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The most studied IL-17 family member is IL-17A. It has been implicated in the pathogenesis of many dis-
orders, including inflammatory, autoimmune and cancer disorders. However, the role of this cytokine in
the pathophysiology of acute lymphoblastic leukemia (ALL) remains poorly studied. The purpose of this
study was to investigate the role of IL-17A gene single-nucleotide polymorphisms in the occurrence of
ALL in Saudi population. The current study included 136 patients with ALL and 114 age and gender-
matched healthy controls. The relationship between three functional SNPs of IL-17A gene; rs3748067,
rs3819025 and rs8193036 was assessed in both ALL and healthy control following five inheritance mod-
els. In addition. the level of IL-17A mRNA was analyzed by quantitative polymerase chain reaction (qRT-
PCR). The results revealed a statistically significant protective effect of the rs3748067 CT genotype against
ALL in dominant, overdominant and additive models (p < 0.05). No association was observed between the
rs3819025, and rs8193036 and the risk to develop ALL (P > 0.05). Haplotype analysis showed association
of CTG (OR = 0.52, 95 %CI 0.29–0.94, p = 0.03), and TCG (OR = 0.45, 95 %CI 0.25–0.81, p = 0.009) of
rs3748067, rs8193036 and rs3819025 with higher risk of ALL. Our results showed that IL-17A promoter
rs3748067 variant may reduces the risk to ALL.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Childhood acute lymphoblastic leukemia (ALL) is the most com-
mon malignancy diagnosed in children, characterized by the prolif-
eration of lymphoid progenitor cells in the bone marrow, blood,
and extramedullary sites. Ninety percent of ALL cases occur in chil-
dren, whereas it is a devastating disease when it occurs in adults
(Inaba et al., 2013). In most cases, relapses, treatment resistance,
and serious infections are the leading causes of death. Tissue
microenvironmental pro-survival signals, such as intricate cross-
talk between ALL cells and CD4+ T cells, mesenchymal stromal
cells, and various cytokines, help to maintain leukemic clones
and promote chemotherapy resistance in adult ALL patients
(Purizaca et al., 2012).

Th17 cells, were determined as unique subset of T helper cells
that play an important role in both innate and adaptive immunity.
They secretes a high quantity of interleukin (IL)-17, known as pro-
inflammatory cytokine (Harrington et al., 2005; Iwakura et al.,
2011). IL-17 includes six family members (IL17A to F) which bind
to five receptors (IL-17RA to E) (Kawaguchi et al., 2004). IL-17A is
one of the most important cytokines of IL-17 family members and
usually known as IL-17. It plays an important role in autoimmune
diseases, chronic inflammatory diseases and malignancies (Dai
et al., 2016a; Su et al., 2010). Corroborating studies have reported
that IL-17A can induce the expression of various inflammatory
chemokines, cytokines and adhesion molecules involved in
inflammation-related cancer (Dai et al, 2016b; Song & Qian,
2013). It has been reported to play regulatory role in cellular pro-
liferation, angiogenesis and metastasis. In addition, it may con-
tributes to the increased susceptibility to tumors (Yang et al.,
2014). In fact, IL-17 production is tightly regulated, and its over-
production may induce inflammation, that were associated with
a myriad of pathologies, including allergies, celiac disease, and
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cancers (Bedoui et al., 2018; Cui et al., 2012; Lee et al., 2018;
Numasaki et al., 2003; Tseng et al., 2014; Veldhoen, 2017). Also,
It has been reported that IL-17A is overexpressed in a variety of
cancers, including ovarian, gastric, prostate, colorectal, lung, hepa-
tocellular, and esophageal(Kirshberg et al., 2011; Kuang et al.,
2010; Le Gouvello et al., 2008; Lv et al., 2011; Miyahara et al.,
2008; Sfanos et al., 2008; Zhang et al., 2008). Single nucleotide
polymorphisms (SNPs) are as the most common type of genetic
diversity in the human genome usually associated with a detri-
mental phenotype (Erichsen & Chanock, 2004; Li et al., 2018). They
can be found in different parts of the genes including the promot-
ers, exons, introns, and also the 50- and 30- UTRs (Deng et al., 2017).
This can results in the production of an altered protein that could
cause functional impairment of the protein or influence its expres-
sion implications, especially if they are located in the coding
regions or regulatory regions of the genes (Fernández et al.,
2016). In this context, large number of SNPs, especially those
affecting the function of some molecules reported to play impor-
tant role in tumorigenesis, have been investigated and were found
to be associated with the risk to develop cancer disease or to influ-
ence the outcome of pharmacological treatments (Deng et al.,
2017; Erichsen & Chanock, 2004; Lange et al., 2021). Currently,
many studies have reported the association of some SNPs in the
IL-17 gene with cancer diseases including gastric (Elshazli et al.,
2018), breast (Wang et al., 2012), colorectal (Li et al., 2022) and
thyroid cancer (Bertol et al., 2022). At the present, there is still a
lack of data on the relationship between IL and 17A gene polymor-
phism and disease susceptibility to ALL. In Saudi Arabia, few stud-
ies have been performed on the association between some
polymorphisms in the immune molecules such as TLR-4 and
HLA-G with ALL, and strong relationships were found between
some poliorphism and the occurrence of the disease a (Al-
Tamimi et al., 2022; AlKhulaifi et al., 2022).

