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Abstract

Background: Non-Hodgkin Lymphoma (NHL) is a group of blood cancers in which lymphoid cells develop
abnormal growth due to genetic changes or other factors without Reed-Sternberg cells. Given the proven role of
HOTTIP gene polymorphisms in the prognosis, diagnosis, and treatment of different kinds of carcinomas, this study
investigated the association between rs5883064, rs1859168, and rs2067087 polymorphisms of the gene with NHL
susceptibility in a population of Zahedan. Materials and Methods: A total of 190 NHL cases (122 males and 68
females), aged 44.45+15.29 years, and 190 healthy individuals (107 males and 83 females, 43.13+12.15 years) were
collected as study subjects. The gene polymorphisms were examined by PCR RFLP and ARMS methods. Results: Our
results showed that the rs5883064 Del>Ins polymorphism of the HOTTIP gene has a protective role and significantly
reduces the risk of lymphoma. The 1859168 C>A variant in the co-dominant model is a risk criterion for non-Hodgkin
lymphoma and significantly increases this disease’s risk. The HOTTIP rs2067087 G>C variant had a protective role and
significantly reduced the risk of lymphoma. Conclusion: Our results showed that the association between HOTTIP gene
polymorphisms and NHL incidence has a significant pattern. More studies in larger populations and various ethnicities
are recommended to confirm our findings.
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Introduction

Lymphomas, a heterogeneous group of cancers, arise
from the clonal proliferation of B-cell, T-cell, and natural
killer (NK) cell subsets at various stages of maturation [1].
Lymphomas are broadly categorized into non-Hodgkin’s
lymphoma (NHL), which accounts for approximately
90% of cases, and Hodgkin’s lymphoma (HL), which
comprises the remaining 10%. NHL is categorized based
on the lineage of the malignant cells into B-cell, T-cell, and
natural killer-cell subtypes, whereas Hodgkin lymphoma
is subdivided into classical and nodular lymphocyte-
predominant (non-classical) forms. Clinically, lymphomas
are classified as either indolent (low grade) or aggressive
(high grade) [2].

According to 2022 data, NHL ranks as the 11th
most frequently diagnosed malignancy and the 11th
leading cause of cancer-related mortality worldwide
[3]. GLOBOCAN estimates from 2018 reported

approximately 509,600 new cases globally, accounting
for 2.8% of all cancer diagnoses. In that same year, NHL
was responsible for about 248,700 deaths, or 2.6% of all
deaths from cancer. Between 2010 and 2016, the five-year
survival rate for NHL in the United States was 72.7%,
representing a notable 158% improvement over the 46%
five-year survival rate initially documented in 1975 [4].
Despite a substantial global increase in NHL incidence,
its etiology remains largely unknown. According to
preliminary research, genetic variations involving immune
deficiency pathways may be linked to a higher or lower
risk of NHL development [5].

There are two categories of risk factors for NHL:
modifiable and non-modifiable. Radiation exposure,
chemical exposure, obesity, alcohol use, smoking, breast
implants, and vitamin deficiencies are all modifiable risk
factors. On the other hand, non-modifiable factors include
autoimmune diseases, immune system suppression, age,
gender, race and ethnicity, and family history [4].
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LncRNAs have been shown in numerous studies to be
essential for both tumorigenesis and tumor progression [6].
In particular, DNA damage, immune system evasion, and
cellular metabolic dysregulation in cancer cells may all
be linked to aberrant IncRNA expression. The complexity
of tumorigenesis is further enhanced by the diversity and
functional heterogeneity of IncRNAs. Furthermore, the
regulation of cell lineage and the epithelial-mesenchymal
transition are closely associated with IncRNAs. All of
these results point to IncRNAs as important players in
tumor metastasis. As a result, IncRNA targeting may be
a promising clinical approach to cancer treatment [7].

