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Abstract

Background: Acute Mrphoblstc keukema (ALL) 5 a highly heterogeneous malignancy that accounts for
nearly 75% of kukemias n chidren Whike the exact mechansm of ALL & not fully understood, some geretic
varents have been implicated as associated with ALL susceptbiity. The assocition between some geretic
varens N MRNA geres and ALL rsk has been described previowsly. A previous study sugoested that mr-
612 1512803915 G>A may be assocated wih peditric ALL rsk. High-resolution meking (HRM) analyss &
areleble method that can be applied for polymorphism detection.

Methods: This retrospective study was performed on 100 B-ALL patents (52 maks and 48 fermaks; age 4.6 +
3.2 years) and 105 age- and sex-metched healthy controk (48 maks and 57 femaks; age 5.1 + 3 years). We
wed HRM to identify mr-612 rs12803915 genotypes. Sanger sequencing was applied to \alidate te HRM
resuls.

Results: High resolution meling amalyss was wsed to genotype the mir-612 rs12803915 polymorphsm We
found no assocation between rs12803915 aleke Aand B-ALL rsk n any nheritance modek (p> 0.05).
Conclusions: HRM B a suitable method to detect SNP 1512803915 in the mir-612 gere; however, we found no
significant assocation between the rs12803915 polymorphism and ALL risk.

Keywords: Childhood ALL, Hsa-mir-612, High-Resolution Melting (HRM), MicroRNA, Polymorphism.

Introduction

Acute lymphoblastic  leukemia  (ALL) is variants that are associated with pediatric ALL

regarded as the most prevalent cancer in children
under 15 years of age. Acute lymphoblastic
leukemia is a leading cause of cancer mortality
among children, especially in developed
countries. However, ALL is less common in
adults. The early disease onset and the high
incidence of ALL in individuals with some
congenital genetic syndromes indicates a
remarkable genetic association in its origin.
Several previous studies have identified inherited

risk (1-6).

MicroRNAs (mRNAs) are sequences of 18-25
nckotides that reguate the  expresson  of
approxmetely 30-50% of al human coding geres
through binding to the 3’-untrarshted regors of
ter target MRNAs. MRNAs ae imwhed n
variols celubr processes, incding  proliferation,
diflerentiation, and apoptoss; hence, alerations n
MRNAs can be associated wih \arious cancers,
cwdng  ALL (7, 8). Snge nuckotide
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polymorphsns  (SNPs) are the nost . commonly-
knoown varens n  te human  genome  that
accout for remarkabe  heterogerety  among
different individuals (9). Genetic polymorphisms
in miRNAs, known as MirSNPs, can be found in
MIRNA precursors, including Pri-miRNAs, Pre-
miRNAs, as well as in mature-miRNASs.
MirSNPs may influence miRNA biogenesis,
processing, expression levels, and binding to
target MRNAs (10).

Several studies suggested that mMIRNA
polymorphisms may be associated with
susceptibility to ALL. However, the results were
controversial. In 2014, Hassani et al. reported
that mir-146a rs2910164 was associated with
pediatric ALL risk (11). However, another study
found no relationship between mir-146a and
ALL risk (12). Gutierrez et al. found that both
mir-3117  rs12402181 and  mir-3689d2
rs62571442 increased B-ALL risk (13). Also,
two independent studies suggested that Pri-miR-
34bl/c rs4938723 polymorphism decreased ALL
risk (14, 15). Similarly, Xue Y et al. showed that
miR-100 rs543412 was a protective factor from
childhood ALL (16).

Several reliable genetic screening methods
have been used to investigate point mutations
and polymorphisms; these include DNA
sequencing, TagMan PCR assay, polymerase
chain reaction-restriction-fragment- length
polymorphism  (PCR-RFLP),  amplification
refractory mutation systems (ARMS), allele-
specific PCR, and high-performance liquid
chromatography  (HPLC). Recently, high
resolution melting (HRM) analysis was
introduced as a reliable technique for mutational
screening. High resolution melting is a real-time-
based PCR method that uses a fluorescent dye to
recognize melting curve differences to identify
mutations in nucleic acid sequences. The
benefits of HRM include reduced time due to the
lack of requirement for post-PCR procedures,
and lower cost than other methods (17-21).

The mir-612 gene resides on chromosome
11g13 and consists of 1 exon. According to the
NCBI dbSNP, multiple polymorphisms are
present within mir-612, including rs12803915. A
previous study by Gutierrez et al. suggested that
mir-612 rs12803915 significantly reduced B-
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ALL risk in a cohort of Spanish children.
However, this study was the only report that
examined the association between mir-612
rs12803915 and any type of cancer risk (22, 23).

To our knowledge, no study has examined the
relationship between the mir-612 rs12803915
polymorphism and pediatric B-ALL risk in Iran.
Therefore, we conducted the present case-control
study to investigate any possible association
between the mir-612 rs12803915 polymorphism
and B-ALL susceptibility using HRM.

