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Abstract

Reduced Folate Carrierl (RF'CI) gene’s metabolism is crucial
for DNA synthesis, epigenetic mechanisms, and cellular methyla-
tion events. Nonetheless, RFC1 polymorphisms have drawn a lot of
interest in current medical genetics studies. The objectives of the
study were to ascertain the relationship between the risk of Acute
Lymphoblastic Leukemia (ALL) in Sudanese patients and the genet-
ic variant of RFCI (G 80A). Using Real-Time Polymerase Chain
Reaction (RT-PCR) method, 150 ALL patients and 150 healthy con-
trol volunteers had their DNA collected and examined for the case-
control study. Version 25 of the Statistical Package for Social
Science (SPSS) software was used to analyze the data. There was no
discernible difference in the age or gender of the patients compared
to the controls. According to flow cytometry data, T-ALL accounts
for 31 (21%) and B cell type accounts for 119 (79%). According to
this study, there is a statistically significant correlation between the
mean blast (p=0.050) and the mean total white blood cell count
(p=0.000) in T-ALL cases. The genotype frequency of RFCI
(G80A) was found to be GG 39 (26.0%), GA 41 (27.3%), and 70
(46.7%) for AA in the cases, while GG 41 (27.3%), GA 28 (18.7%),
and AA 81 (54.0%) in the control group. While the homozygous
genotypes AA and GG were more common in the control group, the
heterozygous genotype GA was more common in the patient group.
On the other hand, the genotype distribution among the research
groups was not statistically significant with odds ratio: 0.745 (0.473-
1.174), p=0.192. In conclusion, RFCI (G80A) polymorphism was
not found to be associated with an increased risk of ALL, according
to the findings of this investigation.
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Introduction

Folate metabolism plays a vital role in DNA synthesis and
methylation. The presence of a folate deficiency or an aberrant folate
metabolism has been associated with several types of cancer, such as
Acute Lymphoblastic Leukemia (ALL)." Insufficient dietary
intake, alterations in cellular transportation, and genetic differences
associated with folate can all lead to disruptions in folate metabo-
lism.® The Reduced Folate Carrier 1 (RFCI), also known as
SLC19A1, is widely expressed and is considered the primary trans-
port route for folates in mammalian cells and tissues.” The RFCI
gene, situated on chromosome 21, codes for a folate transport pro-
tein that is recognized as a key element of the folate transport sys-
tem.% RFC1 enables the transportation of 5-methyltetrahydrofolate
from the bloodstream to cells located in the periphery.!? The GSOA
polymorphism is characterized by the replacement of adenine with
guanine at the 80th position. The protein structure at codon 26 in
exon one exhibits a frequent polymorphism where histidine substi-
tutes arginine. Genetic changes in the RFCI gene (rs1051266) can
potentially modify the course of folate metabolism, leading to the
onset and advancement of cancer.!! There have been conflicting
findings in several research addressing the correlation between this
genetic variation and the likelihood of acquiring leukemia. Multiple
studies have consistently demonstrated that the RFCI polymor-
phism leads to a decrease in the effectiveness of cellular uptake of
folate and methyltetrahydrofuran, resulting in an increased risk of
ALL,® Although there were just a few findings, they remained dis-
puted. In order to provide additional clarification on the relationship
between the RFC1 (G80A) polymorphism and the risk of leukemia,
we conducted a research investigation on this polymorphism in a
suitable population from Sudan.

This study aimed to clarify the association between the RFCI
polymorphism and the risk of ALL in the Sudanese population by
identifying the polymorphism using Real-Time Polymerase Chain
Reaction (RT-PCR) and assessing the prevalence of T-ALL and B-
ALL among the case and control groups.

