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Abstract

Background: Methionine synthase reductase, which is encoded by
the methionine synthase reductase (MTRR) gene, plays a crucial role
in the methylation reactions and the production of DNA and its epige-
netic processes. There was a correlation between the MTRR (A66G)
polymorphism and the likelihood of developing acute lymphoblastic
leukemia (ALL). This study was carried out to investigate the correla-
tion among pediatric ALL cases.

Methods: Within the participant population of this case-control study,
there were 86 individuals who had been diagnosed with ALL, and there
were also 150 healthy persons who acted as the control group. To deter-
mine the MTRR (A66G) polymorphism, DNA was first extracted and
then observed through the use of real-time polymerase chain reaction.

Results: The results of the flow cytometry analysis showed that the
prevalence of B-cell ALL (B-ALL) was much higher than that of T-
cell ALL (T-ALL), which accounted for only 20 cases (23.3%). Upon
comparing the hematological parameters of ALL subtypes in patients
with T-ALL, it was discovered that there was a statistically significant
higher mean total white blood count (P < 0.0005) and mean blast per-
centage (P =0.050). Upon examination, it was discovered that both of
these figures were much higher than the average. In accordance with
the results of the molecular analysis, the occurrence of the MTRR
homozygous GG genotype was found to be considerably lower in the
patients’ group (4.65%) than in the control group (20.67%). However,
the MTRR homozygous AA and heterozygous AG were nearly simi-
lar in the two groups. The risk of acute lymphoblastic leukemia and
MTRR genotypes, on the other hand, exhibited a correlation that was
not statistically significant (P = 0.082).

Conclusions: The study’s findings showed that among pediatric ALL
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patients, the MTRR A66G polymorphism was not linked to an in-
creased risk of ALL.
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Introduction

The malignant condition, known as acute lymphoblastic
leukemia (ALL), affects white blood cells (WBCs) and is
brought on by the uncontrollably high proliferation of imma-
ture lymphoid cells in bone marrow, blood, and other organs,
which are prevented from differentiating too soon [1]. A vari-
ety of genetic anomalies, such as chromosome translocations,
mutations, and aneuploidies in genes regulating the cell cycle
and lymphoid cell development, are responsible for the ill-
ness [2].

Researchers have discovered that 75% of cases may be
traced back to B-cell lineage progenitors, with malignant T-
cell precursors accounting for the remaining cases [3, 4]. Both
B-cell ALL (B-ALL) and T-cell ALL (T-ALL) subtypes are ca-
pable of presenting in adults and children, making up 20% of
adult cases and about 80% of all juvenile leukemia cases [3].
Children with this condition have over 90% 5-year survival
rates, whereas rates for teens and young adults range from 75%
to 85% [4]. In Saudi Arabia, the incidence for men is roughly
2.71 per 100,000, whereas it is 1.86 per 100,000 for women
[5].

The pathogenesis of ALL is complex, with multiple com-
ponents (including immunological, environmental, genetic,
and drug-related variables) working at different levels. It also
involves a close and intricate interplay among these compo-
nents. The pathophysiology of ALL is characterized by its
monoclonal origin, unchecked cell proliferation brought on by
growth receptors’ constant self-stimulation, an inability to re-
act to inhibitory signals, and a reliance on reduced apoptosis
for cell survival [6]. Fetal development is the time when leu-
kemia genetic changes occur [7]. Sometimes these mutations
result in changes to chromosomal structure, which can lead
to fusion genes where one or both partners express transcrip-
tion factors. Detrimental mutations can occasionally be small
changes like deletions or point mutations. A transcription fac-
tor necessary for cell development in several hematopoietic
lineages is usually less significant after mutations [6, 7].
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The formation of malignant cells in the hematopoietic
(lymphoid) system begins with genetic changes of genes in-
volved in DNA synthesis or DNA methylation [§]. Because
folate provides a methyl group for regular DNA synthesis and
is essential for the methylation process of DNA through homo-
cysteine in the methionine cycle, it is imperative to maintain
a sufficient concentration of folate (tetrahydrofolate-THF) [4].
Genetic variations in the genes encoding these enzymes can
affect the availability or activity of the enzymes involved in
the folate pathway, which can lead to changes in folate me-
tabolism [4]. The amount of folate available in cells can be af-
fected by genetic variations in genes encoding essential folate
cycle regulatory and transport enzymes, such as methylenetet-
rahydrofolate dehydrogenase, cyclohydrolase and formyltet-
rahydrofolate synthetase 1 (MTHFD1), methionine synthase
reductase (MTRR), methionine synthase (MTR), methylene-
tetrahydrofolate reductase (MTHFR), dihydrofolate reductase
(DHFR), gamma-glutamyl hydrolase (GGH), and replication
factor C subunit 1 (RFC1). These variations may also affect
the susceptibility to ALL (ALL) and the response to therapy

[8].