Materials and Methods

Patients

The current study included 100 B-ALL patients
(52 males and 48 females; age 4.6 + 3.2 years)
and 105 age and sex-matched healthy controls
(48 males and 57 females; age 5.1 £ 3 years). All
subjects referred to Cancer Molecular Pathology
Research Center of Ghaem Hospital, Mashhad,
during 2017-2020. Patients’ medical records
were used to gather clinical information,
including age, sex, and complete blood count at
presentation, cytogenetic abnormalities, and
immunophenotyping data (Table 1). Also, the
frequencies of patients’ initial symptoms were
obtained. To diagnose ALL, peripheral blood or
bone marrow smears were examined by a
pathologist. Next, a monoclonal antibody panel,
including Tdt, CD3, CD5, CD10, CD19, CD20,
and cytoplasmic IgM, was used to confirm the
initial diagnosis. The presence of recurrent ALL
translocations, including t (12; 21), t (9; 22), t (4;
11), and t (1; 19) was evaluated by real-time
PCR. Also, numerical and structural
chromosomal abnormalities were analyzed by
conventional karyotyping. It was approved by
the ethics committee of IRAN University of
Medical Sciences (ethical code:
IR.IUMS.REC.1398.470) and performed under
the principles of the Declaration of Helsinki.
Written informed consent was obtained from all
subjects.

DNA Extraction

Genomic DNA was extracted wusing a
FavorPrep™ Genomic DNA Extraction Kit
(Favorgen, Taiwan) according to the
manufacturer’s  instructions. The purity and
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concentration of the extracted DNA were
determined with agarose gel electrophoresis and
a NanoDrop spectrophotometer (Thermo, USA).

HRM analysis

Mir-612 rs12803915 was genotyped using
HRM. A light Cycler® 96 Real-Time PCR
system (Roche Diagnostics) was used for PCR
amplification and HRM. Data was analyzed
using Light Cycler 96 software version 1.1.
Duplicate 15 pL reactions were prepared using
20 ng of DNA, 3 pL of 5x HOT FIREPol®
EvaGreen® HRM master mix (CAT number:
08-31-00001), 9 uL ofddH20, and 1 pL ofeach
primer (10 pmol). Forward and reverse

primers were
5’CAGGGCTTCTGAGCTCCTTA3’ and 5’
TGAGAGTCCTGTCCTGGCTG3’,

respectively. The gene amplification protocol
was as follows: pre-incubation at 95 °C for 15
min by ramp rate 4.4 °C/sec, 2-step amplification
program consisted of 40 cycles of denaturation at
95 °C for 10 sec by ramp rate of 4.4 °C/sec and
annealing phase at 60 °C for 20 sec by ramp rate

of 2.2 °C/sec. The melting program was:
denaturation at 95 °C for 1 min, 40 °C for 1 min,
and a subsequent melting that included a
continuous fluorescent reading from 60 °C to 95
°C at the rate of 20 acquisitions per °C. To
confirm the patients’ HRM results, Sanger
sequencing was performed. Each HRM curve
was compared with the melting curve of
confirmed samples.

Statistical analysis

Statistics were analyzed using SPSS software
version 26. The Mann-Whitney U test and the
chi-square test (y2) were used to analyze
continuous and categorical data, respectively.
The association between the polymorphism and
ALL risk was analyzed by logistic regression
test and odds ratios (ORs) with 95% confidence
intervals (Cls). Any deviation from Hardy-
Weinberg equilibrium was analyzed by the x2
test. P values less than 0.05 were considered to
be statistically significant. Also, the sample size
was determined according to the mentioned
reference (24).

Table 1. Subjects’ demographic and clinical features.

Patients Controls
No of Individuals 100 105
Mean age (years) + SD 4.6x3.2 5.1+3
Sex
Male 52 (52%) 48 (45.7%)
Female 48 (48%) 57 (54.3%)
CBC parameters
WB C count (x1000/ul) 40.148+38.476 7.935+ 0.960
Hemoglobin (gr/dl) 7.533+1.681 13.241+1.253
PLT Count (x1000/ul) 96.495+62.206 226.588+39.656
Cytogenetic alterations
Hype rdiploid 23 (23%)
Hypodiploid 3(3%)
Pseudodiploid 28 (28%)
Normal karyotype 29 (29%)
ETV6-RUNX1 (n, %) 14 (14%)
BCR-ABL 3 (3%)
AF4-MLL 3 (3%)
E2A-PBX1 7 (7%)
Immunophenotyping data
Pro-B-ALL 21 (21%)
Early-Pre-B 15 (15%)
Pre-B-ALL 64 (64%)
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Results

The most common findings at presentation were
fever (69.5%), lethargy and malaise (61%),
hepatomegaly or splenomegaly (40%), bone and
joint pain (29%), and lymphadenopathy (25%).
Also, skin complications, including petechia,
purpura, and ecchymosis were documented for
18% of the patients. Data regarding
hematological parameters, cytogenetic
abnormalities, and immunophenotyping stage

are shown in Table 1.

High-resoltion  nmeling  was  appled 10
genotype the mi-612 1512803915  polymorphism
The neling cuwve data desphyed tenperature-
shit diflerences between the mutated and nomel
sanpkes (Figs. 1 and 2). Each genotype was
accurately detected by the difierence plot cune
(Fg. 3). Abko, Sanger sequercing data  was
presented n Figure 4.