Materials and methods

Patients Data

This study was a case-control study conducted on patients with
ALL. A total of three hundred blood samples were collected at the
Flow Cytometer Center for Diagnosis of Leukemia and Lymphoma,
Central Laboratory-Ministry of Higher Education, and National
University Biomedical Research Institute (NUBRI) in Khartoum,
Sudan. The study was conducted from May 2017 to April 2021. A
total of 150 patients diagnosed with ALL were examined using flow
cytometry. Out of the study groups, 100 individuals (66.7%) were
men, while 50 individuals (33.3%) were women. Both groups had
participants ranging in age from 2 to 78 years, with a mean age of
20.7 years and a standard deviation of 18.3 years. Out of the total
participants, 86 individuals, accounting for 57.3% of the sample,
were youngsters aged 16 years or less. The remaining 64 partici-
pants, making up 42.6% of the sample, were adults. Additionally, a
control group consisting of 150 seemingly healthy volunteers was
included, with matching gender and age distribution.

Hematological analysis

Hematological examinations were conducted with an automated
blood counter known as the Sysmex KX 21 (Holliston, MA, USA).
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ALL was diagnosed by analyzing the White Blood Cell (WBC)
count and examining the blood morphology. All cases were addition-
ally validated by employing antigen-specific antibodies to examine
the different subsets of immune cells using a flow cytometer
(Coulter EPICS X-Mcl™, Miami, Florida, USA).

Analysis of RFCI polymorphism

The Spin-Column Extraction method has been used to isolate
genomic DNA from peripheral leucocytes. The concentration and
purity of DNA were evaluated using a NanoDrop™ Lite-UV
Spectrophotometer (ThermoFisher Scientific, Waltham, MA, USA).
The RFCI polymorphism was examined using the TagMan Real-
Time Polymerase Chain Reaction (QPCR) (qTOWER3G, Analytik,
Jena, Germany). The primer and probe sequences utilized are listed
in Table 1. PCR was run at 95°C for 10 minutes, 95°C for 15 seconds
and 60°C for one minute (40 cycles), then the analysis was done by
using absolute analysis method.

Statistical analysis

The data was analyzed to compare the genotype distributions
between the ALL and the control groups according to the age and
gender. This comparison was tested for significance using means,
Standard Deviations (SD), Odds Ratios (ORs) and 95% Confidence
Intervals (Cls), which were calculated through univariate logistic
regression analysis using the Statistical Package for Social Science
SPSS 25.0 software (SPSS Inc., Chicago, IL, USA). A p-value
below 0.05 indicates statistical significance.

Results
Demographic data

There were no notable differences in terms of age, gender, and
other characteristics between the study groups (ALL patients, and
controls). Patients diagnosed with ALL had a greater average count
of WBCs and lower average concentrations of hemoglobin, as well
as lower counts of Red Blood Cells (RBCs) and Platelets (PLTs), in
comparison to the control group. The average blast percentage
across all patients was 62.5% (Table 2).

Immunophenotyping

Flow cytometer immunophenotyping validated the diagnosis of
ALL and indicated that B-cell ALL (B-ALL) was more common,
accounting for 119 cases (79%), compared to T-cell ALL (T-ALL),
which accounted for 31 cases (21%). The B-ALL subtype was more
prevalent in both the children and adult’s groups compared to T-
ALL. Additionally, it was more common in male than in female
patients. However, no statistically significant correlation was seen
between the ALL subtype and either age group or gender, as shown
in Table 3.

When comparing the hematological characteristics among dif-
ferent subtypes of ALL, it was shown that patients with T-ALL had

Table 1. RFCI primer and probe sequences.

Primers F- GGC CTGACC CCGAGCT
R- AGC CGT AGAAGC AAAGGTAGCA
Probes G- CAC GAG GCG CCG C;

A- CGA GGT GCC GCC AG
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(

a substantially higher mean total WBCs count (p=0.000) and blast homozygous genotypes AA and GG were more frequent in the con-
percentage (p=0.050) compared to those with B-ALL. The analysis trol group. However, the distribution of genotypes among the study
of Table 4 did not reveal any statistically significant correlation groups was not statistically significant. The regression analysis

between the mean counts of RBCs, hemoglobin, and PLTs. showed no statistically significant association between RFCI poly-
morphism and risk of ALL (Table 5).
Genotyping of RFCI (G80A) polymorphism The comparison of RFCI genotypes between youngsters aged

16 years or less (86 samples) and oldest patients (64 samples)

The RFCI homozygous AA genotype was prevalent in both  revealed a higher frequency of all genotypes (homozygous AA and

study groups. The comparison of genotypes distribution among the GG, and heterozygous GA) in children. However, the distribution of

study groups showed that the heterozygous genotype GA was more genotypes among the study groups did not show any statistically sig-
frequent in the patients’ group than in the control group, while the nificant differences, as indicated in Table 6.