MTRR, also known as 5-methyltetrahydrofolate-homo-
cysteine methyltransferase reductase, is an enzyme that is part
of the MTRR family and is important for the metabolism of
homocysteine and methionine that is dependent on folate. It
may also be a member of the electron transferase family [9].
It also has a major impact on maintaining appropriate amounts
of activated cobalamin, a methyl carrier that is used in the pro-
cess of remethylating homocysteine to methionine [9]. Con-
sequently, it is in charge of catalyzing the change of MTR’s
inactive state.

Numerous epidemiological and case-control studies have
been conducted to thoroughly study and record the potential
link between the MTRR gene and an increased risk of leuke-
mia, other cancers, and other diseases and disorders [9-14].
People with the MTRR 66GG mutation had a significantly
higher incidence of ALL by a factor of 2.15 (95% confidence
interval (CI): 1.06 - 4.39; P = 0.032), according to the con-
nection between MTRR polymorphism and susceptibility to
ALL [15]. ALL and the MTRR 66 GG genotype had an odds
ratio (OR) of 1.77 with a 95% CI ranging from 0.96 to 3.26
[16].

There are no published studies that address the connection
between these single nucleotide polymorphisms (SNPs) and
ALL in Saudi Arabia. Moreover, information about metabolic
enzymes and their function in acute lymphocytic leukemia is
highly lacking. The aim of this study was to investigate the
potential association between acute lymphocytic leukemia hy-
persensitivity and the MTRR polymorphism. Thus, the study’s
goal is to look at the relationship between childhood ALL and
polymorphisms in the folate metabolic MTRR gene.

Materials and Methods

Study subject

These research protocols and permission forms were approved
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by a unit of the Biomedical Ethics Research Committee, King
Abdulaziz University (reference number: 698-20). All pa-
tients have signed written informed consent forms. This study
was carried out in accordance with the principles outlined in
the Declaration of Helsinki. The present case-control study
involved the recruitment of 236 participants from King Ab-
dulaziz University, located in Jeddah, Saudi Arabia. The sam-
ple of 236 individuals was split into 86 pediatric ALL cases
and 150 controls. Using cytogenetics and histology, the labora-
tory verified the diagnosis of patients with ALL. ALL was di-
agnosed using bone marrow tests, a complete blood count, and
flow cytometry. To validate the results, cytogenetics and fluo-
rescence in situ hybridization (FISH) testing were employed.
Exclusion criteria for ALL instances included patients with
secondary malignancies with unsigned consent forms. The in-
clusion criteria for the healthy controls dictated that they had
not received a diagnosis of any form of cancer or other medical
condition.

Hematological analysis

An automatic blood counter (Sysmex KX 21) and a peripheral
blood image were used to measure hematological biomarkers.
ALL was found by looking at the shape of blood cells and the
number of WBCs at different levels. The finding was then con-
firmed by using antigen-specific antibodies to analyze differ-
ent groups of immune cells with a Coulter EPICS X-Mcl TM
flow cytometer (Miami, Florida, USA).

Analysis of genomic DNA and polymerase chain reaction
(PCR)

Isolating genomic DNA from peripheral leucocytes was ac-
complished through the utilization of the spin-column ex-
traction technique. The Nanodrop (NanoDrop™ Lite-UV
Spectrophotometer, Thermo Fisher Scientific) was utilized
in order to determine the concentration and purity of the
DNA. The TagMan real-time PCR (qTOWER3G, Anlitka
Je-na, Germany) was utilized to analyze the MTRR A66G
polymorphism. The sequences of the primers and probes
used were as follows: the forward MTRR primer: AGG CAA
AGG CCA TCG; the reverse MTRR primer: ATC CAT GTA
CCA CAG CT; and the MTRR probes are: G- CAG AAG
AAA TGT GTG A, and A- CAG AAG AAA TAT GTG A.
Using the absolute analysis method, the reaction mixture
was subjected to a total of 40 cycles, during which it was
heated to a temperature of 95 °C for 10 min, 95 °C for 15 s,
and 60 °C for 1 min.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS), ver-
sion 25, was used to conduct the statistical analysis. We used a
Chi-square test to look at how the genotypes were distributed
throughout the groups, and we ran a regression to see how the
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Table 1. Subtypes of ALL and Gender in the Pediatric Samples

Variable Children P value
Subtypes
B-ALL 66 (76.7%)
0.001
T-ALL 20 (23.3%)
Gender
Male 57 (66.3%)
0.001
Female 29 (33.7%)

ALL: acute lymphoblastic leukemia; B-ALL: B-cell ALL; T-ALL: T-cell
ALL.

polymorphism affected the likelihood of developing ALL.