Hg. 2. High resolution nelting peaks for 1512803915.
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Hg. 4. Sanger sequencing for r512803915.

The gernotypes and alelic  frequencies of the
mr-612 rs12803915 polymormphsm i both  B-
ALL patents and heakhy controb are shown in
Tabe 2. The akk fequency for nmr-612
1512803915 akk A wes 15%. We foud o
assocetion  between akk A ad B-

ALL rsk n any nheritance models (p> 0.05).

Moreover, the mir-612 rs12803915
polymorphism genotypes in both cases and
controls were in Hardy-Weinberg equilibrium
(p=0.84 and 0.76, respectively).
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Table 2. Genotyping and allele frequency of mir-612 rs12803915.

Gene polymorphism Ela;[(';:;ts SIS OR (95% CI) p value

Recessive

GA+GG 98 (98%) 102 (97.1%)

AA 2 (2%) 3 (2.9%) 0.694 (0.113-4.242) 0.692

Dominant

GG 72 (72%) 75 (71.4%)

GA+AA 28 (28%) 30 (28.6%) 0.972 (0.529-1.786) 0.928

Codominant

GG 72 (72%) 75 (71.4%)

GA 26 (26%) 27 (25.7%) 1.003 (0.535-1.880) 0.992

AA 2 (2%) 3 (2.9%) 0.694 (0.113-4.278) 0.694

Allele

G 170 (85%) 177 (84.3%)

A 30 (15%) 33 (15.7%) 0.947 (0.553-1.620) 0.841
Discussion

In the current study, we showed that mir-612
rs12803915 could be genotyped by HRM
analysis. However, Gutierrez et al. used a
TagMan assay to characterize this polymorphism
(23). Of the various genotyping methods, Sanger
sequencing is regarded as the most reliable for
detecting polymorphisms; however, this method
is both time-consuming and relatively expensive.
The TagMan assay requires probes that are more
expensive than DNA-binding dyes. PCR-RFLP
requires enzymes and multiple post-PCR steps,
including restriction enzyme digestion and
electrophoresis. HRM allows genotyping in a
relatively short time at low cost. However,
DNA samples used for HRM should  be
normalized in concentration using the same
dilution buffer to prevent false results (17, 25-
30). In the present study, we developed a
protocol for the first time to genotype
rs12803915 using HRM.

Several previous studies suggested HRM as a
fastt comvenent, and reliebke assay wih high
sersitvty and specificty. For exanpk, Zhang et
al foud HRM sersivty and specificity to be>
99% when compared with Sanger sequencing.
Anotrer study showed that for PCR products of
300 bp or kss, al genotypes were correctly
dertified by HRM; howewer, when the PCR
products were greater than 400 bp, the sersimty
and specificity decreased to 96.1 and 99.4%,
respectively. In our protocol the PCR product
was 75 bp to avoid fake-negative results (31, 32).
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We also examined and found no
association between rs12803915 in pre-mir-
612 at the chromosome 11913 locus and
pediatric B-ALL risk.

Prevous  genome-wide  assocition  studies
sugoested the 11013 locus as assoceted with risk
of seweral cancers, inclding prostate, colon, and
breast Ths lcuis 5 a gene-poor regon that
conars mutpe MRNA geres, nchding mir-
612 (22). Dysregubtion of mi-612 exXpression
was shown n varowls  cancers,  incuding
mebnoma, bldder and colon  cancers.  For
istance, Sheng L et al reported that mir-612
expresson  was  significantly  kss  in colorectal
cancer tsstle than i nommal tesue. They ako
foud that creased  MI-612  expression
sonificantly  reduced  the  proliferaion and
nvasheress of a colorectal cel Ine. Ako, Zhu Y
et al, and Lu M et al, showed smibr twmor
suppressor efects for mr-612 n mebnoma and
bldder cancers, respectively (33-35).

Wih respect to the mi-612 rs12803915
polymomphsm Kim HK et al cloned both aleic
foms  of 1512803915 n  pre-mi-612 o
expression \ectors and found that the rs12803915
SNP aflected mature mr-612 expression n a cel
type-specific mamer. The SNP increased mature
mI-612 expression i prostate cancer cell Ines,
decreased it n colon cancer cell lires, and had no
eflect in breast cancer cel lires (22).

Gutierrez et al. examined the association
between the mir-612 rs12803915
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polymorphism and pediatric ALL risk in Spain.
To our knowledge, this was the only study that
investigated an  association between this
polymorphism with ALL risk. They showed
that allele A was significantly protective against
pediatric ALL (p= 0.007, OR: 0.61); however,
after applying the restrictive Bonferroni
correction, a significant p value was not
obtained (23).

In our study, no significant relationship was
found between the mir-612 rs12803915
polymorphism and ALL risk. The discrepancies
between the studies may be related to racial and
environmental  differences  between  the
populations. One limitation of the present study
is the relatively small sample size, which may
limit the statistical power of our analysis. To
clarify the effect of this polymorphism on
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