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Introduction

NPC arises from
and represents
unique sub f

ithelial cells lining the nasopharynx
ologically and epidemiologically
and neck cancer [1]. Although
globally » NPC displays high incidence in
Southeast Asia, North Africa, and parts of the Middle
East, including Jordan, making it an important regional
health concern [2]. Genetic predisposition plays a
pivotal role in NPC susceptibility, particularly genes
involved in xenobiotic metabolism, immune regulation,
and oxidative stress control [3]. Imbalance between
reactive oxygen species (ROS) and antioxidant defense
mechanisms is called oxidative stress which lead to
genetic instability that increase cancer risk [4]. Over
forty single-nucleotide polymorphisms (SNPs) have
been linked to NPC risk worldwide [5], but data from

Middle Eastern populations remain limited. The
Jordanian study summarized in this review represents
one of the first focused investigations of oxidative
stress-related genes in NPC within this population.

Epidemiology and Clinical Significance of
NPC

NPC originates from the epithelial lining of the
nasopharynx and constitutes a biologically distinct
subgroup of head and neck cancers [6]. Unlike most
squamous cell carcinomas of the upper aero-digestive
tract, NPC exhibits marked geographic clustering, with
the highest incidence in Southeast Asia, southern China,
North Africa, and parts of the Middle East, including
Jordan [7]. This uneven distribution suggests strong
interactions between environmental exposures (such
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as dietary nitrosamines and smoking), viral infection,
and host genetic background [3]. NPC is classified as
keratinizing carcinoma (squamous cell carcinoma), non-
keratinizing carcinoma (differentiated and
undifferentiated variants), and basaloid squamous cell
carcinoma. Non-keratinizing subtype is the endemic
form, primarily found in Asia [8]. Within Jordan, NPC
represents a clinically important malignancy
characterized predominantly by undifferentiated
histological subtypes as reported in the Jordanian
cohort in which 91.43% of tumors belonged to this
category. Male predominance was also observed, with
approximately 78% of cases occurring in men.
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Oxidative stress arises from excessive production of
ROS relative to cellular antioxidant capacity, resulting in
oxidative modification of lipids, proteins, and nucleic
acids [9]. These molecular lesions promote

mutagenesis, chromosomal instability, altered signaling
pathways, and malignant transformation [10]. In NPC,
chronic inflammation, viral infection, and immune
responses, may further amplify ROS generation in
accelerating

nasopharyngeal tissues,

processes.
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This sch ticillustrates the interplay between EBV
infection, chrohic inflammation, and host immune
responses in promoting oxidative stress within
nasopharyngeal epithelium. EBV latent oncoproteins
(e.g., LMP1 and EBNA1) stimulate intracellular reactive
oxygen species (ROS) production and induce DNA
damage. Concurrently, chronic inflammation and
cytokine release recruit immune cells such as
macrophages, neutrophils, and T lymphocytes, which
further amplify ROS generation through inflammatory
signaling pathways. The cumulative oxidative stress
leads to lipid peroxidation, genomic instability, and
mutation  accumulation, thereby  accelerating

Oncogenic Progression

Nasopnaryngeal Carchoma

Figure 1. Oxidative stress driven oncogenic progression in NPC.

oncogenic transformation. Persistent redox imbalance
promotes tumor growth, angiogenesis, and metastatic
potential, ultimately driving the progression from
normal epithelium to NPC].

Two enzyme systems are central to this balance;
GPx-1, a selenium-dependent antioxidant enzyme that
detoxifies hydrogen peroxide and lipid hydro peroxides,
thereby protecting cellular membranes and genomic
DNA [11]. The second enzyme is MPO, a heme-
containing enzyme in neutrophils that generates
hypochlorous acid for antimicrobial defense but can
promote tissue injury and mutagenesis when
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overactive [12, 13]. Functional polymorphisms in either  EBV, Oxidative Stress, and NPC

system may tilt redox homeostasis toward persistent

oxidative damage, thereby increasing cancer  EBV infection is a hallmark of nonkeratinizing NPC and
susceptibility [14]. contributes to tumorigenesis through inflammation,

Beyond GPx-1 and MPO, multiple antioxidant and  genomic instability, immune modulation, and
pro oxidant genes contribute to redox homeostasis and ~ metabolic reprogramming [20]. Recent studies
influence cancer susceptibility [15]. Genetic variationin ~ demonstrate that EBV actively drives oxidative stress,
these genes may modulate individual oxidative stress  creating a redox environment that promotes oncogenic
responses and modify cancer risk across populations, ~ progression and therapy resistance. EBV oncoprotein
these genes include: (1) Catalase, breaks down LMP1 induces high ROS levels through upregulation of
hydrogen peroxide; polymorphisms in its promoter =~ NADPH oxidases and triggers a redgx resetting in
region can alter enzyme activity and influence cancer  infected NPC cells characterized ingreased ROS
risk [16]. (2) Superoxide dismutase, convert superoxide  accumulation and enhanced antio nses via
radicals to hydrogen peroxide; SNPs such as SOD2  Nrf2 signaling. This redox Shif@ d with EBV

io

Vall6Ala have been linked to altered ROS levels and  reactivation and contribut jties and tumor
cancer susceptibility in other malignancies [17]. (3)  recurrence [21].