Table 2. Comparison of the hematological parameters among the studied population.

Parameter Patients Control
Mean+ SD Mean+SD
WBCs count (x10°/L) 67.9£91.6 6.9+1.6
RBCs count (x10'%/L) 2.740.8 47403
PLT count (x10%L) 46.6+45.8 275.4+69.6
Hemoglobin (g/dL) 8.7+5.6 13.6+0.9
Blast (%) 62.5+18.8 -

SD, Standard deviation.

Table 3. Association of acute lymphoblastic leukemia (ALL) types with patient’s demographic data.

Variable B-ALL (%) T-ALL (%) p value

Age group Children 66 (44.0) 20 (13.3) 0.364
Adults 53 (35.3) 11(7.3)

Gender Men 79 (52.7) 21 (14.0) 0.887
Women 40 (26.7) 10 (6.7)

Table 4. Comparison of the hematological parameters according to acute lymphoblastic leukemia (ALL) subtype.

Parameter B-ALL T-ALL p value
Mean=SD Mean=SD

Total WBCs count (x10%L) 43.3+52.1 162.2+139.4 0.000

RBCs count (x10'%/L) 2.7+0.8 2.7+0.9 0.843

Hemoglobin (g/dL) 8.7+£6.2 8.6+£2.7 0.942

PLT count (x10°/L) 45.4+4.3 51.3+39.9 0.525

Blast (%) 60.9+18.3 68.3+19.6 0.050

SD, standard deviation.

Table 5. Frequency of RFCI polymorphic genotypes among the study groups.

Genotype Patients (%) Control (%) p value Odds Ratio
(95% Confidence Interval)

GG 39 (26.0) 41 (27.3)
GA 41 (27.3) 28 (18.7) 0.192 0.745 (0.473-1.174)
AA 70 (46.7) 81 (54.0)

Table 6. Comparison of the RFC1 (G80A) genotype among children and adult populations.

Genotype Children (%) Adult (%) p value Odds Ratio
(95% Confidence Interval)

GG 22 (25.6) 17 (26.6)
GA 21 (24.4) 20 31.2) 0.571 1.651 (0.860-3.173)
AA 43 (50.0) 27 (42.2)

OPEN aACCESS [Journal of Biological Research 2025; 98:13105]



Discussion

Replication Factor C subunit 1 (RFC1) is a common transmem-
brane protein that transports S5-methyltetrahydrofolate from the
bloodstream into cells. The malfunction of RFC1 has been demon-
strated to be associated with various diseases, including neural tube
abnormalities, congenital heart problems, Alzheimer’s Disease, and
homocysteinemia.!21¢ In addition, RFC1 facilitates the transfer of
Methotrexate from the extracellular fluid to the intracellular fluid,
hence contributing to its efficacy in treating rheumatoid arthritis and
ALL. Chango and colleagues!® found that persons with the AA
genotype had elevated plasma folate levels compared to those with
the GG genotype. Recent studies have underscored the importance
of the RECI G80A polymorphism in cancer development.!7-19

This study aimed to investigate the genetic variants of the
folate-related gene RFCI (G80A) as potential risk factors for the
development of ALL, given their involvement in the metabolism of
several environmental chemicals. The study included a total of 300
individuals of similar age and gender, 150 of them being patients
diagnosed with ALL and serving as the case group, while the other
150 were healthy volunteers, serving as the control group. The
majority of the ALL patients were men, with a men-to-women ratio
of approximately 2:1. This data is consistent with the results
recorded by Jawaid et al. in Pakistan, which indicated a higher
prevalence of men compared to women.20 In addition, the research
conducted by Sultan ef al. and Shahab and Raziq in Pakistan
revealed that the majority of the studied populations were men,
with a ratio men:women of 2:1.21-22 Our findings are also in agree-
ment with the results observed in Saudi Arabia and in USA.23:24
The findings of the current study revealed that the majority of the
patients (57.3%) were below the age of 16, which aligns with a
report provided by the American Cancer Society,>> Two-thirds of
the patients observed were between the ages of 6 and 16, according
to a study conducted in Sudan by Ebrahim ez a/.?® The examination
of the Complete Blood Count (CBC) in ALL patients showed
leukocytosis, anemia, thrombocytopenia, and a high blast percent-
age. These results align with the findings of other studies conduct-
ed in Sudan, Mexico, Iran, Egypt, and Pakistan.23-3!