Therefore, in this studywe genotyped three representative func-
tional IL-17A SNPs; rs3748067(C>T), IL-17A rs3819025 (G>A), and
IL-17A rs8193036 (C>T) polymorphisms and examined their possi-
ble associationwith ALL in a case/control study in Saudi population.
2. Material and methods

2.1. Patients and healthy control

The present study has enrolled 136 Saudi patients, including 20
(15%) females and 115 (85%) males) with acute lymphoblastic leu-
kemia (ALL) living in Riyadh city. Control group is composed of 114
healthy volunteers including 37 female (32.5%) and 77 male
(67.5%) age- and sex-matched. The mean age of the study popula-
tion was 22.45 ± 20.27 years for the patients with ALL and 18.68 ±
15.53 years for the healthy controls (Table 1). None of control sub-
jects reported personal or family history with ALL and any other
chronic or immune diseases.

2.2. Samples collection and DNA extraction

3 ml of blood samples were drawn aseptically from each study
groups and stored at �20�C in ethylenediaminetetraacetic acid
Table 1
Demographic and main clinical data of ALL patients and control used for IL-17A SNP
genotyping.

Characteristics ALL (136) Control (114)

Male 116 77

Gender (number) Female 20 37
Age (average ± SD) 22.45 ± 20.27 18.68 ± 15.53

2

(EDTA)-containing tubes before analysis. The DNA of peripheral
blood from ALL patients and healthy controls was extracted by
QIAamp DNA Mini Kit (Qiagen, Germany) according to the manu-
facturer’s instructions. The concentration of DNA was measured
with a Nanodrop ND-2000c spectrophotometer (Thermo Scientific,
Wilmington, DE, USA).

2.3. Single nucleotide polymorphisms (SNPs) selection

In this research, we identified three single nucleotide polymor-
phisms (SNPs) in IL-17A gene (rs3748067, rs3819025 and
rs8193036) through the dbSNP databases (https://www.ncbi.nlm.
nih.gov/snp/)). SNP were selected according to their minor allele
frequency (MAF) �5%.; Hardy-Weinberg equilibrium (HWE) P
value cut-off > 0.005 (Table 2).

IL-17 genotyping of the three SNPs was performed by vIC- and
FAM-labelled allelic discrimination method, using assay-on-
demand TaqMan assays ordered from Applied Biosystems accord-
ing to the manufacturer’s instructions using an ABI Prism 7500
Real-time PCR system (Applied Biosystems, Foster City, USA).
Real-time PCR was implemented in 10 ll a reaction system con-
taining 0.26ll 2x SNP Genotyping Assay, 5.5ll 2xPower Taq Mas-
terMix Mix, 2.24ll Nuclease-Free Water, and 2 ll DNA template
(100 ng/ll).

The PCR conditions for IL-17A rs3748067, rs3819025 and
rs8193036 were 1 cycle at 95�C for 10 min followed by 40 cycles
(95�C for 15 s, 55�C for 30 s, and 72�C for 30 s) and a final extension
at 72�C for 5 min. For confirmation, about 5% of the samples were
randomly chosen for repeat genotyping.