Results

Demographic data

Out of a total of 236 participants, 86 were identified as having
pediatric ALL by flow cytometry. The control group included
of 150 healthy-looking individuals who were matched for age
and sex. There were 57 men (66.3% of the total) and 29 wom-
en (33.7% of the total) in the research groups. The age range
for both groups was 2 to 16 years, with a mean + standard
deviation of 9.7 + 1.83.

Immunophenotyping

Flow cytometry was used for immunophenotyping, which sup-
ported the diagnosis of ALL and showed that B-ALL was more
common (66 cases, or 76.7% of the total) than T-ALL (20 cas-
es, or 23.3% of the total). The prevalence of B-ALL was higher
in men compared to women (Table 1).

Hematological data

When looking at the hematological parameters among the dif-
ferent forms of ALL, we found that T-ALL in children had a
considerably higher mean total WBC count and blast percent-
age compared to B-ALL. Mean red blood cell (RBC), hemo-

Table 3. Distribution of MTRR (A66G) Genotypes Among Chil-
dren

Genotype Patients Control P value
AA 40 (46.51%) 59 (39.33%)

AG 42 (48.84%) 60 (40.00%) 0.082
GG 4 (4.65%) 31 (20.67%)

MTRR: methionine synthase reductase.

globin (Hb), and platelet (PLT) counts were not significantly
different (Table 2).

Genotyping of MTRR (A66G) polymorphism

There was no evidence of a non-normal distribution in the
MTRR A66G genotype distribution (P > 0.05). Both the re-
search and control groups showed a higher frequency of the
MTRR heterozygous AG genotype than the homozygous AA or
GG genotypes. Patients were more likely to have the homozy-
gous GG or AA genotypes compared to the control group,
while the control group was more likely to have the heterozy-
gous AG genotype, according to the comparison of genotype
distributions among the research groups. Table 3 shows that
there was no statistically significant distribution of genotypes
among the study groups. Risk of ALL was not significantly as-
sociated with MTRR polymorphism in the regression analysis
(OR: 1.179, 95% CI: 0.745 - 1.865, P value = 0.082).

The mean RBC count was not statistically different be-
tween ALL patients with wild-type (AA) and mutant-type (AG
+ GQ) alleles, although the P value was 0.058. On the other
hand, there were no statistically significant changes in the
mean Hb, total WBC, PLT, or blast (%) counts (Table 4).

Discussion

ALL is the predominant form of pediatric malignancy, affect-
ing individuals across all age groups, with the highest inci-
dence observed between 2 and 5 years of age. Consequently,
age is considered a significant factor in disease initiation [17].
While the etiology of ALL remains incompletely understood,
multiple hypotheses propose that environmental and genetic
factors play a role in initiating leukemogenesis [18]. The pro-

Table 2. Comparison of the WBCs and Blast Cells Counts According to ALL Subtypes

Parameter B-ALL, mean £+ SD T-ALL, mean + SD P value
Total WBCs count (x 10%/L) 41.1+32.4 173.1+41.8 < 0.0005
RBCs count (x 10'%/L) 3.9+£0.7 3.9+0.7 0.814
Hemoglobin (g/dL) 84+5.6 83+1.9 0.624
PLT count (x 10%L) 43.5+5.1 54.5+37.6 0.354
Blast (%) 59.1£15.8 72.1+12.9 0.039

ALL: acute lymphoblastic leukemia; B-ALL: B-cell ALL; T-ALL: T-cell ALL; WBC: white blood cell; RBC: red blood cell; PLT: platelet; SD: standard

deviation.
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Table 4. Comparison of Hematological Parameters in ALL Patients With Wild and Mutant Type MTRR Alleles

Parameter Wild (n = 39), mean + SD Mutant (n = 47), mean + SD P value
Total WBCs count (x 10%/L) 58.8 +11.7 69.9+10.3 0.606
RBCs count (x 10'2/L) 3.6+£0.9 3.8+0.8 0.058
Hemoglobin (g/dL) 8.5+6.7 8.6+3.5 0.727
PLT count (x 10%/L) 45.6 +4.43 55.8+6.43 0.188
Blast (%) 61.4+21.4 69.1 +£19.2 0.241

MTRR: methionine synthase reductase; ALL: acute lymphoblastic leukemia;

deviation.

tective role of SNPs against oxidative stress and their crucial
role in detoxifying and, in rare cases, inactivating carcinogens
make them an intriguing genetic variable. The possibility that
many gene variants affect the risk of having ALL has piqued
a great deal of interest in these variations [19]. This study ex-
plores the significance of the MTRR (A66G) gene polymor-
phism related to folate metabolism in the context of various
environmental pollutants, positing it as a potential risk factor
for ALL.