In this study, the prevalence of B-ALL was higher than that of T-
ALL. This finding is consistent with many studies conducted in
Jordan, Nepal, Italy, Egypt, and Mexico;323¢ all reports indicated a
greater occurrence of B-ALL compared to T-ALL. However, our
discovery contradicts a study conducted in Iran by Pahloosye et al.>
Furthermore, in a study conducted by Mushtaq et al. in Pakistan® a
higher occurrence of T-ALL than B-ALL was discovered. This vari-
ance may validate the diverse nature of the disease and seems to be
influenced by a combination of environmental and biological fac-
tors, thus necessitating additional research to investigate potential
contributing elements.

The current study found that patients with T-ALL had a signifi-
cantly higher mean total WBC count (p value = 0.000) and mean
blast percentage (p value = 0.050) compared to patients with B-
ALL. However, there was no statistically significant difference in
the mean values of other parameters such as RBCs count, PLTs
count, and Hb concentration (p values = 0.843, 0.525 and 0.942,
respectively). These findings are consistent with a study conducted
in China by Dai et al.,’° which also reported higher total WBC count
and blast count in patients with T-ALL compared to those with B-
ALL. Furthermore, our research aligns with two separate investiga-
tions conducted in Brazil by De Sousa ef al.,* and in Iraq by Jaafar
and Kadhom.*! Both studies concluded that the total WBC count is
significantly higher in T-ALL compared to B-ALL.
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In relation to RFCI (G80A) polymorphism, the occurrence of
the heterozygous GA genotype was greater (27.3%) in ALL patients
compared to the control group (18.7%), whereas the homozygous
AA and GG genotypes were lower in the patients (46.7% and 6.0%)
than in the control group (54.0% and 27.3%, respectively).
Nevertheless, the relationship between the polymorphism and the
likelihood of developing ALL was not statistically significant when
it is compared between children samples with adult samples (OR:
0.745,95% CI: 0.473-1.174, p value = 0.192). Several research have
investigated the associations between the RFC/ (G80A) polymor-
phism and the risk of various diseases, including ALL. This finding
is consistent with a limited number of studies that have found no sig-
nificant connection between the RFCI genotypes of these polymor-
phisms and the likelihood of developing ALL. Yang et al. discovered
that the RF'C1 (A80G) polymorphism did not have any impact on the
risk of pediatric ALL in Han Chinese individuals. The OR was 1.29,
with a 95% CI ranging from 0.81 to 2.07. The p value was 0.287.4
However, other published research has refuted the present discovery
and proposed that the RFCI polymorphism leads to a diminished
effectiveness in the cellular absorption of folate and 2-
Methyltetrahydrofuran, resulting in an elevated likelihood of devel-
oping ALL.#*# Yang e al. demonstrated that the RFCI 80AA
mutation significantly increased the vulnerability to adult ALL by
approximately two times (OR: 2.09, 95% CI 1.19-3.67; p value =
0.01).#2 De Jonge ef al., conducted a study in Western Europe,*
which revealed that the RFCI variant had the most significant
impact on the chance of developing leukemia. Specifically, those
with the RFCI 80AA variant had a 2.1 times higher risk (95% CI,
1.3-3.2; p value = 0.002), while A-allelic carriers had a 1.5 times
higher risk (95% CI, 1.1-2.1; p value = 0.02). In a study conducted
by Vijayakrishnan in 2010 in the United Kingdom, a strong correla-
tion was discovered between RFCI and a higher vulnerability to
ALL. The OR was found to be 1.37, with a 95% CI of 1.10-1.72. The
p value was determined to be 0.005.4> A meta-analysis was conduct-
ed to reassess the relationship between the RFCI (G80A) polymor-
phism and the risk of cancer. The results of this analysis indicate that
this particular polymorphism significantly increases the risk of ALL.
Specifically, individuals with the GA genotype have a 1.13 times
higher risk compared to those with the GG genotype (OR = 1.13,
95%; CI = 1.001-1.28, p value = 0.048). Furthermore, individuals
with the AA or GA genotypes combined have a 1.28 times higher
risk compared to those with the GG genotype (OR = 1.28, 95% CI
= 1.13-1.46, p value < 0.001)."!

