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ABSTRACT

Background: Acute lymphoblastic leukemia (ALL) is an aggressive hematological malignancy driven by genetic
and immunological dysregulation. Tumor necrosis factor receptor-associated factor 3 (TRAF3) plays an essen-
tial role in regulating immune signaling, lymphocyte homeostasis, and NF-kB pathways. Although TRAF3 alter-
ations have been implicated in various immune disorders and hematologic cancers, the contribution of TRAF3
genetic polymorphisms to ALL susceptibility remains insufficiently understood.

Purpose: To investigate the association between three TRAF3 single nucleotide polymorphisms (SNPs);
rs33980500, rs13210247, and rs1131877, and ALL susceptibility in Saudi patients, and to evaluate TRAF3
mRNA expression levels in ALL compared to healthy individuals.

Methods: A case-control study was conducted involving 150 newly diagnosed ALL patients and 115 age- and sex-
matched healthy controls. Genotyping of the selected TRAF3 SNPs was performed using TagMan allelic discrim-
ination assays. TRAF3 mRNA expression in peripheral blood white cells was quantified through RT-qPCR. Sta-
tistical analyses included genotype/allele frequency comparisons, odds ratios, Hardy-Weinberg equilibrium
testing, linkage disequilibrium assessment, and haplotype construction.

Results: None of the analyzed SNPs showed a statistically significant association with ALL across genotype, al-
lele, or haplotype models. Linkage disequilibrium between the SNPs was absent. However, TRAF3 mRNA ex-
pression was significantly upregulated in ALL patients, exhibiting a 3.88-fold increase compared with controls
(p < 0.05).

Conclusion: Although the examined TRAF3 SNPs were not associated with ALL susceptibility in this cohort, the
marked elevation of TRAF3 mRNA expression suggests a potential role for TRAF3-related signaling in ALL
pathogenesis. TRAF3 expression may represent a promising biomarker warranting further investigation.

Background

Tumor necrosis factor receptors (TNFRs) are central to immune sig-

ligase activity, enabling modulation of protein interactions and type I
interferon production [9,10]. TRAF3 also regulates the production of
type I interferon (IFN-I) in a complex double role, influencing both in-

naling, regulating innate and adaptive immunity, inflammation, apop-
tosis, and tissue homeostasis via TNF-a interactions [1,2]. TNFR-
associated factors (TRAFs), particularly TRAF3, act as intracellular
adaptors controlling immune responses, cell survival, and NF-«B signal-
ing through both canonical and noncanonical pathways [3,4].

TRAF3 inhibits canonical NF-kB by limiting TRAF2 recruitment and
regulates noncanonical NF-xB via inducing kinase (NIK) degradation
[5-8]. Furthermore, TRAF3 RING finger domain provides E3 ubiquitin
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nate and adaptive immune responses [9]. TRAF3 is critical for T- and B-
cell, and myeloid cell homeostasis; disruptions compromise immunity,
cell cycle, and metabolism, increasing susceptibility to infections, in-
flammatory diseases, and hematological malignancies [11-14].
Interestingly, TRAF3 knockout mouse model displayed a declined
survival rate with lethality by postnatal day 10 due to a general failure
in body organs and a dropped white blood cell count, highlighting
TRAF3 role in blood immune cells and survival [15,16]. Human studies
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show that TRAF3 loss-of-function or mutations can lead to immunodefi-
ciency, autoimmunity, and increased vulnerability to infections and to
inflammatory conditions [17,18]. Additionally, loss-of function muta-
tions in human TRAF3 are associated with hematopoietic malignancies
particularly lymphomas and myelomas [11,19]. Nevertheless, a limited
number of studies have investigated the link of TRAF3 SNPs to
myeloma, diabetes cardiovascular complications, and human papillo-
mavirus (HPV)-related lesions [19-21].

Objectives

Although TRAF3 SNPs have been implicated in immunological dis-
orders and cancers [22,23], their roles in lymphoblastic leukemias re-
mains unclear. This study investigated the association of three TRAF3
SNPs (rs33980500, rs13210247, and rs1131877) with ALL in Saudi
Arabian individuals and evaluated TRAF3 mRNA expression levels in
this disease context.