HOTTIP (HOXA transcript at the distal tip) is a long
non-coding RNA (IncRNA) 3,764 nucleotides long. At
the 5° end of the HOXA gene cluster, the gene encoding
HOTTIP coordinates the activation of several genes in
the 5° HOXA cluster [8]. HOTTIP exerts its function by
directly interacting with the WD repeat-containing protein
5 (WDRS5), thereby facilitating the recruitment of WDRS/
MLL complexes along the HOXA locus. This recruitment
promotes histone H3 lysine 4 (H3K4) methylation,
ultimately leading to transcriptional activation of HOXA
genes. Emerging evidence suggests that HOTTIP is
critically involved in the pathogenesis of a broad spectrum
of human cancers [9].

Clinical studies have demonstrated that HOTTIP is
frequently upregulated in cancerous tissues compared
to corresponding non-malignant counterparts [10].
Additionally, its expression levels and the severity of the
disease are correlated, either rising or falling in afflicted
individuals. Taken together, these findings support the
view of HOTTIP as a widely recognized oncogenic
IncRNA implicated in most human cancer types and has
been known as both a potential therapeutic target and a
biomarker for cancer diagnosis and prognosis [11].

Extensive evidence suggests that genetic variations
in the form of single nucleotide polymorphisms (SNPs)
can arise within IncRNAs, potentially altering their
expression and regulatory functions [12, 13]. In addition,
the association between HOTTIP SNPs and various
complications, including cancer, has been reported
previously [14, 15]. The rs5883064 is a variant in a
regulatory region, and it was reported that the HOTTIP
rs5883064 had an association with raised risk of lung
cancer [11]. The rs2067087 is localized within the second
exon of the HOTTIP gene and has been implicated in
gastric carcinogenesis through the upregulation of mature
HOTTIP expression [16]. Additionally, the rs1859168
variant resides within an intronic region of the HOTTIP
gene. Although introns are not present in the mature
form of long non-coding RNAs, they can influence
transcriptional regulation and alternative splicing,
potentially affecting gene expression. The rs1859168
reportedly decreased the occurrence of tumorigenesis by
HOTTIP downregulation [17].

Accordingly, this study investigated the potential
association between polymorphisms within the HOTTIP
gene and susceptibility to non-Hodgkin’s lymphoma.
To this end, we compared the HOTTIP gene rs5883064,
rs1859168, and rs2067087 SNPs in patients with non-
Hodgkin’s lymphoma to those in an Iranian population
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who are healthy.

Materials and Methods

subjects

This investigation was planned as a case-control
study. All patients with NHL referred to Ali Ibn Abi-Talib
Hospital had their diagnosis verified by a pathologist, and
who had no underlying medical conditions were included
in the case group. These patients had blood samples taken.
Blood samples from people with no known systemic
diseases who were routinely checked out at Ali Ibn
Abi-Talib Hospital and private clinics in Zahedan were
included in the control group. The study included 190 NHL
patients (122 men and 68 women) with an average age of
45.44 £ 15.29 years and 190 healthy people (107 men and
83 women) with an average age of 43.13 £ 12.15 years.

Genotyping

Five milliliters of peripheral blood were collected from
patients and healthy control individuals and kept at -20°C.
Genomic DNA was extracted via the salting-out technique.
Using the PCR-RFLP and ARMS-PCR methods, the
samples were genotyped. Specific primers were designed
to identify genetic polymorphisms (Table 1). Following
the optimization of PCR conditions, the samples
underwent PCR under ideal circumstances. The RFLP
method allowed for the determination of the samples’
genotypic profile by digesting the amplified products with
particular restriction enzymes, as presented in Table 1, and
then electrophoresing them on an agarose gel.