The study found no statistically significant difference in mean
RBCs count, hemoglobin concentration, total WBC count, platelet
count, and blast percentage between ALL patients with wild and
mutant types of RFC1 (G80A). The p values for these comparisons
were 0.355, 0.671, 0.255, 0.923, and 0.079, respectively.
Additionally, there was no published data on the correlation between
RFC1 polymorphism and complete blood count.

Conclusions

As far as we know, there is no published evidence available on
the link between RFCI polymorphism and complete blood count in
Sudan. Our research findings indicate that ALL is more prevalent in
children compared to adults. Additionally, according to the gender it
seems that men are more susceptible to this condition than women,
with a ratio of 2:1. Furthermore, the B-cell type of ALL is more
prevalent than the T-cell type. Lastly, our study suggests that the
RFCI polymorphism does not contribute to the risk of developing
ALL. Further research with a substantial number of participants is
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necessary to examine the influence of these genetic variations on the
Sudanese population. This would provide a more precise under-
standing of these findings.

References

1.

10.

11.
12.
13.
14.

15.

16.
17.

18.

OPEN aACCESS

Ulrich CM, Curtin K, Potter JD, et al. Polymorphisms in the
reduced folate carrier, thymidylate synthase, or methionine syn-
thase and risk of colon cancer. Cancer Epidemiol Biomarkers
Prev 2005;14:2509-16.

. Ek16f'V, Van Guelpen B, Hultdin J, et al. The reduced folate car-

rier (RFC1) 80G> A and folate hydrolase 1 (FOLH1) 1561C>T
polymorphisms and the risk of colorectal cancer: A nested
casel referent study. Scand J Clin Lab Invest 2008;68:393-401.

. Curtin K, Ulrich CM, Samowitz WS, et al. Candidate pathway

polymorphisms in one-carbon metabolism and risk of rectal
tumor mutations. Int ] Mol Epidemiol Genet 2011;2:1-8.

. Joki¢ M, Bréi¢-Kosti¢ K, Stefulj J, et al. Association of MTHFR,

MTR, MTRR, RFC1, and DHFR gene polymorphisms with sus-
ceptibility to sporadic colon cancer. DNA Cell Biol
2011;30:771-6.

. Yiu TT, Li W. Pediatric cancer epigenome and the influence of

folate. Epigenomics 2015;7:961-73.

. Lv H, Hu S-Y, Du Z-Z, et al. Gene polymorphisms in the folate

metabolic pathway and risk of pediatric acute lymphoblastic
leukemia: a case-control study in a Chinese population. Int J
Clin Exper Pathol 2018;11:1724.

. Koppen 1J, Hermans FJ, Kaspers GJ. Folate related gene poly-

morphisms and susceptibility to develop childhood acute lym-
phoblastic leukaemia. Br J Haematol 2010;148:3-14.

. Matherly LH, Hou Z, Deng Y. Human reduced folate carrier:

translation of basic biology to cancer etiology and therapy.
Cancer Metastasis Rev 2007;26:111-28.

. Kung TN, Dennis J, Ma Y, et al. RFC1 80G> A is a genetic

determinant of methotrexate efficacy in rheumatoid arthritis: a
human genome epidemiologic review and metal analysis of
observational studies. Arthritis Rheumatol 2014;66:1111-20.
Yee SW, Gong L, Badagnani I, et al. SLC19A1 pharmacoge-
nomics summary. Pharmacogen Genomics 2010;20:708-15.
Huang X, Gao Y, He J, et al. The association between RFC1
G80A polymorphism and cancer susceptibility: Evidence from
33 studies. J Cancer 2016;7:144.