Based on the data, it appears that there were more male
patients than female, with a ratio of about 2:1. This conclu-
sion is in agreement with what Jawaid et al (2017) found in
Pakistan, where they also found a higher incidence of males
than females [20]. Similarly, a 2:1 male-to-female ratio was
identified in the ALL populations studied in Pakistan by Sultan
et al (2016) and Shahab et al (2014) [21-23]. The results cor-
roborate those of the American Cancer Society and the Saudi
Cancer Registry (2010) [24, 25].

This study’s results show that 57.3% of the patients were
under the age of 16. This aligns with previous reports from the
American Cancer Society (2008) and Ebrahim et al (2017) in
Sudan, where the majority of cases were found to be between
the ages of 6 and 16 [26, 27]. A complete blood count (CBC)
was conducted on all patients, indicating leukocytosis, anemia,
thrombocytopenia, and an elevated blast proportion. The re-
sults aligned with those of several studies conducted in Sudan,
Mexico, Iran, Egypt, and Pakistan [28-32]. The research indi-
cated that B-ALL was more prevalent than T-ALL, consistent
with many studies conducted in Jordan, Brazil, Italy, Egypt,
and Mexico, all of which demonstrated a higher prevalence
of B-ALL compared to T-ALL [21, 33-37]. Nonetheless, these
findings are inconsistent with two investigations conducted in
Iran and Pakistan, which demonstrated that the incidence of T-
ALL surpasses that of B-ALL [38]. This discrepancy suggests
that the disease behaves differently in different populations,
likely due to the interaction of biological and external factors.

According to the findings of the study, individuals who
were diagnosed with T-ALL exhibited significantly higher
mean total WBC counts and blast percentages in comparison
to those who were diagnosed with B-ALL. On the other hand,
there was no statistically significant difference between the
two groups in terms of the means of other hematologic param-
eters, such as the number of RBCs, the number of PLT, and the
concentration of Hb. At the time of diagnosis, patients with
T-ALL had considerably higher total WBC counts and blast
percentages than patients with B-ALL, according to a study
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WBC: white blood cell; RBC: red blood cell; PLT: platelet; SD: standard

conducted in China by Dai et al (2021) [39]. These findings
are in line with the findings of that study, which also exam-
ined the same phenomenon [39]. Furthermore, our findings are
consistent with those of independent investigations carried out
in Brazil by De Sousa et al (2015) [40] and in Iraq by Jaafar
et al (2018) [41]. Both of these studies indicated a significant
increase in the total WBC counts in patients with T-ALL when
compared to patients with B-ALL [40, 41].

During the course of the inquiry, it was discovered that
the homozygous genotypes AA and GG of the MTRR (A66G)
polymorphism were identified in a greater proportion of pa-
tients than they were in the control group. In contrast, the het-
erozygous genotype AG was shown to be less prevalent in the
patients as compared to the group that served as the control.
On the other hand, the connection between the MTRR (A66G)
polymorphism and the risk of ALL was not statistically signif-
icant across all age demographics. This finding is consistent
with the findings of a number of other investigations, which
indicated that there were no significant differences in suscep-
tibility to ALL in relation to the MTRR (A66G) polymorphism
[42, 43].

In a study that was carried out in Germany by Gast et al
(2007), it was discovered that there were no statistically sig-
nificant differences between patients and controls in terms of
the allele and genotype frequencies that were associated with
MTRR polymorphisms [44]. Similar to the previous study, two
investigations that were carried out in Korea and Western Eu-
rope came to the conclusion that there was no significant link
between the polymorphism and susceptibility to ALL [45, 46].
There have also been a number of research investigations con-
ducted in Russia, the UK, and Italy that have found that M7TRR
polymorphism may reduce the risk of ALL [15, 47-49].

On the other hand, one study conducted in China found
that the MTRR 66 GG mutation was related with a 2.15-fold
increased risk for ALL [15]. In Korea, Kim et al (2009) identi-
fied a slightly elevated risk for ALL associated with the MTRR
66 GG genotype [50]. The contradictory findings on the as-
sociation between MTRR polymorphism and the likelihood of
developing ALL indicate that the polymorphism’s effect on
susceptibility to ALL may differ among groups and may be im-
pacted by interactions with particular environmental factors.

The results of the study show that the mean RBC count,
Hb concentration, total WBC count, PLT count, and blast per-
centage did not differ statistically significantly between ALL
patients with wild-type and mutant MTRR(A66G) variations.
Additionally, there is a dearth of published information com-
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paring the hematological parameters of patients with different
polymorphisms of the MTRR.

Conclusions

The current study’s findings show that there were no statisti-
cally significant changes between ALL patients with wild-type
and mutant MTRR(A66G) variations in terms of mean RBC
count, Hb concentration, total WBC count, PLT count, and
blast percentage. It is also important to note that there are cur-
rently no published data comparing the hematological param-
eters of patients with different MTRR polymorphisms.
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