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ARTICLE INFO ABSTRACT

Keywords: Introduction: Childhood acute lymphoblastic leukemia is thought to result due to interaction of genetic and
HLA environmental factors. The association between it and different alleles of the HLA system has been studied over
Frequency the past decades in different countries.

::;i:;:i Objective: The aim of this study is to compare the frequency of HLA alleles in childhood ALL patients to the
Leukemia frequency in Lebanese population.

Lebanon Methods: We compared the HLA frequency in 92 patients with childhood ALL to frequency in general Lebanese

population published in previous studies.
Results: An increased frequency of HLA A30 (P value = 0.028), HLA B13 (P value = 0.005) and HLA CW17(P
value = 0.025) in pediatric ALL patients compared to the general population was noted. No differences in HLA

class II alleles were seen.

Conclusion: Three Class I HLA alleles (HLA A30, HLA B13 and HLA CW 17) might have a predisposing effect on
childhood acute lymphoblastic leukemia in Lebanese patients.

1. Introduction

The human leukocyte antigen (HLA) system is divided into class I
(HLA-A, HLA-B and HLA-C) and class II (HLA-DP,-DQ, and-DR) and has
an established role in regulating hosts response to inflammation, in-
fections and ‘non-self’ antigens as well as in regulating the hosts immune
systems including the innate, adaptive and complement system (Shiina
et al., 2009). The association of genetic variability and disease occur-
rence has been studied extensively in the last century reaching a com-
mon agreement that there is a best version of alleles at each locus (Klitz
et al.,, 2012). The HLA system, being the most polymorphic genetic
system in humans, is no exception and has been associated with a wide
range of diseases including leukemias, multiple sclerosis, and rheuma-
tological diseases (Klitz et al., 2012). Leukemia was the first disease
proven to be associated with HLA system in a mouse model linking the
MHC H2k haplotype to gross retroviral leukemia (Lilly et al., 1964).

Since then, the relation between some HLA genes and childhood acute
lymphoblastic leukemia (ALL) has been extensively investigated in
multiple population showing predisposing and protective HLA alleles
(Klitz et al., 2012; Taylor et al., 2008; Hosking et al., 2011), prognostic
value of some HLA alleles (Orgad et al., 1988) and their association with
risk of ALL relapse (Ng et al., 2006). However, till to date no studies were
published on the role of HLA alleles as diagnostic marker or as treatment
guide in clinical settings.

ALL is the most common cancer among pediatric patients and B-cell
precursor ALL represents 70% of all cases (Hosking et al., 2011). After
induction therapy, around 95% of childhood ALL cases achieve com-
plete remission, yet some of those relapse (Assumpcao et al., 2010).
Generally, patients with increased leukocytosis are expected to have a
poor outcome and this is mainly related to the increase of tumor necrosis
factor alpha in the plasma, as well as decreased level of IgG at presen-
tation (Potapnev et al., 2003; Potapnev et al., 2004). The disease
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pathogenesis is the result of interaction between environmental, genetic,
and immunological factors; one theory linking the mentioned factors is
an infectious trigger by different viral agents resulting in an immune
response involving the HLA system (Taylor et al., 1998). Thus, it is
important to explore the genetic susceptibility or resistance of some HLA
alleles to ALL (Hosking et al., 2011).

To date, no previous studies have been performed in the Lebanese
population neither in the Arab community in general aiming to assess
whether Lebanese patients have any predisposition for leukemia due to
the genetic make-up of their HLA system. We are at an advantage of
publishing this interesting data to come up because of the affiliation to
the Children’s Cancer Center of Lebanon (CCCL) with a high referral rate
of pediatric leukemias for evaluation and treatment.

2. Methods
2.1. Patients and controls

In this retrospective study, we reviewed all the HLA results of pedi-
atric ALL cases (92 patients) that have been diagnosed at/referred to the
Children’s Cancer Center Lebanon (CCCL) at the American University of
Beirut Medical Center (AUBMC) by accessing the Laboratory Informa-
tion System of the Department of Pathology and Laboratory Medicine.