Study design
A case—control study enrolled 150 ALL patients and 115 age- and

sex-matched healthy controls. Blood-derived DNA and RNA were ana-
lyzed for TRAF3 SNP genotyping and expression profiling.

Table 1
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Results

The genotype and allele frequencies of rs33980500 SNP on TRAF3 in ALL
and control groups

TRAF3 rs33980500 genotypes (CC, CT, and TT) were similarly dis-
tributed in ALL patients (84 %, 7.3 %, 8.6 %) and controls (79 %, 12 %,
8 %), with no significant differences (Table 1). The distribution of the
CT/TT genotypes showed no significant association with ALL suscepti-
bility. Furthermore, the allele frequencies (C: 88 % vs. 85 %; T: 12 %
vs. 15 %) were also not significantly different.

The genotype and allele frequencies of rs13210247 SNP on TRAF3 in ALL
and control groups

TRAF3 rs13210247 genotypes (AA, AG, and GG) showed similar dis-
tributions in ALL and control individuals, with AA at 87.7 % vs. 82.6 %
AA, and AG at 21.3 % vs. 17.39 %, and no GG genotype detected in ei-
ther group (Table 1). Allele A frequencies were 89.3 % in ALL and
91.3 % in the controls. Differences in genotype and allele frequencies
were statistically insignificant (p = 0.42 and 0.25, respectively).

The genotype and allele frequencies of rs1131877 SNP on TRAF3 in ALL
and control groups

TRAF3 rs1131877 genotypes (TT, TC, and CC) showed similar dis-
tributions in ALL patients (59.3 %, 31.3 %, 9.3 %) and controls
(55.6 %, 33.9 %, 10.4 %) with T allele frequencies of 75 % and 73 %,
respectively (Table 1). No genotype or allele was significantly associ-
ated with ALL risk (p = 0.53).

Association analysis between the genotypes of TRAF3 rs33980500, rs13210247 and rs1131877 loci in ALL. The association analysis for TRAF3 rs33980500
(C/T) genotype and allele frequencies is shown in the upper section of the table, while the association analysis for the genotypes and allele frequencies of TRAF3
1513210247 (A/G) and rs1131877 (T/C) are presented in the second and third sections of the table, respectively. Both association analyses are for genetic models
with the AIC and BIC scores in patients with ALL and control group. ALL; acute lymphoblastic leukemia, OR; odds ratio, CI; confidence interval, * means signifi-

cant for p < 0.05.

SNP Genetic model type Genotype/variant ALLn = 150 Control n = 115 ALL vs. Control
Count % Count % OR (95 % CI) p-value AIC BIC
rs33980500 Codominant CcC 126 84 91 79 Ref
CT 11 7.3 14 12 0.57 (0.25 -1.3) 0.2 536.5 1435
Dominant TT 13 8.6 10 8 1 (0.42- 2.36) 1
C/C 126 84 91 79.1 1 0.3 535.8 1430.7
Recessive C/T-T/T 24 16 24 20.9 0.72 (0.39- 1.35)
C/C—C/T 137 91.3 105 91.3 1 1 536.2 1431.2
Over-dominant T/T 13 8.7 10 8.7 1 (0.42- 2.36)
C/C-T/T 139 92.7 101 87.8 1 0.2 534.5 1429.5
Log-additive C/T 11 7.3 14 12.2 0.57 (0.25- 1.3)
- - - - - 0.82(0.13-5.22) 0.8 536.5 1431.4
Allele frequency C 263 88 196 85 Ref
T 37 12 34 15 0.81 (0.49- 1.34) 0.4
rs13210247 Codominant AA 118 78.6 95 82.6 Ref
AG 32 21.3 20 17.39 1.28(0.69- 2.39) 0.42 524.3- 1419.2-
GG 0 0 0 0
Allele frequency A 268 89.3 210 91.3 Ref
G 32 103 20 8.7 0.77 (0.5- 1.20) 0.25
rs1131877 Codominant TT 89 59.3 64 55.6 Ref
TC 47 31.3 39 33.9 0.87 (0.51-1.47) 0.6 536.6 1435.1
CcC 14 9.3 12 10.4 0.84 (0.36-1.93) 0.68
Dominant T/T 89 59.3 64 55.6 1 0.56 536.4 1431.3
T/C-C/C 61 40.7 51 44.4 0.86 (0.51-1.44)
Recessive T/T-T/C 136 90.7 103 89.6 1 0.80 534.7 1429.6
c/C 14 9.3 12 10.4 0.89 (0.39-2.05)
Over-dominant T/T-C/C 103 68.7 76 66.1 1 0.77 536.5 1431.4
T/C 47 31.3 39 33.9 0.88 (0.51-1.51)
Log-additive - - - - - 0.39 (0.05-3.36) 0.4 535.8 1430.8
Allele frequency T 225 75 167 73 Ref
C 75 25 63 27 1.13 (0.75-1.69) 0.53
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The linkage disequilibrium of the analyzed SNPs on TRAF3 gene and their
haplotype frequencies