2.4. Quantitative real-time PCR analysis

Briefly, total RNA was extracted using PureLinkTM RNA Mini Kit
(Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s
instructions. Roughly, 1 lg of total RNA from every sample was
used to synthesize cDNA with PrimeScript RT reagent Kit (Takara
Bio Inc., Dalian, China). The reverse transcription reaction was per-
formed at 37 �C for 15 min, followed by 5 s at 85 �C.

Real-time quantitative PCR was performed using an ABI Prism
7500 Real-time PCR system (Applied Biosystems, Foster City, CA,
USA) in accordance to the manufacturer’s protocols. The real-
time PCR was performed as reported by (AlKhulaifi et al., 2022).
Briefly, in a final volume of 10 ll, 5 ll of SYBR Green Real-time
PCR Master Mix, 3.2 ll of DEPC- treated H2O, 1 ll of cDNA, 0.8
ll of the forward and reverse primers and 1 ll of cDNA. For specific
17A amplification, the sequences of primers used were F: 50-
CCGTTTTATCACGGAGGTGGT-30and R: 50-CTGCCTAAATGCCTCAGG
GG �30. 0.All experiments were carried out in triplicate. Target
results were expressed relative to the number of GAPDH tran-
scripts used as an internal control. The primer sequences of GAPDH
were: F: 50-TCTCCTCTGACTTCAACAGCGAC-30 and R: 50-CCCTGTTG
CTGTAGCCAAATTC-3. For the relative quantification, data were
analyzed by the comparative 2�DDCt method and normalized to
the average of housekeeping gene GAPDH.

2.5. Statistical analysis:

Association study including the model with the lowest Akaike
information criteria (AIC) value was considered as the best one.
Odds ratios (OR) with 95 % confidence intervals (CI) were
calculated using logistic regression.

All SNPs were tested for deviation to Hardy–Weinberg equilib-
rium using the Chi-square test. The relative risk associated with
alleles and genotypes was calculated as an odds ratio (OR) with a
95% confidence interval (CI) for five inheritance models including
co-dominant, dominant, recessive, over-dominant and log-
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Table 2
Characteristics of selected polymorphisms involved in the IL-17A.

SNP ID/assay ID Chromosome position Nucleotide
change

Region MAF imHuman populations (1000genomes Study) Present study

Global European South Asian East Asian Qatari

rs3748067 Chr6/ 52,190,541 C/T 3-’UTR T = 0.09 T = 0.10 T = 0.09 T = 0.09 T = 0.060 T = 0.11
rs3819025 Chr 6/ 52,186,476 G/A Intron Variant A = 0.07 A = 0.06 A = 0.16 A = 0.22 A = 0.09 A = 0.16
rs8193036 Chr 6/ 52,185,695 C/T Upstream Variant T = 0.74 T = 0.75 T = 0.56 T = 0.29 T = 0.19 T = 0.16

MAF: minor allele frequency.
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additive models were performed using the web-based SNPStats
software program (Solé et al., 2006). Analysis of the linkage dise-
quilibrium (D0) between the IL-17A SNPs was also estimated using
the SNPStats and Haploview. softwares.
3. Results

A total of 136 eligible patients and 114 controls were genotyped
for the three target SNPs of IL-17A (rs3748067 (C>T), rs3819025
(G>A) and rs8193036 (C>T)).

All patients and controls have been tested for IL-17A
rs3748067, rs3819025, and rs8193036) polymorphisms, using Taq-
Man methods.

The genotype distribution of IL-17A rs3748067(C>T) and
rs8193036 (C>T) polymorphisms in the control cohorts followed
Hardy–Weinberg equilibrium, except for IL-17A rs3819025 poly-
morphism (G/A).
3.1. Relationships between IL and 17A SNP and risk to ALL