Peroxiredoxins, reduce peroxide levels and regulate Markers of oxidat amage such as (8-
redox signaling; their expression is affected by viral  hydroxy-2-deoxy osin8jare elevated in NPC patient
oncogenes and oxidative stress in NPC cell models [18].  samples and co with both EBV DNA levels and

(4) Nuclear factor erythroid 2 related factor 2 (Nrf2),  poor clinicg
master regulator of antioxidant response controlling between Vi
transcription  of numerous detoxification and  [21]. A

antioxidant enzymes [17]. (5) Glutathione peroxidase 4  shown
sing ROS and potentially facilitating NPC

(GPx-4), protects against ferroptosis, a form of oxidative
cell death; EBV infection induces GPx-4 expression in o5
% tasis [18]. This evidence supports a model in
h EBV not only establishes latent infection but also

underscoring a direct link
on and oxidative genomic stress
EBV nuclear antigen EBNA1 has been
ate oxidative stress response proteins
roxide dismutase and peroxiredoxin,

NPV, promoting progression and therapy resistan
[19]. This expanding network of redox related es

highlights that genetic predisposition to oxita eprograms host redox mechanisms to favor
imbalance is multi genic and may int wit carcinogenesis, linking viral biology, inflammation
environmental and viral factors to dify C  oxidative stress, and genetic susceptibility.

susceptibility and progression.
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Figure 2. EBV mediated reprogramming of host redox mechanisms in NPC.
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This schematic illustrates how EBV infection
reshapes host cellular redox homeostasis to promote
carcinogenesis in nasopharyngeal epithelial cells.
Following infection, EBV latent oncoproteins (including
LMP1 and EBNA1) stimulate pro-oxidant pathways
such as NADPH oxidases (e.g., NOX2), leading to
increased production of reactive oxygen species (ROS).
Elevated ROS induces oxidative DNA damage (e.g., 8-
OHdG formation), genomic instability, and activation
of oncogenic signaling pathways]. (Adapted from
author.

Concurrently, EBV activates antioxidant defense
systems through redox-sensitive transcription factors
such as Nrf2, upregulating downstream targets (e.g.,
NQO1, HO-1, and peroxiredoxins). This “redox
reprogramming”  establishes a balanced but
persistently elevated oxidative state that supports
tumor cell survival under stress conditions, enhances
resistance to radiotherapy and chemotherapy, and
facilitates immune modulation [22]. The combined
pro-oxidant and antioxidant adaptations create a
tumor-permissive microenvironment that accelerates
malignant transformation, tumor progression,
immune evasion, and metastasis, ultimate
contributing to the development and maintenancg’of
NPC.

Tumor Microenvironment an idat
Stress in NPC

The tumor microenvironment
influences NPC progression inte
cells with immune ¢
endothelial cells, and e

ting malignant
| fibroblasts,

omotes tumor growth,
nd , metastasis [23]. Chronic
TME drives persistent ROS

malignant transformation and survival. ROS in the TME
is generated by cancer cells, infiltrating inflammatory
cells (neutrophils and macrophages), and stromal
fibroblasts, leading to genomic instability and
metastatic behavior through cytoskeleton remodeling
and mitophagy pathways [24].

In NPC specifically, the coexistence of tumor-
infiltrating lymphocytes with EBV-infected epithelial
cells fosters a distinct TME that enables immune
evasion while supporting oxidative stress driven

G

oncogenesis. Studies indicate that EBV products such
as LMP1 and EBNA1 can further alter oxidative state of
NPC cells and their surroundings, increasing ROS via
NADPH oxidases and modifying antioxidant pathways
[25]. The combination of an inflammatory
microenvironment and oxidative stress underscores
the importance of redox regulation as determinant of
disease progression and therapeutic resistance in NPC,
linking extracellular signals directly” to oncogenic
pathways and DNA damage respo

Genetic Polymorphis
Cancer Risk

Genetic polymorphi iled as DNA variants
present in at le % of%a, population) can influence
enzyme activity, expression levels, or protein stability
are silent, nonsynonymous single
morphisms (SNPs) may directly modify
protei ctlge and catalytic efficiency, thereby
alterin ISease  susceptibility  [27]. GPx-1
morphisms are particularly notable because the
in located on chromosome 3p21.3 and includes
ional variants previously associated with reduced
ymatic activity and elevated cancer risk [28]. Meta-
analysis have confirmed that GPX-1 polymorphisms
such as 1050450 are associated with overall cancer risk
in pooled analysis, including head and neck cancers,
suggesting broader importance of oxidative defense
variation.  Similarly, MPO polymorphisms at
chromosome 17922 can influence inflammatory
responses and oxidative burden by altering enzyme
production or activity [29].