Shang Y, Zhao H, Niu B, et al. Correlation of polymorphism of
MTHFRs and RFCI[11 genes with neural tube defects in China.
Birth Defects Res A Clin Mol Teratol 2008;82:3-7.

Pei L, Zhu H, Zhu J, et al. Genetic variation of infant reduced
folate carrier (A80G) and risk of orofacial defects and congenital
heart defects in China. Ann Epidemiol 2006;16:352-6.

Bi X-H, Zhao H-L, Zhang Z-X, Zhang J-W. Association of
RFC1 A80G and MTHFR C677T polymorphisms with
Alzheimer’s disease. Neurobiol Aging 2009;30:1601-7.

Chango A, Emery-Fillon N, de Courcy GP, et al. A polymor-
phism (80G-> A) in the reduced folate carrier gene and its asso-
ciations with folate status and homocysteinemia. Molecular
Genet Metab 2000;70:310-5.

Blom HJ, Smulders Y. Overview of homocysteine and folate
metabolism. With special references to cardiovascular disease
and neural tube defects. J Inherited Metab Dis 2011;34:75-81.
de Miranda DO, Barros JE, Vieira MMS, et al. Reduced folate
carrier-1 G80a gene polymorphism is associated with neuroblas-
toma’s development. Molecular Biol Rep 2014;41:5069-75.
Silva RMS, Fontes ACL, Silva KA, et al. Polymorphisms

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

involved in folate metabolism pathways and the risk of the
development of childhood acute leukemia. Genet Test Mol
Biomarkers 2013;17:147-52.

Montalvao-de-Azevedo R, Vasconcelos GM, Vargas FR, et al.
RFC-1 80G> A polymorphism in case-mother/control-mother
dyads is associated with risk of nephroblastoma and neuroblas-
toma. Genet Test Mol Biomarkers 2015;19:75-81.

Jawaid A, Arif K, Amjad N. Clinical presentations of acute
leukemia in Pediatric Emergency Department of Pakistan. Bone
2017;29:27.7-3.3.

Sultan S, Irfan SM, Parveen S, Mustafa S. Acute lymphoblas-
tic leukemia in adults-an analysis of 51 cases from a tertiary
care center in Pakistan. Asian Pacific J Cancer Prev 2016;17:
2307-9.

Hussen MMA, Mohamed BA, Ali AW, Altayeb HN. Association
of Cytochrome P450 2 E1 (C1053T) and NADPH Quinone
Oxide Reducatase 1 (C609T)(C 465T) genes polymorphism
with acute lymphoblastic leukemia in Sudanese patients. Thesis.
Sudan University of Science & Technology. 2019.

Bazarbashi S, Al Eid H, Minguet J. Cancer incidence in Saudi
Arabia: 2012 data from the Saudi cancer registry. Asian Pac J
Cancer Prev 2017;18:2437.

Nass SJ, Patlak M (Rapporteurs), National Cancer Policy
Forum, Board on Health Care Services, Institute of Medicine.
Comprehensive cancer care for children and their families:
Summary of a Joint Workshop by the Institute of Medicine and
the American Cancer Society. Washington: National Academies
Press; 2015.

American Cancer Society. Cancer Facts and Figures 2006.
American Cancer Society Atlanta; 2008.

Ebrahim J, Tanious A, Mirgani A, et al. Immunophenotypic fea-
tures of t cell-acute lymphoblastic leukemia in Sudan. 2017.
Available from: https://www.researchgate.net/publication/
367165236 IMMUNOPHENOTYPIC _FEATURES OF T C
ELL-ACUTE_LYMPHOBLASTIC_LEUKEMIA IN_
SUDAN

Hanna J. Expression of CD95 in acute lymphocytic leukemia
(ALL) in Egyptian children before and after treatment. J Blood
Disord Transfus 2015;6:1.

Barakat M, Elkhayat Z, Kholoussi N, et al. Monitoring treatment
response of childhood acute lymphocytic leukemia with certain
molecular and biochemical markers. J Biochem Mol Toxicol
2010;24:343-50.

