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Article info: " ABSTRACT
Received: 05 Nov 2025 :
Accepted: 28 Dec 2025 :  Introduction: Cutaneous leishmaniasis (CL) represents a vector-borne infection resulting from

various species of Leishmania. Host genetic factors, such as polymorphisms in immune-related
genes, influence susceptibility to CL. The TOLLIP gene, a regulator of innate immunity, has been
linked to various infectious diseases. This study investigates the association of the rs5743899
polymorphism in the TOLLIP gene with susceptibility to CL in a cohort from Khuzestan
Province, Iran, where Leishmania major is endemic.

Materials & Methods: The study included 67 clinically confirmed patients with CL who
presented with active lesions, along with 101 healthy controls. Whole blood was obtained from
the subjects, genomic DNA was extracted, and genotyping of the rs5743899 polymorphism was
performed using the amplification-refractory mutation system (ARMS)-PCR method. Data were
analyzed using SPSS software to determine genotype frequencies and associations with CL.

Published: 01 Mar 2026

Results: The genotypic frequencies were consistent with the Hardy-Weinberg equilibrium in both
the case and control groups. The P-values obtained for the rs5743899 polymorphism were greater
than 0.05, suggesting no association with susceptibility to CL (P=0.189 for allele frequency and
P=0.132 for genotype frequency). Furthermore, the odds ratio analysis demonstrated that the

Keywords: presence of TT, CT, and CC genotypes did not increase the risk of developing CL.

Conclusion: Although this study provides preliminary evidence regarding the lack of association

Amplification-refractory between 155743899 and CL in the studied population, the relatively small sample size may

mutation system (ARMS)- : have limited the detection of modest genetic effects. Therefore, larger multicenter studies are
PCR, Gen?“? susceptlblhty, :  recommended to validate these results. While these findings clarify aspects of the disease’s genetic
Leishmaniasis, Polymorphisms, :  background, they also point to the need for further research into other genetic and environmental
TOLLIP + contributors to its epidemiology.
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1. Introduction

eishmaniasis is considered a tropical zoo-

notic disease caused by infection with

protozoan parasites of the Leishmania

genus, transmitted through insect vectors.

It manifests in visceral, cutaneous, and

mucocutaneous forms, with symptoms
ranging from mild, self-limiting skin ulcers to severe,
life-threatening conditions [1]. Cutaneous leishmaniasis
(CL) is particularly prevalent in tropical and subtropi-
cal regions, affecting approximately 12 million people
across 100 countries, with around 350 million individu-
als at risk [1]. The majority of CL cases (more than 90%)
are reported from nations such as Afghanistan, Saudi
Arabia, Algeria, Syria, Iran, Bolivia, Brazil, Colombia,
Peru, and Nicaragua [2]. The etiological agents of CL
vary by region: L. major, L. tropica, and L. aethiopica
predominate in the Old World, while L. braziliensis, L.
amazonensis, and L. mexicana are more frequent in the
New World [1].

Immune system-related factors play a significant role
in susceptibility to leishmaniasis. Additionally, various
studies have indicated the involvement of genetic factors
in the predisposition to different forms of Leishmaniasis.
Several investigations have demonstrated the role of
Toll-like receptors (TLRs) in immune response against
protozoan parasites [3]. TLRs function as key regulators
in host immunity against Leishmania infection [4]. Re-
cent studies underscore the important role of TLR4 in in-
hibiting Leishmania proliferation within both innate and
adaptive immunity [5]. Genes in the TLR pathway may
significantly influence predisposition to leishmaniasis.
Toll-interacting protein (TOLLIP) serves as a negative
regulator in TLR signaling, especially in suppressing
TLR4 and TLR2 pathways [6]. Additionally, Toll-in-
teracting protein is proposed to modulate human TLR
signaling by inhibiting pro-inflammatory cytokines such
as interleukin-6 (IL-6) and tumor necrosis factor alpha
(TNF-a), whereas it promotes IL-10 as an anti-inflam-
matory cytokine [7].

