were not differentially distributed between
the childhood ALL case and control groups (P value = 0.8107) with no
statistically significance, and found that T allele was in 57.7% in ALL
cases compared to 56% in control and C allele was 42.3% in ALL cases
compared to 44% in control (Chen et al., 2020).

Rakmanee et al. found that miRNA-196a2 (rs11614913) variant CC,
TC heterozygote and CC/TC genotypes were significantly associated
with increase childhood ALL susceptibility compared with TT wild type
in Thailand, and found that T allele was 33% in cases compared to 51%
in control and C allele was 67% in cases compared to 49% in control
(Rakmanee et al., 2017).
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However Tong et al. found that T allele was 54.9% in cases compared
to 58% in control and C allele was 45.1% in cases compared to 42% in
control, and that TC heterozygote and CC/TC were associated with an
increased risk of pediatric ALL in Chinese (P = 0.007) (Tong et al.,
2014).

In our study we observed that the most common clinical presentation
was splenomegaly with 74% this go in line with Jaime-Pérez et al. who
found 63% splenomegaly (Jaime-Pérez et al., 2019) and was nearly
similar to Hashemi M et al. who reported organomegally in 78.7% of
ALL cases (Hashemi et al., 2014), while Kakaje et al. found lymphade-
nopathy was the most common presentation with 82.9% (Kakaje et al.,
2020).

Liver function tests in our study were as follows (mean + SD) of
SGOT (41.8 £ 22.5 U/ml) and SGPT (mean =+ SD) (33.5 4 19.45 U/ml).
This is in agreement with Islam et al. who found mean serum SGOT is
(mean + SD) (47.46 4 15.00 U/ml) and serum SGPT was (mean =+ SD)
(38.00 £ 7.34 U/ml) (Islam et al., 2020). Alawad et al. have similar
results (Alawad et al., 2016), while Ahmed et al. found there was no
statistically significant difference between children with leukemia
compared to healthy control children regarding liver enzymes (Ahmed
et al., 2017).

Regarding ESR in our study it was found in ALL group to be statis-
tically highly significant compared to control group (mean + SD) (88.32
+ 16.21 mm/h) (P < 0.001), and there was a statistically highly sig-
nificant increase in mean of LDH in ALL group compared with control
group LDH (mean + SD) (1900.42 + 86.36 U/L) (P < 0.001).

Louvigné et al. who found ALL patients ESR statistically highly sig-
nificant (P < 0.001) (Louvigné et al., 2020), while Hamad et al. & Tahir
et al. who found statistically significant increase in mean of LDH in ALL
cases compared to control group (P < 0.001) (Hamad et al., 2019; Tahir
et al., 2017).

We found that there was statistically significant increase in mean of
LDH and ESR in TT group compared to CC group with (P = 0.02, 0.04
respectively), while there was no statistically significant differences
between different laboratory data including white blood count, Hb,
SGOT, SGPT, creatinine and BM blast % and different miRNA196a2
genotypes in ALL group.

We demonstrated in our work that there was no association between
miRNA-196a2 polymorphism and immunophenotyping, karyotyping
and follow up results of ALL group.

As for childhood ALL, there are only few published studies. First, in
2014 Tong and her colleagues in China worked on 570 childhood ALL
cases and 673 matched control and found that the TC heterozygote and
CC/TC genotypes were associated with increased childhood ALL risk
(Tong et al., 2014). Then, in 2017, Rakmanee and his colleagues
recruited 104 childhood ALL cases and 180 control and showed that the
variant C allele contributed to an increased risk of childhood ALL in
Thailand (Rakmanee et al., 2017). Then in 2020 Chen and his colleagues
collected 266 childhood ALL cases and 266 control and showed miRNA-
196a2 rs11614913 polymorphism was not significantly associated with
susceptibility to childhood ALL in Taiwan (Chen et al., 2020).

In this study the case control ratio was 1:0.6 the low control number
in our study was mainly because of financial hurdles.

There are few studies that have results different from ours and few
agree with our present study in that there was no association present
between miRNA-196a2 polymorphism and childhood ALL and they
explained that difference in results may be due to different ethnic groups
and the small sample size.

5. Conclusion

We found that there was significant increase in mean of LDH and ESR
in TT group compared to CC group, while there was no statistically
significant differences between different laboratory data including
white blood count, Hb, SGOT, SGPT, creatinine and BM blast % and
different miRNA196a2 genotypes in ALL group. Finally we observed
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there was no association between miRNA-196a2 (rs11614913) poly-
morphism and the susceptibility of ALL in Egyptian children.
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