The control group consisted of healthy Hematopoietic stem cell and
kidney potential donors tested for HLA at AUBMC whose data has been
published previously (Khansa et al., 2013; Khansa et al., 2012).

2.2. HLA testing

HLA testing is done at the HLA laboratory using Luminex technology
to the reverse SSO typing method (LABTypeTM SSO TYPING TESTS,
2022).

2.3. Statistical analysis

Gene frequencies of the HLA-alleles from patients and control groups
were compared using y analysis through a 2 x 2 contingency tables and
Fisher’s exact test when appropriate; P values less than 0.05 were
considered statistically significant.

3. Results

Tables 1 and 2 show the difference in the frequency of HLA alleles
Class I and Class II respectively between the control group and pediatric
Lebanese patients diagnosed with ALL. Among the HLA class I (HLA A,
HLA B and HLA C), there were no statistically significant difference
between the two groups except for HLA-A30 (P value = 0.028), HLA-B13
(P value = 0.005) and HLA-CW17 (P value = 0.025) which were found
to be twice as common in the patients group compared to the control
group. However, in HLA class II alleles (HLA DQB1 and HLA DRB1), in
contrast to what is found in literature there were no statistically sig-
nificant difference between the two groups in any of the alleles present
in the population.

Table 3 display the different HLA class I and II antigens having either
a predisposing or protective risk for ALL found in literature.

4. Discussion

The first association of HLA to leukemia in humans was reported
almost fifty years ago, demonstrating an increased expression of HLA
A02 in patients compared to their counterpart healthy individuals
(Walford et al., 1970; Dausset, 1981). In our study, the frequency of HLA
A30 in the patients’ group was found to be higher than the general
population which was also reported in a study done in the US (Klitz
et al., 2012). HLA class I A alleles were shown in the literature to have
either a protective, neutral or predisposing effect on ALL. Some of the
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Table 1

HLA Class I Antigen frequency in pediatric ALL patients and healthy controls.
Allele Frequency Percentage Frequency Percentage P value

(control) (control) (ALL) (ALL)

A01 245 12.3 16 8.69 0.1971
A 02 374 18.78 31 16.84 0.5953
A 03 195 9.78 22 11.97 0.3971
A1l 100 4.99 6 3.26 0 0.3101
A 23 83 4.19 7 3.8 0.8224
A 24 330 16.65 30 16.3 0.9421
A 25 5 0.24 1 0.54 0.4115
A 26 104 5.18 10 5.43 0.9036
A 29 65 3.22 6 3.26 0.9993
A 30 133 6.69 21 11.43 0.0279
A31 23 1.14 0 0 0.2531
A 32 90 4.54 6 3.26 0.4462
A 33 78 3.94 9 4.89 0.5343
A 34 4 0.2 0 0 1
A 66 14 0.68 3 1.63 0.1682
A 68 103 5.1 12 6.52 0.4577
A 69 44 2.15 3 1.63 0.7935
A74 3 0.16 0 0 1
A 80 1 0.06 1 0.54 0.1618
Total 1994 100 184 100 NA
B*07 53 4.0000 8 4.35 0.8540
B*08 29 2.2100 3 1.63 0.7890
B*13 42 3.2000 14 7.6 0.0052
B*14 62 4.7300 6 3.2 0.3878
B*15 47 3.5900 8 4.3 0.6235
B*18 89 6.7900 13 7 0.9005
B*27 11 0.8400 3 1.6 0.4008
B*35 242 18.5000 35 19.02 0.8851
B*37 10 0.7000 1 0.54 1
B*38 53 4.0000 4 2.17 0.2284
B*39 18 1.3000 2 1.08 1
B*40 39 2.9700 1 0.5 0.0519
B*41 84 6.4200 16 8.6 0.2828
B*42 5 0.3800 1 0.5 0.5464
B*44 97 7.4000 12 6.5 0.6858
B*45 12 0.9200 2 1.08 0.6874
B*46 1 0.0400 0 0 1
B*47 14 0.9500 1 0.5 1
B*49 49 3.7100 9 4.9 0.4697
B*50 65 4.9600 13 7.06 0.2589
B*51 112 8.5100 13 7.06 0.5274
B*52 59 4.5000 8 4.34 0.9254
B*53 14 1.0300 2 1.08 1
B*54 1 0.0400 1 0.54 0.2313
B*55 38 2.9000 5 2.71 0.8910
B*56 2 0.0110 0 0 1
B*57 23 1.7600 2 1.08 0.7596
B*58 25 1.9100 1 0.54 0.2401
B*73 13 0.8800 0 0 0.3886
Total 1309 100 184 100 NA
CW*01 32 2.6600 2 1.08 0.3064
CW*02 28 2.4000 2 1.08 0.4168
CW*03 54 4.5200 7 3.8 0.6259
CW*04 220 18.8000 34 18.47 0.9069
CW*05 27 2.3400 3 1.63 0.7882
CW*06 134 11.5200 29 15.76 0.1523
CW*07 182 15.6000 32 17.39 0.6107
CW*08 54 4.6800 6 3.26 0.4169
CW*12 188 16.1000 27 14.67 0.6607
CW+*14 14 1.3300 2 1.08 1
CW*15 103 8.8300 14 7.6 0.6072
CW*16 68 5.8500 9 4.89 0.6230
CW*17 57 4.9500 17 9.23 0.0252
CW*18 2 0.1700 0 0 1
Total 1163 100.0000 184 100 NA