A number of single-nucleotide polymorphisms (SNPs)
have been reported in genes encoding cytokines that play
pivotal roles in immune system regulation. Most SNPs
are found in the UTRs of cytokine genes; some can en-
hance cytokine expression, whereas others may have
minimal or no impact [8]. Considering that the Th1 (T
helper 1) response leads to parasite killing and that the
TLR pathway is important for inhibiting parasite pro-
liferation in animal models, these pathways may have
a potential role in host defense. Since TOLLIP acts as a
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key negative regulator of TLR-mediated signaling and
can modulate cytokine production, genetic variations in
this gene may influence the magnitude of host immune
responses. Given the possible association between the
TOLLIP gene and susceptibility to CL, and considering
the limited studies on this disease, we focused on the
rs5743899 polymorphism located in an intronic region
of the TOLLIP gene (NM_019009). Studies on this SNP
are scarce, particularly in Iranian populations, and pre-
vious research has suggested its potential involvement
in susceptibility to infectious diseases such as tubercu-
losis and human immunodeficiency virus (HIV) [7, 9],
highlighting its possible functional relevance in immune
response pathways. These findings suggest that TOLLIP
variants, including rs5743899, might contribute to differ-
ences in susceptibility to Leishmania infection through
modulation of TLR and cytokine signaling pathways.
Therefore, in this study, we investigated its potential as-
sociation with susceptibility to CL caused by L. major
and L. tropica, with L. major being the predominant spe-
cies responsible for CL in southwestern Iran, particularly
in Khuzestan Province.

2. Materials and Methods
2.1. Subjects

The present study was conducted in Khuzestan Prov-
ince, southwest of Iran, where CL caused by L. major
is endemic. A total of 67 patients with active CL le-
sions, confirmed by clinical and parasitological diagno-
sis [45 males (67%), 22 females (33%)], and 101 un-
related healthy controls [63 males (62.4%), 38 females
(37.6%)] without active lesions and without a history
of CL were enrolled in the present study. The patients
consisted of CL individuals referred to the leishmani-
asis reference laboratory. The diagnosis was confirmed
through microscopic identification of amastigotes in le-
sion exudates, which were smeared, methanol-fixed, and
Giemsa-stained for examination under light microscopy.
Parasitic density was assessed based on World Health
Organization (WHO) criteria, ranging from 4+ (1-10
parasites per field) to 1+ (1-10 parasites per 1000 fields).

Equally important, the control group comprised healthy
volunteers, providing a crucial basis for comparison. In
this study, the age distribution was determined to sample
the age group of 15-50 years. Non-Iranian and non-na-
tive individuals were excluded from the study. All partic-
ipants provided informed consent before blood sample
collection, after the Ethical Committee of the Dezful
University of Medical Sciences approved the protocol.
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Table 1. Primers used for genotyping of the rs5743899 polymorphism

Primer Position Sequence
FORW IC Inner-forward (C allele) CAGCTGACTGACCCCTCAGGGC
FORW IT Inner-forward (T allele) CAGCTGACTGACCCCTCAGGGT
REV OR Outer-reverse TGCTGTGAAGGGTGGTGGGTG
FORW OF Outer-forward TGCAAGGGGCCTGCTCCAG

2.2. DNA extraction and genotyping

Patients and controls underwent venipuncture to obtain
2 mL of whole blood in ethylenediaminetetraacetic acid
(EDTA) tubes. Genomic DNA was isolated from leuko-
cytes using a standard salting-out protocol, and the DNA
quality and quantity were evaluated using a UV spec-
trophotometer at wavelengths of 260 and 280 nm. DNA
samples were then preserved at —20 °C for later use.

The TOLLIP gene rs5743899 polymorphism was gen-
otyped by the amplification-refractory mutation system-
polymerase chain reaction (ARMS-PCR) method. Prim-
ers for DNA amplification and fragment analysis were
designed and validated using the SNP database and the
BLAST website. Table 1 presents the primers designed
for the genotyping of the rs5743899 polymorphism.

The ARMS-PCR for each sample was performed in
two separate PCR reactions using different primer sets
of inner and outer primers. FORW IC and FORW IT
primers, along with REV OR, were used to generate
products that detect the C and T alleles, respectively.
The product of REV OR and FORW OF primers, metic-
ulously designed to serve as an internal control, ensures
the reliability of the results.

PCR amplification was set up in 15-pL reaction mix-
tures comprising 7.5 pL of 2X PCR mastermix (Am-
pligon, Denmark), 0.25 pmol/puL of each primer (meta-
bion, Germany), and 1 pL of template DNA. PCRs were
carried out using a Veriti™ Thermal Cycler (Applied
Biosystems-US). The PCR steps were as follows: initial
denaturation step at 95 ‘C for 5 minutes, 35 cycles of
amplification (denaturation: 95 °C for 30 seconds, an-
nealing: 61 °C for 45 seconds), followed by a final ex-
tension at 72 °C for 5 minutes. The PCR products were
visualized by 1.5% agarose gel electrophoresis.

2.3. Statistical analysis

The data were analyzed using SPSS software, ver-
sion 16. The mean age and gender distribution were

compared between the case and control groups using
an independent t-test and a chi-square test. Genotypic
frequencies were evaluated using the ¥ test, considering
P<0.05 as indicative of significance. Hardy—Weinberg
equilibrium (HWE) was analyzed by the chi-square test.
The sample size was determined to achieve approxi-
mately 80% statistical power at 0=0.05 to detect an odds
ratio (OR) of 2.0. Multiple genotype comparisons were
adjusted statistically between groups to identify alleles
or genotypes associated with an elevated risk of devel-
oping CL. Odds ratios (ORs) were estimated with 95%
confidence intervals.