Mahmood N, Shahid S, Bakhshi T, et al. Identification of signif-
icant risks in pediatric acute lymphoblastic leukemia (ALL)
through machine learning (ML) approach. Medical Biol Engin
Computing 2020;58:2631-40.

Jaime-Pérez JC, Garcia-Arellano G, Herrera-Garza JL, et al.
Revisiting the complete blood count and clinical findings at
diagnosis of childhood acute lymphoblastic leukemia: 10-year
experience at a single center. Hematol Transfus Cell Ther
2019;41:57-61.

Moussavi F, Hosseini S, Saket S, Derakhshanfar H. The first
CBC in dDiagnosis of childhood acute lymphoblastic leukemia.
Int J Med Investigation 2014;3:9-12.

Aljaafreh L. Immunophenotypic profile of acute leukemia cases
using multicolor flow cytometry; three year experience at King
Hussein medical center. JRMS 2015;22:53-8.

Shrestha S, Shrestha J, Pun C, et al. Immunophenotypic study of
acute leukemia by flow cytometry at BPKMCH. J Pathology
Nepal 2013;3:345-50.

Spinelli O, Tosi M, Peruta B, et al. Prognostic significance and
treatment implications of minimal residual disease studies in

[Journal of Biological Research 2025; 98:13105]



35.

36.

37.

38.

39.

40.

Philadelphia-negative adult acute lymphoblastic leukemia.
Mediterr J Hematol Infect Dis 2014;6:€2014062.

Terwilliger T, Abdul-Hay M. Acute lymphoblastic leukemia: a
comprehensive review and 2017 update. Blood Cancer J
2017;7:e5717.

Gallegos-Arreola M, Borjas-Gutiérrez C, Zuiiga-Gonzalez G, et
al. Pathophysiology of acute lymphoblastic leukemia. INTECH
2013;3:43-60.

Pahloosye A, Hashemi AS, Mirmohammadi SJ, Atefi A.
Presenting clinical and laboratory data of childhood acute lym-
phoblastic leukemia. Iranian J Pediatric Hematol Oncol
2011;1:71-7.

Mushtaq N, Fadoo Z, Naqvi A. Childhood acute iymphoblastic
leukaemia: Experience from a single tertiary care facility of
Pakistan. J Pakistan Med Assoc 2013;63:1399.

Dai Q, Zhang G, Yang H, et al. Clinical features and outcome of
pediatric acute lymphoblastic leukemia with low peripheral
blood blast cell count at diagnosis. Medicine 2021;100:¢24518.
Sousa DWLd, Ferreira FVdA, Félix FHC, Lopes MVdO. Acute
lymphoblastic leukemia in children and adolescents: prognostic

[Journal of Biological Research 2025; 98:13105]

41.

42.

43.

44,

45.

4

factors and analysis of survival. Revista Brasileira de
Hematologia e Hemoterapia 2015;37:223-9.

Jaafar FH, Kadhom AE. Expression of CD45, CD34, CD10, and
human leukocyte antigen-DR in acute lymphoblastic leukemia.
Iraqi J Hematol 2018;7:14-9.

Yang L, Liu L, Wang J, et al. Polymorphisms in folate-related
genes: impact on risk of adult acute lymphoblastic leukemia
rather than pediatric in Han Chinese. Leuk Lymphoma
2011;52:1770-6.

Gemmati D, Ongaro A, Scapoli, et al. Common gene polymor-
phisms in the metabolic folate and methylation pathway and the risk
of acute lymphoblastic leukemia and non-Hodgkin’s lymphoma in
adults. Cancer Epidemiol Biomarkers Prev 2004;13:787-94.

de Jonge R, Tissing WJ, Hooijberg JH, et al. Polymorphisms in
folate-related genes and risk of pediatric acute lymphoblastic
leukemia. Blood 2009;113:2284-9.

Vijayakrishnan J, Houlston RS. Candidate gene association
studies and risk of childhood acute lymphoblastic leukemia: a
systematic review and meta-analysis. Haematologica 2010;
95:1405.

OPEN 8ACCESS