LD analysis showed no disequilibrium between rs13210247 and
rs33980500 (correlation coefficient r? = 0) (Suppl. Table 1, and Fig.
1A). Haplotype analysis of rs1131877, rs13210247, and rs33980500
revealed no significant differences between ALL patients and controls,
as the data shown in Suppl. Table 1, noting that the cumulative fre-
quency of the five major haplotypes exceeded 90 %. The haplotype dis-
tribution revealed that; the wildtype T-A-C haplotype was the most fre-
quent in both study groups, with (~53 %). In addition, the two haplo-
types, C-A-C and T-G-C showed no significant association with ALL risk,
as well as any other haplotypic combination across the three analyzed
SNPs (Suppl. Table 1).

The expression levels of TRAF3 mRNA in ALL

TRAF3 mRNA expression was significantly higher in ALL patients
than controls, with lower ACt values, exhibiting 4.78 = 0.49 in ALL
compared to 6.5 = 0.5 among the controls (p = 0.005, Fig. 1B-C).
Consistent with this, the 2°-AACt analysis revealed a 3.88-fold upregu-
lation in the expression of TRAF3 mRNA in ALL group, relative to con-
trol group (p = 0.019, Fig. 1C).

Conclusions

ALL is a genetically complex malignancy in which immune-
regulatory genes such as TRAF3 may play a role [24,25]. Although
TRAF3 polymorphisms have been linked to immune disorders and can-
cers [19,22,26-28], their association with ALL remains unclear. We
evaluated three TRAF3 SNPs (rs33980500, rs13210247, and
rs1131877) and TRAF3 mRNA expression in Saudi ALL patients. None
of the SNPs or their haplotypes were associated with ALL, and no LD
was observed. While rs33980500 showed a slightly lower mutant allele
frequency in ALL, this requires validation in larger cohorts. In contrast,
TRAF3 mRNA was significantly upregulated in ALL, indicating dysregu-
lated TRAF3 signaling and supporting its potential utility as a prognos-
tic biomarker. The marked upregulation of TRAF3 expression in the ab-
sence of determined associated genetic variants suggests that TRAF3
dysregulation is predominantly driven by alternative non-genetic
mechanisms. Aberrant activation of immune and inflammatory signal-
ing pathways characteristic of ALL, including NF-kB, interferon, and cy-
tokine-mediated transcriptional programs, may enhance TRAF3 tran-
scription as part of a compensatory or feedback regulatory response in-
dependent of germline variation. Additionally, epigenetic remodeling,
as well as post-transcriptional or post-translational regulatory
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processes, may contribute to increased TRAF3 expression in the ab-
sence of detectable sequence alterations.

In summary, this study suggests a role for TRAF3 in ALL among
Saudi patients, as evidenced by elevated TRAF3 mRNA expression de-
spite no significant SNP associations. These findings support the in-
volvement of TRAF3 in immune regulation and leukemogenesis.
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Fig. 1. Linkage disequilibrium between the analyzed SNPs on TRAF3 gene and the mRNA gene expression in relation to ALL. A. LD plot of the two SNPs in TRAF3
gene. The pairwise correlation between the SNPs were measured as r* and shown (x100) in each diamond. B. Expression of TRAF3 mRNA in peripheral blood in ALL
and healthy individuals. A significant higher expression of TRAF3 in whole blood samples of ALL patients compared to healthy volunteers as indicated in dCT
(p < 0.005). C. The relative expression of TRAF3 mRNA levels in ALL to control showed a signicant 4-fold differences, as calculated through 2°(-AACt) (p = 0.019).
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