3. Results

The analysis showed no significant difference in the
mean age between the case (40.93%10 years) and con-
trol (38.59+12 years) groups (P=0.20). Additionally, no
significant difference in gender distribution (P=0.623)
between the CL patients and controls was noted, sug-
gesting that the matching based on these two variables
was adequate.

The 155743899 polymorphism was genotyped by
ARMS-PCR. Figure 1 illustrates PCR products sepa-
rated on a 1.5% agarose gel. The length of PCR products
detecting the C and T alleles was 245 bp, while the length
of the fragment used as an internal control was 481 bp.

The genotypic frequencies in the control and case
groups were examined for HWE using the chi-square
test. Both the control and case groups were consis-
tent with HWE (P=0.919 for controls and P=0.06 for
patients). Allelic and genotypic frequencies showed
no significant difference. Table 2 presents the TOL-
LIP gene 155743899 polymorphism genotype and allele
frequencies in the case and control groups. According
to the Pearson chi-square test and the allele and geno-
type frequency table (Table 2), the P-value obtained
for the rs5743899 polymorphism was greater than 0.05
(P=0.189 for allele frequency and P=0.132 for genotype
frequency). Therefore, no significant association was
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Figure 1. ARMS-PCR products separated and visualized by agarose gel electrophoresis

Note: The 481 bp band is an internal control and must be present in all samples. The 245 bp band detects C and T alleles. 1: sam-
ple with a homozygous TT genotype; 2: sample with a heterozygous TC genotype; 3: sample with a homozygous CC genotype.

observed between this polymorphism and susceptibility
to CL. Additionally, logistic regression analysis of the
1rs5743899 polymorphism further confirmed that none of
the genotypes (TT, CT, or CC) were significantly asso-
ciated with an elevated risk of developing CL. Various
genetic models, including allelic, codominant, domi-
nant, recessive, and over-dominant, were evaluated. The
calculated ORs showed no statistical significance in all
comparisons, as evidenced by P>0.05 (Table 3).

4. Discussion

Leishmaniasis, particularly CL, is an important pub-
lic health challenge, especially in endemic regions like
tropical and subtropical countries, including develop-
ing areas like Khuzestan Province in Iran. Depending
on the pathogenicity of the parasite and the efficiency
of the host’s immune system, it can lead to a range of
clinical symptoms, from mild skin ulcers to life-threat-
ening forms [2, 10]. The contribution of genetic factors
to susceptibility to infectious diseases, including leish-
maniasis, has been increasingly recognized. The TOL-

LIP gene, as a negative regulator of TLR signaling, plays
an essential role in modulating the immune response to
various pathogens, including Leishmania [4]. TLR4 in-
hibits the growth of L. major by inducing nitric oxide
synthase in both innate and adaptive immunity [11].
Additionally,  glycosylphosphatidylinositol-anchored
lipophosphoglycan (LPG) acts as a virulence determi-
nant and is one of the principal molecules of the parasite.
LPG induces macrophages to secrete TNF-o and IL-12
via MyD88 and relies on TLR2 to initiate NF-«kB activa-
tion [12]. Furthermore, it has been demonstrated that the
downregulation of TLR3, TLR2, and MyDS88 through
RNA interference (RNAI) results in decreased secretion
of nitric oxide and TNF-a triggered by Leishmania don-
ovani promastigotes [13].

Several previous studies have indicated that the TOLLIP
gene is linked to infectious diseases, including tuberculo-
sis [14], HIV [9], leprosy [15], and both cutaneous and
visceral leishmaniasis (VL) [16, 17]. Given these studies,
the genetic background of individuals regarding suscep-
tibility to infectious diseases is evident, although study

Table 2. The rs5743899 genotype and allele frequencies in the case and control groups

[
. Genotype/ No. (%)
Polymorphism Allel p
ele Cases (n=67) Controls (n=101)
T 42(62.7) 57(56.4)
cc 0(0) 6(5.9)
rs5743899T/C genotype P 25(37.3) 38(37.7) 0.132
Total 67(100) 101(100)
T 109(81.3) 152(75.2)
rs5743899 T/C allele C 25(18.7) 50(24.8) 0.189
Total 134(100) 202(100)

Note: The P-value for the chi-square test (P<0.05 is considered significant).
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Table 3. Risk estimates for the rs5743899 polymorphism in CL patients and controls based on logistic regression analysis