NS: Not Significant.
NA: Not Applicable.
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Table 2
HLA Class II Antigen frequency in Pediatric ALL patients and healthy controls.
Allele Frequency Percentage Frequency Percentage P
(control) (control) (ALL) (ALL) value

DQB1*02 90 16.1500 43 23.36 0.0653
DQB1*03 201 51.9300 82 44.56 0.3093
DQB1*04 17 3.0300 6 3.26 0.8820
DQB1*05 88 15.8100 31 16.84 0.7573
DQB1*06 73 12.9500 22 11.95 0.7372
DQB1*15 1 0.0900 0 0 1
Total 560 100.0000 184 100 NA
DRB1*01 26 4.2003 14 7.6 0.0784
DRB1*03 101 16.3166 21 11.41 0.1577
DRB1*04 84 13.5703 29 15.76 0.5171
DRB1*07 56 9.0468 20 10.86 0.5019
DRB1*08 7 1.1309 1 0.54 0.6899
DRB1*09 0 0.0000 0 0 0
DRB1*10 17 2.7464 6 3.26 0.7214
DRB1*11 186 30.0485 50 27.17 0.5764
DRB1*12 1 0.1616 1 0.54 0.4059
DRB1*13 65 10.5008 21 11.41 0.7529
DRB1*14 26 4.2003 7 3.8 0.8194
DRB1*15 39 6.3005 10 5.43 0.6846
DRB1*16 11 1.7771 4 217 0.7570
Total 619 100 184 100 NA

NA: Not Applicable.

Table 3
Predisposing and protective HLA antigens for ALL found in literature.

Risk of ALL HLA antigens

HLA A HLA B HLAC HLA DRB1 HLA
DPB1

Predisposing AO2-A11- B13-B15- cw7 DRB1 03 — DPB1
A23-A24- B18-B33- -CW DRB1 04 - 01:01
A30-A31- B39-B40- 17 DRB1 08 -
A32-A33- B45-B51- DRB1 10 —
A68-A74 B 56 - B 58 DRB1 14

Protective A01-A03- B7 NA NA NA
A23-A26

NA: Not applicable.
ALL: Acute Lymphoblastic Leukemia.