Table 3 summarizes the allelic and genotypic distributions of
rs8193036 (C>T), rs3819025 (G>A) and rs3748067(C>T) polymor-
phisms among ALL patients and healthy controls and the strength
of association with disease following logistic regression. For the
rs3748067, protective effects were observed for the CT genotype
in codominant model; CT vs CC (OR = 0.47, 95%CI (0.25–0.91)
and p = 0.024) for overdominant model; CT versus CC + TT (OR =
0.50, 95%CI (0.26–0.91) and p = 0.024), for dominant model; CT +
TT vs CC (OR = 0.48, 95%CI (0.26–0.87) and p= 0.015) and Log addi-
tive model (OR = 0.59, 95%CI (0.37–0.95) and p= 0.025),. Also, the T
allele occurs with higher frequency in control (18%) compared to
ALL patients (11%), suggesting a protective effect (OR = 0.53 95%
CI (0.32–0.95) and p= 0.033) against ALL. Analysis of the
rs8193036 C>T, shows higher frequency of T allele among healthy
(23%) compared to ALL (16%), suggesting a protective effect (OR =
0.63, 95%CI (0.46–0.99) and p = 0.046). A higher frequency of TT
and CT genotypes in healthy individuals, but the differences are
not significant (p<0.05). For the rs3819025G>A, no significant asso-
ciation was found with ALL instead of some difference in the distri-
bution (p<0.05).
3.2. Haplotype analyses of IL-17A gene polymorphisms and risk to ALL

Table 4 shows the haplotype distributions of the IL-17A SNPs
rs3748067(CT), rs8193036 (CT) and s3819025 (GA) in ALL patients
and healthy control subjects. Among the 8 possible haplotypes six
with � 1% and representing cumulative of 99.25% were included in
the analysis. The C-G-C haplotype was the most frequent among
both healthy (51%) and patients (63%) and was considered as refer-
ence haplotype. Comparative analysis for the other 5 haplotypes
shows protective effects of T-G-C (OR = 0.52, 95%CI (0.29–0.94)
and p = 0.03) and C-G-T haplotype (OR = 0.45, 95%CI (0.25–0.81)
and p = 0.009).
3

Linkage disequilibrium (LD) analysis in control samples
revealed LD between rs3748067 and rs3819025 (D0 = 0.67, p =
0.0042) (Fig. 1).
3.3. Relative mRNA expression of IL-17A

The expression of IL17A gene in patients was assessed by qRT-
PCR. Analysis of the relative expression of mRNA level for ALL and
healthy control subjects shows slightly higher level in control than
in patients but the difference between groups is not significant (p <
0.05) (Fig. 2).
4. Discussion

Th17 cells and their secretory cytokines are thought to play
important role in autoimmune and inflammatory disorders but
also a key cytokine in host protective immunity to infection
(Agak et al., 2021; Hirota et al., 2011; Mease et al., 2015; Mills,
2022). Many studies have suggested that Th17 cells may have an
effect on solid tumors, but their role in hematological malignancies
is still being explored (Jin et al., 2019; Zhao et al., 2020). As well as,
they have been shown to promote tumor cell survival, angiogene-
sis, and metastasis, through the activation of inflammatory signal-
ing(Schetter et al., 2009; Wang et al., 2012; Wang et al., 2020; Wu
et al., 2016; Yang et al., 2014).

Previous studies has linked IL17A polymorphisms to an
increased risk to several types of cancer, including hepatocellular
carcinoma, gastric cancer, acute myeloid leukemia, colorectal can-
cer, and papillary thyroid cancer (Dai , et al., 2016b; ELBassuoni
et al., 2015; Hou et al., 2015; Lee et al., 2015; Li et al., 2022; Ma
et al., 2015; Niu et al., 2017; Omrane et al., 2014; Omrane et al.,
2015; Yang et al., 2014).

In the current study, we conducted a case/control study to eval-
uate the role of three selected SNPs of the IL-17A gene in the devel-
opment of acute lymphoblastic leukemia (ALL) in Saudi population.
Our analysis showed protective effects of the IL-17A rs3748067
polymorphism (located in the 30UTR) against ALL in Saudi popula-
tion. Significant protective relationship between the T allele (OR:
0.53 and p = 0.013) and heterozygous genotype TC in codominant
(OR: 0.47 and p = 0.024), dominant (OR: 0.48 and p = 0.015) and
overdominant (OR: 0.50 and p = 0.033) models. According to AIC
value, the dominant model is the expected model that fits the data
as it is the lowest among all models. In previous studies, some
associations between SNPs in the IL-17A gene and cancer diseases
have been reported. Similar to our finding, Bedoui et al. (2018),
found that Tunisian individuals carrying the heterozygous geno-
type of rs3748067 genotype were associated with a reduced risk
of colorectal cancer (OR = 0.56, p = 0.003). Wang et al. (2014)
reported that individuals sharing the CC genotype or C allele
(minor allele) have high risk to develop gastric cancer in Chinese
population, while the T allele and TT genotype confer protective
effect. However, in two independent meta-analysis after pooling
data from various studies, no association between rs3748067 and
gastric cancer was validated (Elshazli et al., 2018; Ying et al.,



Table 3
Distribution of IL-17A SNPs genotype and allele frequencies in ALL cases and control population. OR: Odds Ratio; CI: 95% confidence interval; HWE: Hardy–Weinberg equilibrium.