Polymorphism Genetic Model OR 95% CI P
rs5743899
Allelic 1.434 0.836, 2.46 0.190
TvsC
Over-dominant 0.987 0.521, 1.868 0.968
CTvs (TT+CC)
Codominant 1.12 0.589, 2.131 0.730
CTvsTT
Recessive 1.297 0.689, 2.41 0.420
TT vs (CC+ CT)
Dominant ND ND ND
CCvs (TT+CT)

Abbreviations: CI: Confidence interval; ND: Not determined; OR, odds ratio.

results may vary based on the population and the specific
polymorphism examined. Therefore, this study aimed to
investigate the link between the rs5743899 polymorphism
in the TOLLIP gene and susceptibility to CL in a popu-
lation from Iran. In the current study, logistic regression
analysis using various genetic models—including allelic,
codominant, dominant, recessive, and over-dominant—re-
vealed no statistically significant association between the
155743899 polymorphism and predisposition to CL. Spe-
cifically, the allelic comparison (T vs C) yielded an OR of
1.43, with a 95% CI (0.83%, 2.46%) and a P-value of 0.19,
indicating no significant increased risk. The codominant
model (CT vs TT) and the over-dominant model (CT vs
TT + CC) also showed non-significant associations (ORs
of 1.12 and 0.98, respectively). For the recessive model
(TT vs CC + CT), the OR was 1.29 (95% CI, 0.68%,
2.41%, P=0.42). Analysis under the dominant model (CC
vs TT + CT) was not determined (ND) due to the extreme-
ly low frequency of the CC genotype in our study popula-
tion, which precluded meaningful statistical comparison.
Our findings suggest that rs5743899 does not play a sub-
stantial role in CL susceptibility in the studied population.

Interestingly, while our study did not find a significant
association, other research has reported varying results
regarding the role of TOLLIP polymorphisms in leish-
maniasis susceptibility. For instance, a study conducted
in Brazil suggested that different polymorphisms within
the TOLLIP gene may affect the risk of developing CL,
highlighting the potential for population-specific ge-
netic factors to affect disease susceptibility [16]. Other
research has reported similar results regarding these
genetic factors. For instance, a 2020 case-control study
in India examined polymorphisms in the TOLLIP gene,
specifically rs3550920 and rs5743899, and found no as-
sociation with the rs3550920 polymorphism; however,
rs5743899 was suggested as a potential risk factor for
VL [17]. These discrepancies may stem from differences
in environmental factors, parasite species, or genetic
backgrounds between populations.

Additionally, the lack of significant findings in our
study might reflect the complex interplay of multiple ge-
netic and environmental factors contributing to leishman-
iasis susceptibility. For instance, other polymorphisms in
cytokine genes or TLRs may have a more pronounced
influence on the immune response to Leishmania infec-
tion. For example, a 2021 study in India reported that
the TLR9 T-1237C polymorphism increased susceptibil-
ity to visceral leishmaniasis [ 18], while another study in
Iran found higher TLR2 and TLR4 expression in mac-
rophages from patients with healed L. major lesions
compared with non-healing cases, suggesting that both
TLR2 and TLR4 may be important in the outcomes of
CL caused by L. major [19]. In another study conducted
in Turkey in 2021, researchers examined the association
between cytokine gene polymorphisms and predisposi-
tion to CL. They focused on the polymorphisms IL-10-
1082 G/A, TNF-a-308 G/A, IL-4 -590 C/T, IFN-y+874
T/A, and IL-12B+1188 A/C. The results revealed that
1L-4-590 C/T and TNF-a-308 G/A were correlated with
an increased risk of developing CL [8]. The absence of
association in our data may also be due to methodologi-
cal constraints, including the low frequency of the CC
genotype and a relatively limited sample size, both of
which reduced statistical power to detect modest genetic
effects. Furthermore, given that L. major is the predomi-
nant species in Khuzestan, regional differences in host—
parasite interactions and environmental exposure might
also contribute to the observed variability. Therefore, the
findings of the present study should be interpreted with
caution and considered preliminary. Further studies with
larger cohorts and functional analyses are warranted to
clarify the potential role of the TOLLIP rs5743899 poly-
morphism in CL susceptibility. Exploring interactions
with environmental influences is also essential to gain
a deeper understanding of the multifactorial nature of
leishmaniasis susceptibility.
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5. Conclusion

In conclusion, our study did not find significant as-
sociations between the rs5743899 polymorphism of
the TOLLIP gene and CL in the Khuzestan population.
Nevertheless, these findings highlight the importance of
investigating genetic factors in leishmaniasis and should
be interpreted as preliminary due to the study’s limited
sample size. Further research with larger cohorts and
additional genetic markers is warranted to better under-
stand the immune mechanisms underlying susceptibility
to leishmaniasis and to inform targeted prevention and
treatment strategies in endemic regions.
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