HLA-A alleles reported previously to have a predisposing effect include
HLA A24 in Spanish population (Rodriguez-Lopez et al., 2013), HLA
A11,HLA A32 and HLA A33 in female Chinese patients (Ng et al., 2006),
HLA A11 in Iranians (Mehdizadeh et al., 2013), and HLA A24,HLA A31,
HLA A23,HLA A30,HLA A68, and HLA A74 in US pediatric ALL patients
(Klitz et al., 2012). Although in the literature many HLA A alleles were
shown to have protective effect against ALL, including HLA A01,HLA
AO03 “and HLA A26 in Americans (Klitz et al., 2012), and HLA A23 in
Turkish population (Ozdilli et al., 2010), in our study none of the HLA A
alleles were expressed less in ALL patients.

Increased expression of HLA B13 in pediatric ALL patients, which
was demonstrated in this study, has never been reported previously in
the literature. The HLA B alleles predisposing to pediatric ALL include
HLA B45 and B56 in Brazilian patients (Barion et al., 2007),HLA B58 in
Chinese (Luo et al., 2008), HLA B40 in Mexicans (Fernandez-Torres
et al., 2013), and HLA B15, HLA B18,HLA B40, HLA B51, HLA B53,HLA
B39 and HLA B48 in Americans (Klitz et al., 2012). In our study, no allele
was found to have protective effect, in contrast to a Turkish study where
HLA B7 was found to be lower in ALL patients (Ozdilli et al., 2010).

Although linkage of HLA Class I C alleles to multiple myeloma has
been tested frequently in previous studies (Wang et al., 2018), the as-
sociation of HLA Class I C alleles with ALL have not been studied
significantly; in our literature search only one study done in Germany
demonstrated an increased frequency of HLA CW7 in patients diagnosed
with ALL (Miiller et al., 1988). The increased expression of HLA CW 17
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in pediatric ALL patients has never been reported before.

No association with HLA Class II alleles was ascertained in our pa-
tient population, in contrast to what was noted in the literature. HLA
DRB1 04 was found to be a predisposing factor in Egyptian female ALL
patients (El Ansary et al., 2015), as well as in Turkish and UK pediatric
patients (Ozdilli et al., 2010; Patiroglu and Akar, 2016; Dorak et al.,
1999). Other HLA Class II alleles predisposing to ALL include HLA DRB1
14, HLA DRB1 10, HLA DRB1 08 and HLA DRB1 03 (Klitz et al., 2012;
Patiroglu and Akar, 2016). Moreover, in different studies, the HLA-
DPB1*01:01 allele was associated with increased susceptibility to ALL
(Urayama et al., 2012). Finally, some alleles such as HLA DRB1 11 were
proven to play a prognostic role in childhood ALL (El Ansary et al.,
2015).

The interaction of peptides antigens with major histocompatibility
complex (MHQ), its differential binding and the stability of MHC/pep-
tide bond altogether lead to different disease outcomes depending partly
on the unique composition of HLA in each individual (Klitz et al., 2012).
One common hypothesis to the development of childhood ALL is a
double hit model, starting with in utero chromosomal rearrangement
followed by an infection early on in childhood (Taylor et al., 2008;
Greaves, 2006). This attests to the involvement of immunologic mech-
anisms in the development of ALL and emphasizes the role of HLA sys-
tem in disease susceptibility or resistance. Frequency of specific HLA
alleles varies in different ethnic groups and in different diseases such as
diabetes, psoriasis, and leprosy. This study highlighted the frequency of
HLA alleles in pediatric leukemia patients with the aim of determining in
further studies the alleles associated with high risk and low risk groups
which would help in guiding treatment options.

The major limitation of our study is the small cohort which may not
represent all Lebanese pediatric B ALL patients and this is mainly due to
the lack of a public national database, which we, at AUBMC, are working
on establishing. Although this paper may be of limited benefit to pedi-
atric oncologists in the meantime it serves as a baseline study for
advanced research on HLA alleles and prognosis of the disease which
may guide patients risk stratification and treatment options.