PCR amplification for genotyping was performed
using 20 pL reaction volumes. Each reaction tube for
the PCR-RFLP method contained 1 pL of genomic DNA
(~100 ng/uL), 1 pL of each primer, 10 pL of master mix,
and 7 pL of double-distilled water (ddH20). The thermal
cycling conditions for rs5883064 were as follows: initial
denaturation at 95°C for 7 minutes; 30 cycles of 95°C for
30 seconds, 68°C for 30 seconds, and 72°C for 30 seconds;
followed by a final extension at 72°C for 10 minutes. For
rs1859168, the PCR conditions were: initial denaturation
at 95°C for 6 minutes; 30 cycles of 95°C for 30 seconds,
64°C for 30 seconds, and 72°C for 30 seconds; and a
final extension at 72°C for 5 minutes. PCR products (10
pL) were subsequently digested using specific restriction
enzymes for genotyping.

For analysis of the HOTTIP rs2067087 variant, the
amplification-refractory mutation system PCR (ARMS-
PCR) technique was employed. Each 20 pL reaction
contained 1 pL of genomic DNA (~100 ng/uL), 1 uL of
each primer, 10 pL of master mix, and 7 pL of ddH-O.
The cycling conditions were: initial denaturation at 95°C
for 5 minutes; 30 cycles of 95°C for 30 seconds, 64°C for
30 seconds, and 72°C for 30 seconds, followed by a final
extension at 72°C for 5 minutes. To ensure genotyping
accuracy, approximately 20% of the samples were
randomly selected for repeat genotyping, and the results
showed 100% concordance.

Statistical Analysis
All statistical analyses were conducted using SPSS 22
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Table 1. The Primers Used for Detection of HOTTIP rs5883064, rs1859168, rs2067087 Polymorphisms

HOTTIP SNPs PCR primers (5'—3") Restriction Enzyme Fragment, bp
rs5883064 Del/Ins F: CTGGTCAGACACGGCTGGAG Hinfl Del=227
R: AGTCGGTAAACACCGCCCCAA Ins=162+65
rs1859168 C/A F: GGAGCCACAAGCAGGTTTGTCTG Haelll A=263
R: AGCAGGGTGCCTTCCTCTAAAT C=148+115

Product Size= 51

152067087 G/C F1(C Allele): GCCTAGAACCCTACTCTGTCTG -
F2(G Allele): GCCTAGAACCCTACTCTGTCTC
R:AGTGGCATTGTAAAACTCACAGTGACAAA

B2M F: TGTAAACACTTGGTGCCTGATATAGCTTGA -

Product Size= 574

R: CATCAGTATCTCAGCAGGTGCCACTAATCT

software. Continuous variables were compared using the
independent samples t-test, while categorical variables
were analyzed using the chi-square (y?) test. Logistic
regression analysis was applied to estimate odds ratios
(ORs) and corresponding 95% confidence intervals (CIs).
A p-value of less than 0.05 was considered statistically
significant.

Results

The study enrolled 190 pathologically confirmed
NHL patients. No statistically noticeable differences were
observed between the groups for sex and age (p> 0.05).

All three investigated SNPs of the HOTTIP gene
rs5883064, rs1859168, and rs2067087 were found to be
in Hardy-Weinberg equilibrium in the control group, with
p-values of 0.996, 0.909, and 0.894, respectively. These
results confirm that the observed genotype distributions
are consistent with expected Mendelian proportions and
support the validity of the genotyping process, minimizing
the likelihood of genotyping errors or population
stratification Figure 1.

Genotypic and allelic frequencies of HOTTIP
rs5883064, rs1859168, and rs2067087 variants in
Non-Hodgkin Lymphoma patients and controls are shown
in Table 2. The results showed that rs5883064 Del>Ins
variant of the HOTTIP gene significantly decreased the
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Figure 1. Electrophoresis Pattern of HOTTIP rs5883064
polymorphism. M: DNA marker, lanes 1,4: Del/Ins;
lane2: Ins and lane 3: Del