Locus Model Genotype ALL (%)
N = 136

Controls (%)
N = 114

OR (95 % CI) P-value AIC

rs8193036
C > T

Alleles C 0.84 0.77 1
T 0.16 0.23 0.63(0.46 – 0.99) 0.046

Codominant CC 98 (72.1 %) 71 (62.3 %) 1.00
CT 33 (24.3 %) 34 (29.8 %) 0.70 (0.40–1.24) 0.22 347.1
TT 5 (3.7 %) 9 (7.9 %) 0.40 (0.13–1.25) 0.10

Dominant CC 98 (72.1 %) 71 (62.3 %) 1.00
CT + TT 38 (27.9 %) 43 (37.7 %) 0.64 (0.38–1.09) 0.1 345.9

Recessive CC + CT 131 (96.3 %) 105 (92.1 %) 1.00
TT 5 (3.7 %) 9 (7.9 %) 0.45 (0.14–1.37) 0.15 346.5

Overdominant CC + TT 103 (75.7 %) 80 (70.2 %) 1.00
CT 33 (24.3 %) 34 (29.8 %) 0.75 (0.43–1.32) 0.32 347.7

Log-Additive — — 0.67 (0.44–1.02) 0.062 345.1
HWE (P value) 0.30 0.10

rs3819025
G > A

Alleles G 0.82 0.84 Ref –
A 0.18 0.16 0.83 (0.5203–1.3319) 0.5

Codominant GG 93 (68.4 %) 86 (75.4 %) 1.00 1
GA 36 (26.5 %) 20 (17.5 %) 1.66 (0.90–3.10) 0.10 347.1
AA 7 (5.2 %) 8 8 (7 %) 0.81 (0.28–2.33) 0.69

Dominant GG 93 (68.4 %) 86 (75.4 %) 1.00
GA + AA 43 (31.6 %) 28 (24.6 %) 1.42 (0.81–2.33) 0.22 347.1

Recessive GA + GG 129 (94.8 %) 106 (93 %) 1.00
GG 7 (5.2 %) 8 (7 %) 0.72 (0.25–2.05) 0.54 348.3

Overdominant GG-AA 100 (73.5 %) 94 (82.5 %) 1.00
GA 36 (26.5 %) 20 (17.5 %) 1.69 (0.91–3.13) 0.09 345.8

Log-Additive 1.16 (0.76–1.78) 0.49 348.2
HWE (P value) 0.187 0.0011

rs3748067
C > T

Alleles C 0.89 0.82 1
T 0.11 0.18 0.53 (0.32–0.88) 0.013

Codominant CC 112 (82.3 %) 79 (69.3 %) 1.00
CT 19 (14 %) 28 (24.6 %) 0.47 (0.25–0.91) 0.024 344.8
TT 5 (3.7 %) 7 (6.1 %) 0.50 (0.15–1.64) 0.25

Dominant CC 112 (82.3 %) 79 (69.3 %) 1.00
CT + TT 24 (17.6 %) 35 (30.7 %) 0.48 (0.26–0.87) 0.015 342.8

Recessive CT + CC 131 (96.3 %) 107 (93.9 %) 1.00
TT 5 (3.7 %) 7 7 (6.1 %) 0.58 (0.18–1.89) 0.36 347.8

Overdominant CC + TT 117 (86 %) 86 (75.4 %) 1.00
CT 19 (14 %) 28 (24.6 %) 0.50 (0.26–0.95) 0.033 344.1

Log-Additive 0.59 (0.37–0.95) 0.025 343.6
HWE (P value) 0.008 0.052

ALL acute lymphoblastic leukemia, OR odds ratio, 95 % CI 95 % confidence interval, *p < 0.05 was considered significant and are depicted in bold.