Credit author statement

AbdulKarim El Karaaoui: Data curation, Formal analysis, Project
administration, Writing - original draft.

Hani Tamim: Formal analysis, Methodology, Editing.

Hani El Achkar: Data curation, Supervision, Writing - original draft.

Puzant Fermanian: Data curation, Resources, editing.

Fatmeh Abbas: Data curation, Resources, Editing.

Sose Keleshian: Data curation, Resources, Editing.

Samar Muwakkit: Conceptualization, Investigation, Supervision,
Editing.

Rami Mahfouz: Conceptualization, Investigation, Methodology,
Project administration, Supervision, Writing - original draft, Editing.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

References

Assumpcao, J.G., et al., 2010. Detection of clonal immunoglobulin and T-cell receptor
gene rearrangements in childhood acute lymphoblastic leukemia using a low-cost
PCR strategy. Pediatr. Blood Cancer 55 (7), 1278-1286.

Barion, L.A., et al., 2007. Association between HLA and leukemia in a mixed Brazilian
population. Rev. Assoc. Med. Bras. (1992) 53 (3), 252-256.

Dausset, J., 1981. The major histocompatibility complex in man. Science 213 (4515),
1469-1474.

Dorak, M.T., et al., 1999. Unravelling an HLA-DR association in childhood acute
lymphoblastic leukemia. Blood 94 (2), 694-700.


http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0005
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0005
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0005
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0010
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0010
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0015
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0015
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0020
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0020

A. El Karaaoui et al.

El Ansary, M.M., et al., 2015. Human leukocyte antigen-DRB1 polymorphism in
childhood acute lymphoblastic leukemia. Mol. Clin. Oncol. 3 (2), 425-429.

Fernandez-Torres, J., et al., 2013. HLA-B*40 allele plays a role in the development of
acute leukemia in Mexican population: a case-control study. Biomed. Res. Int. 2013,
705862.

Greaves, M., 2006. Infection, immune responses and the aetiology of childhood
leukaemia. Nat. Rev. Cancer 6 (3), 193-203.

Hosking, F.J., et al., 2011. MHC variation and risk of childhood B-cell precursor acute
lymphoblastic leukemia. Blood 117 (5), 1633-1640.

Khansa, S., et al., 2012. HLA class II allele frequencies in the Lebanese population. Gene
506 (2), 396-399.

Khansa, S., et al., 2013. HLA class I allele frequencies in the Lebanese population. Gene
512 (2), 560-565.

Klitz, W., Gragert, L., Trachtenberg, E., 2012. Spectrum of HLA associations: the case of
medically refractory pediatric acute lymphoblastic leukemia. Immunogenetics 64
(6), 409-419.

LABTypeTM SSO TYPING TESTS, 2022. One Lambda, Inc.

Lilly, F., Boyse, E.A., Old, L.J., 1964. Genetic basis of susceptibility to viral
leukaemogenesis. Lancet 2 (7371), 1207-1209.

Luo, Q.Z., et al., 2008. Association of HLA-A, B and DRB1 alleles with leukemia in Han
population in Hunan Province. Nan Fang Yi Ke Da Xue Xue Bao 28 (6), 1016-1018.

Mehdizadeh, Maryam, Sayad, Arezou, Hoseini, Reza Haji, Mehdizadeh, Mahshid,
Tabarraei, Mahdi, Keihani, Manouchehr, Mohseni, Yasaman, Roshandel, Elham,
Abedinpour, Soheila, Hajifathali, Abbas, 2013. The association of HLA-A, -B gene
polymorphisms with acute lymphoblastic leukemia (ALL) in Iranian patients. J. Biol.
Today’s World 11, 264-266.

Miiller, C.A., et al., 1988. Significant association of acute lymphoblastic leukemia with
HLA-Cw?7. Genet. Epidemiol. 5 (6), 453-461.