risk of lymphoma; codominant (OR = 0.494, 95% CI =
0.316-0.772, P=0.002, Del/Ins vs Del/Del; OR = 0.414,
95% CI = 0.226-0.760, p = 0. 004, Ins/Ins vs Del/Del),
dominant (OR =0.471, 95% CI=0.310-0.716, P<0.001,
Del/Ins + Ins/Ins vs Del/Del) and allelic (OR = 0.589,
95% CI=0.438-0.792, p <0.001, Ins vs Del) inheritance
models were utilized. The 1859168 C>A variant, under
the codominant model, significantly increased the risk of
lymphoma (OR =1.597,95% CI=1.012-2.518, P=0.044,
C/A vs C/C). But, recessive (OR = 0.448, 95% CI =
0.244-0.821, P=0.008, A/A vs C/A+C/C) decreased the
risk of lymphoma. The HOTTIP rs2067087 G>C variant
significantly decreased the risk of lymphoma; codominant
(OR=0.368, 95% CI= 0.193-0.701, P=0.002, C/C vs
G/G), recessive (OR = 0.404, 95% CI = 0.225- 0.726,
P=0.002, C/C vs G/G+G/C) and allelic (OR = 0.667,
95% CI = 0.499- 0.892, p = 0.006, C vs G) inheritance
models Figure 2.

The haplotype analysis results between NHL patients
and healthy controls are summarized in Table 3. The
haplotype analysis result revealed that Ins/A/G and Ins/
C/C haplotype compare with Del/C/G, were significantly
associated with the risk of NHL (OR=0.35, 95%CI=0.16-
0.77,P=0.009; OR=10.29, 95% CI=0.13-0.65, P=0.0028
respectively). These haplotypes were significantly lower
in NHL patients Figure 3.

Table 4 summarizes the association between the three
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Figure 2. Electrophoresis Pattern of HOTTIP rs1859168
polymorphism. M: DNA marker, lanes 1,4: CA; lane2:
CC and lane 3: AA
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Table 2. Association of HOTTIP (rs5883064, rs1859168, rs2067087), Polymorphisms and the Risk of NHL

Polymorphism Case n(%) Control n(%) OR(95% CI) P- Value
rs5883064
Codominant
Del/Del 94 (49.5) 60 (31.6) Ref -
Del/Ins 72 (37.9) 93 (48.9) 0.494 (0.316-0.772) 0.002
Ins/Ins 24 (12.6) 37(19.5) 0.414 (0.226-0.760) 0.004
Dominant
Del/Del 94 (49.5) 60 (31.6) Ref -
Del/Ins+Ins/Ins 96 (50.5) 130 (68.4) 0.471 (0.310- 0.716) <0.001
Recessive
Del/Del+Del/Ins 166 (87.4) 153 (80.5) Ref -
Ins/Ins 24 (12.6) 37 (19.5) 0.598 (0.342- 1.045) 0.069
Allele
Del 260 (68.4) 213(56.1) Ref -
Ins 120 (31.6) 167(43.9) 0.589 (0.438-0.792) <0.001
rs1859168
Codominant
Cc/C 53 (27.9) 64 (33.7) Ref -
C/A 119 (62.6) 90 (47.4) 1.597 (1.012-2.518) 0.044
A/A 18 (9.5) 36 (18.9) 0.604 (0.308-1.183) 0.142
Dominant
c/C 53 (27.9) 64 (33.7) Ref -
C/A+A/A 137 (72.1) 126 (66.3) 1.313 (0.848- 2.033) 0.222
Recessive
C/C+C/A 172 (90.5) 154 (81.1) Ref -
A/A 18 (9.5) 36 (18.9) 0.448 (0.244- 0.821) 0.008
Allele
C 225(59.2) 218 (57.4) Ref -
A 155 (40.8) 162 (42.6) 0.927 (0.695- 1.237) 0.606
rs2067087
Codominant
G/G 73 (38.4) 58 (30.5) Ref -
G/C 98 (51.6) 91 (47.9) 0.856 (0.547-1.339) 0.495
c/C 19 (10.0) 41 (21.6) 0.368 (0.193-0.701) 0.002
Dominant
G/G 73 (38.4) 58 (30.5) Ref -
G/C+C/C 117 (61.6) 132 (69.5) 0.704 (0.460- 1.077) 0.105
Recessive
G/G+G/C 171 (90.0) 149 (78.4) Ref -
c/C 19 (10.0) 41 (21.6) 0.404 (0.225- 0.726) 0.002
Alleles
G 244 (64.2) 207 (54.5) Ref -
C 136 (35.8) 173 (45.5) 0.667 (0.499-0.892) 0.006