Table 4
Combinations of genotyped SNPs in IL17A showing significant differences between ALL patients and controls (Haplotype analysis).

rs8193036 rs3819025. rs3748067 ALL Control OR (95 % CI) P-value

C G C 0.63 0.51 Ref
T G C 0.09 0.16 0.52 (0.29–0.94) 0.025
C G T 0.08 0.16 0.45 (0.25–0.81) 0.0089
C A C 0.12 0.11 0.88 (0.48–1.61) 0.74
T A C 0.05 0.04 0.85 (0.32–2.24) 0.71
T G T 0.014 0.02 0.57 (0.13–2.53) 0.46
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2018). Another study on 62 acute myeloid leukemia patients and
125 healthy controls conducted by Zhu et al., 2015 Another study
on 62 acute myeloid leukemia patients and 125 healthy controls
conducted by Zhu et al., 2015 found that IL17A genetic polymor-
phisms were not associated with the risk of this cancer found that
IL17A genetic polymorphisms were not associated with the risk of
this cancer(Zhu et al., 2015). Contrary to the protective effect
abovementioned of the rs3748067 polymorphism, an increased
risk to develop cervical cancer was reported for people sharing
the TT genotype as reported by Niu et al., 2017 in a study from
Shangqiu, China. The disparities these results could be attributed
to racial differences, different patient selection criteria, the sample
size, and a different SNP detection assay. The functional effect of
the rs3748067 could be attributed to its location at the 30UTR of
the IL-17A gene, ant it might play a role in the regulation of the
gene expression following their interaction with MicroRNA mole-
4

cules (Bartel, 2004). The rs3748067 SNP, was reported to probably
influence with the IL17A expression by modifying the binding
affinity between miRNAs and the target sequence in the 30UTR reg-
ulatory region (Dong et al., 2017).

On the other hands, for the other two SNPs, rs3819025 and
rs8193036, no significant associations with any genotype were
found with the disease. However, slightly protective effect was
found with the minor allele, but mot confirmed for genotypes. In
the literature, few studies have investigated these two SNP in rela-
tion with cancer diseases. Similar to our results for the rs3819025,
no association with breast cancer (Wang et al., 2012), gastric can-
cer (Qinghai et al., 2014) and cervical cancer (Li et al., 2015) were
found in Chinese populations. Colorectal cancer was not also
affected by the rs3819025 in Tunisian population as reported by
Bedoui et al. (2018). For the rs8193036 (located in the promotor),
while no direct associations have been reported with cancer dis-



Fig. 1. Linkage disequilibrium (LD) plots of three SNPs in the IL-17A gene region.
The plot was generated by Haploview. Numbers in squares show D’ values between
the SNPs expressed as percentages within the respective squares.

Fig. 2. The relativeIL-17A gene expression estimated using 2 � DDCt method and
normalized to the average of the GAPDH housekeeping gene. (mean ± SD).
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eases, some studies have linked the mutations with some clinical
feature of cancer. In this context, recent study have reported asso-
ciation between rs8193036 with the EGFR mutation status and
more advanced stages (III + IV) among lung adenocarcinoma
(LUAD) patients, in a Taiwanese population (Lee et al., 2021). Also,
this SNP was significantly associated with breast cancer mortality
and all-cause mortality among women with greater native Ameri-
can ancestry but not among Hispanic (Slattery et al., 2014). Our
analysis of haplotypes associations, revealed potential protective
effects of T-G-C (OR = 0.52 and p = 0.025) and C-G-T (OR = 0.45
and p = 0.0089) of the rs8193036, rs3819025, rs3748067 haplo-
5

type. These two haplotypes share the rs3819025 G allele and prob-
ably TC heterozygous genotype of rs3748067. For IL-17A gene
expression different results have been reported. Some study have
associated high levels of proteins or mRNA with a better overall
outcomes (Chen et al., 2011), but others reported opposite effect
(Meng et al., 2012; Song et al., 2022). In our analysis, we did not
find significant differences between ALL and healthy control. This
is probably due to the low number of included subjects and the
heterogeneity between them. More analysis with consideration
of clinical selection criteria are recommended.

In conclusion for this study, we suggest that rs3748067 and the
haplotypes CTG and TCG may reduce the risk to ALL. These findings
could be helpful in the prognostic of ALL, but further large sample
studies are needed to confirm these results.
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