Ng, M.H., et al., 2006. HLA-B67 may be a male-specific HLA marker of susceptibility to
relapsed childhood ALL in Hong Kong Chinese and HLA-A33 or HLA-B17 signifies a
higher presentation leukocytosis: a retrospective analysis on 53 transplant
candidates (1989-2003). Ann. Hematol. 85 (8), 535-541.

Human Gene 33 (2022) 201072

Orgad, S., et al., 1988. HLA-A11 is associated with poor prognosis in childhood acute
lymphoblastic leukemia (ALL). Leukemia 2 (12 Suppl), 79s-87s.

Ozdilli, K., et al., 2010. The frequency of HLA class I and II alleles in Turkish childhood
acute leukaemia patients. J. Int. Med. Res. 38 (5), 1835-1844.

Patiroglu, T., Akar, H.H., 2016. The frequency of HLA-A, HLA-B, and HLA-DRBI1 alleles
in patients with acute lymphoblastic leukemia in the Turkish population: a case-
control study. Turk. J. Haematol. 33 (4), 339-345.

Potapnev, M.P., et al., 2003. Plasma level of tumor necrosis factor-alpha (TNF-alpha)
correlates with leukocytosis and biological features of leukemic cells, but not
treatment response of children with acute lymphoblastic leukemia. Leuk. Lymphoma
44 (6), 1077-1079.

Potapnev, M.P., et al., 2004. Significance of serum immunoglobulin G for leukocytosis
and prognosis in childhood B-lineage acute lymphoblastic leukemia. Pediatr. Blood
Cancer 42 (5), 421-426.

Rodriguez-Lopez, R., et al., 2013. Diagnostic utility of HFE variants in Spanish patients:
association with HLA alleles and role in susceptibility to acute lymphoblastic
leukemia. Gene 514 (1), 31-35.

Shiina, T., et al., 2009. The HLA genomic loci map: expression, interaction, diversity and
disease. J. Hum. Genet. 54 (1), 15-39.

Taylor, G.M., et al., 1998. Evidence that an HLA-DQA1-DQB1 haplotype influences
susceptibility to childhood common acute lymphoblastic leukaemia in boys provides
further support for an infection-related aetiology. Br. J. Cancer 78 (5), 561-565.

Taylor, G.M., et al., 2008. HLA-associated susceptibility to childhood B-cell precursor
ALL: definition and role of HLA-DPB1 supertypes. Br. J. Cancer 98 (6), 1125-1131.

Urayama, K.Y., et al., 2012. HLA-DP genetic variation, proxies for early life immune
modulation and childhood acute lymphoblastic leukemia risk. Blood 120 (15),
3039-3047.

Walford, R.L., et al., 1970. Acute childhood Leukaemia in relation to the HL-A human
transplantation genes. Nature 225 (5231), 461-462.

Wang, X., et al., 2018. The association of HLA-C alleles with multiple myeloma in
Chinese patients. Exp. Hematol. Oncol. 7, 19.


http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0025
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0025
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0030
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0030
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0030
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0035
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0035
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0040
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0040
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0045
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0045
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0050
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0050
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0055
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0055
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0055
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0060
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0065
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0065
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0070
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0070
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0075
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0075
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0075
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0075
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0075
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0080
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0080
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0085
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0085
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0085
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0085
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0090
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0090
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0095
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0095
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0100
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0100
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0100
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0105
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0105
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0105
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0105
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0110
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0110
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0110
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0115
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0115
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0115
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0120
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0120
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0125
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0125
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0125
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0130
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0130
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0135
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0135
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0135
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0140
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0140
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0145
http://refhub.elsevier.com/S2773-0441(22)00046-8/rf0145

	Association of Human Leukocyte Antigens (HLA) profile and acute lymphoblastic leukemia in Lebanese pediatric patients: A fi ...
	1 Introduction
	2 Methods
	2.1 Patients and controls
	2.2 HLA testing
	2.3 Statistical analysis

	3 Results
	4 Discussion
	Credit author statement
	Declaration of Competing Interest
	References