HOTTIP polymorphisms (rs5883064, rs1859168, and
rs2067087) and various clinicopathological characteristics
of NHL patients, including age, histological subtype,
disease stage, treatment regimen, radiotherapy status,
and recurrence type. The distribution of genotypes across
these clinical subgroups did not reveal any statistically
significant associations (all p-values > 0.05). The genotype
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frequencies of rs5883064 did not differ significantly
between patients aged <50 and >50 years (p =0.335), and
no significant differences were observed between diffuse
large B-cell lymphoma (DLBCL) and other subtypes for
any of the SNPs. Similarly, treatment type (R-CHOP
vs. others), disease stage, and relapse status were not
associated with variant distribution, suggesting these
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Table 3. Association of HOTTIP Haplotypes and Risk of NHL

155883064 rs1859168 152067087 Case (frequency)  control (frequency) OR (95%CI) P-value
Del C G 0.2932 0.1867 1 -
Del A G 0.1693 0.1231 0.84(0.39- 1.79) 0.65
Del C C 0.1265 0.152 0.56 (0.25 - 1.23) 0.15
Ins C G 0.1027 0.1112 0.69 (0.31 - 1.55) 0.37
Ins A G 0.0768 0.1238 0.35(0.16 - 0.77) 0.009
Ins C C 0.0696 0.1238 0.29 (0.13 - 0.65) 0.0028
Del A C 0.0951 0.0988 0.56 (0.28 - 1.13) 0.11
Ins A C 0.0666 0.0807 0.63 (0.26 - 1.52) 0.31

OR, Odds Ratio; CI, Confidence Interval; Significant p-values are shown in bold (p < 0.05)
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Figure 3. Electrophoresis Pattern of HOTTIP rs2067087
polymorphism. M: DNA marker, lanes 1: GC; lane2: GG
and lane 3: CC. Product size for rs2067087= 51 bp and
for B2M=574 bp

polymorphisms may not influence disease progression
or treatment response.

Discussion

The current case-control study investigated the
association between HOTTIP gene polymorphisms
and susceptibility to NHL. Our findings revealed that
the rs5883064 polymorphism in the HOTTIP gene
significantly reduced the risk of lymphoma. Conversely,
the rs1859168 variant was associated with a statistically
significant increase in lymphoma risk under the
codominant model. Furthermore, it was discovered that
the rs2067087 polymorphism in HOTTIP considerably
reduced the risk of developing lymphoma.

Genetic variations can be very important for
determining the prognosis, treating cancer, and preventing

Table 4. Association of HOTTIP (rs5883064, rs1859168 and rs2067087) Polymorphisms with Clinicopathological