GPx-1 Polymorphisms in NPC

GPx-1 polymorphisms have been linked to several
malignancies, including colorectal, bladder, and lung
cancers in diverse populations, supporting the
biological plausibility that compromised peroxide
detoxification promotes malignant transformation
[30]. The Jordanian data extend these observations to
NPC and highlight population specific genetic risk
profiles; the study involved 40 NPC patients and 18
controls.

In the Jordanian NPC cohort, sequencing revealed
two major nonsynonymous variants; 1416T>TC
(Isoleucine>Threonine) associated with a 1.68-fold
increased NPC risk (OR = 1.68; P = 0.004). And 1458C>T
(Prolin  —>Leucine; P200L) displayed a stronger
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association (OR = 2.03; P = <0.001). Structural
modeling suggested that these substitutions may
destabilize the enzyme’s hydrophobic core or disrupt
protein folding, ultimately reducing antioxidant
efficiency and heightening vulnerability to ROS-
mediated DNA damage.

MPO Polymorphisms in NPC

MPO gene variation has shown inconsistent
association with cancer across populations, acting
either as a risk or protective factor depending on
tumor type and genetic background [31]. The
Jordanian NPC study identified two nonsynonymous
variants; 611G>A (Glycine>Arginine) OR = 1.54; P =
0.013. And 763G>GA (Glycine>Serine) OR = 1.89; P =
0.001. Both variants were predicted to influence
catalytic activity or protein folding, potentially
enhancing MPO-mediated ROS production and chronic
inflammatory signaling in nasopharyngeal tissues.

Gene Environment virus Interactions in
NPC

NPV development can be conceptualized as a
multistep process, where none of the factors alone is

sufficient, but together they create a permissiv @
oncogenic environment: @

Dietary Nitrosamines; Consumption S
preserved fish and other nitrosamine rich foods, has
been strongly associated with NPC risk. osamines
generate DNA adducts and oxidative age,
individuals carrying polymorphisms,in jfication
and oxidative stress related genes aye reduced
capacity to neutralize inogens  increasing

susceptibility to DNA da

essed foods contain
metabolic activation to
intermediates. MPO produced
nic inflammation generates
X as hypochlorous acid. MPO
activity may®¥nhance nitrosamine activation, increase
oxidative and @hlorinated DNA damage, and amplify
inflammatory ROS production [32].

Salt preserved fis
nitrosamines whi

dp

Tobacco Smoke; Cigarette smoking increases ROS
and nitrosamine exposure in the nasopharyngeal
epithelium, polymorphisms in oxidative stress
regulating genes may modulate the extent of oxidative
DNA damage in exposed individuals, this decreases the
ability to neutralize hydrogen peroxide and lipid
peroxides generated by tobacco exposure leading to,
increased oxidative damage, higher mutation burden,
and enhanced carcinogenic susceptibility [33].

Viral Load and Host Immune Genetics; Circulating EBV
DNA is a validated biomarker for NPC diagnosis and
prognosis, host immune gene variants may influence
viral persistence and viral load levels, high EBV viral
load combined with reduced antioxidant capacity may
result in persistent oxidative DNA damage, genomic
instability, and enhanced malignant transformation
[34].

Genetic Susceptibility to Cancer in Jordan

Genetic epidemiology studies ing Jordan have
increasingly highlighted polymorphismsgin metabolic
and inflammatory genes such as M , CYPA50, IL-1,

HRAS, and GSTP1 as contr cancer risk,
emphasizing the role of Xi and immune
pathways in tumor development [35]. However, NPC
specific genetic in i emain scare. Given
Jordan’s unique ironmental exposures and ethnic
tification of GPx-1 and MPO

Clinical@nd Public Health Implications

consistent association of antioxidant and pro-
nt related gene polymorphisms with NPC in
an support several translational possibilities; Risk
tratification through genetic screening in high

incidence families or endemic regions, Preventive

strategies emphasizing antioxidant status, and
personalized surveillance for individuals carrying high
risk alleles. The study concluded that these

polymorphisms may serve as future biomarkers for
NPC susceptibility, although functional assays and
larger population-based studies remain essential
before clinical implementation.

Conclusion

Accumulating evidence implicates oxidative stress as a
driving force in NPC pathogenesis. Findings from
Jordan demonstrate that nonsynonymous variants in
GPx-1 and MPO significantly increase NPC risk,
reinforcing the biological importance of redox
regulation in carcinogenesis. These data expand the
global understanding of NPC genetics and emphasize
the need for region specific molecular epidemiology
studies to guide precision oncology initiatives.
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