Characteristics of NHL Patients

Characteristic rs5883064 P- value 151859168 P-value 152067087 P-Value
of Patients Del/Del Del/Ins  Ins/Ins 0.335 Cc/C C/A A/A 0.648 G/G G/IC C/C 0542
Age
<50 56 50 17 32 80 11 44 67 12
>50 38 22 7 21 39 7 29 31 7
Histology 0.347 0.151 0.527
DLBCL 43 34 15 22 64 6 35 50 7
Others 50 38 15 30 55 12 37 48 12
Stage 0.355 0.215 0.49
I 51 43 10 33 65 6 40 51 13
I 13 8 15 3 12 11
111 8 3 4 2 12 1 5 8 2
v 22 18 4 10 26 8 16 27 1
Treatment 0.434 0.139 0.623
R-CHOP 53 38 10 32 63 6 39 50 12
Others 41 34 14 21 56 12 34 48 7
Radio Therapy 261 0.309 0.909
No 85 59 20 49 100 15 63 84 17
Yes 9 13 4 4 19 3 10 14 2
Kind 0.246 0.344 0.306
Primary 84 66 24 49 107 18 65 90 19
Recurrent 10 6 0 4 12 0 8 8 0
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it. According to our findings and related research,
using genetic methods to target HOTTIP and control
its expression may aid in preventing the growth and
metastasis of cancer cells, thereby improving patients’
capacity to fight the illness more successfully [18, 19].
Certain IncRNAs exhibit dysregulated expression across
various cancer types and demonstrate pronounced tissue
specificity [20]. They are potential biomarkers for cancer
diagnosis because they can be non-invasively extracted
from circulating blood.

Recent studies elucidated the role of HOTTIP in
normal hematopoiesis and lymphoid development. For
instance, a 2023 comprehensive review on IncRNA
signatures in lymphopoiesis and lymphoid malignancies
reported that HOTTIP is actively expressed during
early stages of B-cell and T-cell lineage commitment,
suggesting its involvement in lymphoid differentiation
and cell fate decisions [21].

In at least some cancer types, HOTTIP has been
linked to immune evasion. Targeting tumor cells and
modifying the tumor microenvironment are just two of
the obvious ways that HOTTIP can affect carcinogenesis.
Additionally, a growing body of research indicates that
HOTTIP plays an oncogenic role in almost every type of
cancer, indicating that a broad spectrum of cancer patients
may benefit from HOTTIP-targeted treatments [22]. The
significance of this IncRNA in tumorigenesis is further
highlighted by the discovery of a correlation between
HOTTIP SNPs and cancer susceptibility and their effect on
patient prognosis. Although HOTTIP may be a common
molecular biomarker, the basic mechanisms underlying its
role in human cancer are still mostly unknown. To date,
no studies have been published assessing the association
between HOTTIP gene polymorphisms and the risk of
NHL.

The rs2067087 polymorphism was shown to alter
mature HOTTIP levels in gastric cancer, with eQTL
analysis directly linking this SNP to differential transcript
abundance [16]. At the molecular level, HOTTIP binds
WDRS5/MLL complexes to mediate H3K4 methylation and
maintain an active chromatin state at 5’ HOXA loci [11].
In hematopoietic stem cells, HOTTIP orchestrates higher
order chromatin structures and promotes transcription of
HOXA genes crucial for lymphoid lineage commitment.
SNP-induced changes in HOTTIP expression or folding
could disrupt this scaffolding function, attenuating
chromatin binding or WDRS recruitment [23]. Specific
alleles like rs5883064 and rs2067087 may weaken
oncogenic HOXA activation providing protective effects
in lymphoma whereas rs1859168 may enhance HOTTIP
function, thereby heightening NHL risk.

The association between HOTTIP expression and
cancer prognosis was examined in a 2017 meta-analysis
by Fan et al., which comprised 652 cancer patients from
seven relevant studies. The findings suggested that a
poorer prognosis for cancer patients may be linked to
elevated HOTTIP expression [24]. Additionally, there
was a significant linkage between distant and lymph node
metastasis and elevated HOTTIP expression.

Geng et al. (2016) discovered that individuals with
the rs1859168 or rs5883064 had an increased risk of lung
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cancer. However, in the current study, it was revealed
that the rs5883064 polymorphism in the HOTTIP gene
significantly decreased the risk of lymphoma, while
the rs1859168 polymorphism in the codominant model
significantly increased the risk of lymphoma [16].

Furthermore, HOTTIP SNPs rs2067087 and rs3807598
were linked to an elevated risk of gastric cancer in 2020,
according to Wang et al. On the other hand, our research
found that the HOTTIP rs2067087 variant significantly
protected against lymphoma [15]. Three SNPs (rs3807598,
rs2067087, and rs17427960) were linked to an increased
risk of colorectal cancer, according to research published
in 2019 by Lv et al. Similarly, our results also showed
that the HOTTIP rs2067087 variant and the rs5883064
polymorphism significantly reduced the risk of lymphoma
[15].

According to Abdi et al.’s 2020 study, the risk of gastric
cancer was considerably increased by the HOTAIR SNPs
rs17720428, rs7958904, and rs1899663, as well as their
interaction with the HOTTIP rs1859168 polymorphism.
Consistent with these results, our investigation verified
that the codominant model’s 1859168 variant markedly
elevated the risk of NHL [25].

While genetic factors, particularly SNPs within
IncRNA genes, have been recognized as contributors to
an elevated risk of cancers, our study provides the initial
finding illustrating the correlation between HOTTIP
genetic variants and the risk of NHL.

In addition, in the current study although significant
associations were observed between HOTTIP
polymorphisms and overall NHL risk, no correlations
were found with clinicopathological features such as
histology subtype, disease stage, or treatment response.
This finding is consistent with other IncRNA-focused
studies: for instance, polymorphisms in the H19 IncRNA
have been shown to influence cancer susceptibility in
hematologic malignancies, but did not correlate with
clinical or pathological variables within those patient
groups [26]. Such patterns suggest that while certain
IncRNA SNPs may contribute to the initial development
of malignancy, they might not affect disease progression,
subtype, or therapeutic outcomes.

Our haplotype analysis revealed two protective
combinations Ins/A/G and Ins/C/C whose frequencies
were significantly lower in NHL patients than in
controls. Such findings mirror similar observations in
colorectal cancer, where specific HOTTIP haplotypes
were associated with altered cancer risk. For example, in
a Chinese cohort, haplotypes containing rs2067087 were
linked to CRC susceptibility, suggesting that combinations
of HOTTIP variants work synergistically to affect gene
function and disease risk. One possible mechanism
is that these protective haplotypes modify HOTTIP’s
secondary structure or its interaction with chromatin
modifier complexes, tempering transcription of oncogenic
HOXA genes. This implies that SNPs may act jointly
not additively to fine-tune IncRNA activity. Functional
assays evaluating HOTTIP expression, RNA folding, or
chromatin binding in the presence of these haplotypes
would help elucidate the underlying biology [15].

There are some restrictions on this study. There were



190 cases and 190 controls in all, and more data seems
required to draw more accurate conclusions. Furthermore,
selection bias might have existed because sampling was
limited to the Zahedan population and done in a single
center. Furthermore, non-functional SNPs were excluded
from this study, which only looked at three potentially
functional polymorphisms. Another limitation of our study
is the potential for selection bias, as the control group
was recruited from individuals attending hospital clinics.
Although these participants were free of systemic disease,
their health-seeking behavior or underlying conditions
not screened for in this study could have influenced the
observed genotype distributions. Future studies should
aim to include population-based controls to minimize
this source of bias.

In conclusion, our results showed that the HOTTIP
gene’s rs5883064 polymorphism has a protective
function by considerably lowering the risk of lymphoma.
In the codominant model, the 1859168 variant was
found to be a risk factor for non-Hodgkin’s lymphoma,
considerably raising the likelihood of developing the
illness. Furthermore, the HOTTIP rs2067087 variant
demonstrated a protective effect, considerably lowering
the risk of lymphoma.

To confirm our findings, more research on larger
populations with more ethnic diversity is advised.
Future studies should also look into other pertinent
SNPs in the HOTTIP gene and how they affect changes
in gene expression, in addition to the polymorphisms
examined in this study. Moreover, if these associations
are validated, HOTTIP polymorphisms may serve as
useful biomarkers in the development of genetic risk
prediction models or non-invasive diagnostic panels for
NHL. Incorporating such variants into personalized risk
stratification tools could help in the early identification of
high-risk individuals and contribute to precision oncology
strategies.
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