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Abstract

Nasopharyngeal carcinoma (NPC), a type of epithelial cancer, is frequently found in Southeast Asia and Southern China.
The Epstein-Barr Virus (EBV) significantly contributes to the development of NPC by producing latent proteins,
particularly Latent Membrane Protein 1 (LMP-1). This protein acts as an oncoprotein, activating several signaling
pathways, including NF-xB, JAK/STAT, and PI3K/Akt. Consequently, this factor facilitates cellular proliferation,
angiogenesis, and the inhibition of apoptosis. A multitude of investigations have established a correlation between the
expression of LMP-1 and both the malignancy of tumors and the clinical outcomes of individuals afflicted with KNF.
LMP-1 detection can be achieved through immunohistochemistry (IHC), polymerase chain reaction (PCR), or in situ
hybridization (ISH) techniques, each exhibiting varying degrees of sensitivity and specificity. Furthermore, LMP-1
serves as a critical diagnostic and prognostic indicator, and it also presents a potential target for molecular interventions
in nasopharyngeal cancer.
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1. Introduction

Nasopharyngeal carcinoma (NPC), a type of cancer that starts in the epithelial cells, shows a specific geographical
pattern, with greater rates of occurrence in Southeast Asia, Southern China, and some areas of North Africa (1). Unlike
other malignancies of the head and neck, nasopharyngeal carcinoma (NPC) is strongly associated with infection with
the Epstein-Barr Virus (EBV). This virus, which can cause cancer, is a kind of herpesvirus that can stay dormant in
epithelial cells and lymphocytes. The presence of Epstein-Barr virus (EBV) is virtually always seen in cases of non-
keratinizing undifferentiated carcinoma (KNF), which highlights its important role in the disease's development (2).

Latent Membrane Protein 1 (LMP-1) is the main protein produced by the Epstein-Barr virus (EBV) during its latent
phase. This protein acts as an oncoprotein, mimicking the CD40 receptor's function. As a result, it starts many cellular
signaling pathways, including NF-kB, JAK/STAT, and PI3K/Akt. These pathways' activation thus promotes cell growth,
the creation of new blood vessels, and resistance to programmed cell death, all of which are key features of cancer cells
(3). Furthermore, studies indicate a connection between higher LMP-1 expression and both the clinical grade of the
tumor and its aggressive behavior. However, the exact cause-and-effect link is still being studied (4).

Besides its involvement in changing cells, LMP-1 also affects the tumor microenvironment. It does this by encouraging
lymphocyte infiltration and affecting the local immune system. This phenomenon highlights the immune system's ability
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to recognize and evade the immune response in EBV-infected KNF cells, which is characterized by a complicated
interplay between tumor cells and the host's immune system (2). Therefore, LMP-1 is relevant not only as a cause of
disease but also as a possible biomarker for diagnosis and prognosis, and as a target for molecular therapies in KNF (5).

This review will analyze the biological significance of the Epstein-Barr Virus, especially the LMP-1 protein, in the
development of nasopharyngeal cancer. The study will also assess different approaches for identifying LMP-1.
Improving the diagnosis and treatment of nasopharyngeal carcinoma (NPC) is the main goal, and this will be achieved
by employing molecular biomarkers.

2. Epstein-Barr virus

2.1. Structure and Characteristics of the Epstein-Barr Virus

The Epstein-Barr Virus (EBV), a virus with double-stranded DNA (dsDNA), is classified under the Herpesviridae family.
It belongs to the Gammaherpesvirinae subfamily and the Lymphocryptovirus genus. The virus's structure is defined by
four basic parts: a core that carries the viral DNA, an icosahedral capsid that is around 120-180 nm broad, a tegument
layer, and a lipid envelope. The viral envelope has glycoproteins on its surface, which are essential for the virus to bind
to and enter host cells (7). The Epstein-Barr virus (EBV) has a genome that is around 172 kilobase pairs (kbp) long. The
genome comprises roughly eighty genes. These genes are involved in the virus's replication, the regulation of gene
expression, and the mechanism by which the virus alters host cells, potentially leading to cancer (8).

Genetically, Epstein-Barr virus (EBV) is classified into two main types: EBV type 1 (A) and EBV type 2 (B). Differences
in the sequences of the EBNA2 and EBNA3 genes (6) are used to identify these kinds. The two varieties are found in
separate geographical areas. Type 1 is most common in Asia and Europe, while type 2 is predominantly found in Africa.
The viral life cycle includes two primary stages: the lytic phase and the latent phase. During the lytic cycle, the virus
actively replicates, which leads to the creation of new virions. In contrast, the latent phase only shows a limited range
of gene expressions. These latent genes, such as EBNA1-6, LMP1-2, and EBERs, are crucial for the development of
cancer and the virus's long-term survival in the host cell (7).

The Epstein-Barr virus (EBV) has a strong predilection for nasopharyngeal epithelial cells and B lymphocytes. The virus
infects these cells when the viral glycoprotein gp350/220 binds with the CD21 (CR2) receptor on the cell surface (9).
Once inside a cell, Epstein-Barr virus (EBV) has a few tricks up its sleeve. It can dodge the immune system's defenses by
blocking the presentation of antigens via MHC class [ molecules. Additionally, EBV alters the body's cytokine responses.
This unusual trait permits the Epstein-Barr virus (EBV) to stay in a lasting, inactive state, while simultaneously
contributing to the development of malignancies including nasopharyngeal carcinoma and other lymphomas (8).

2.2. EBV Cycle

The Epstein-Barr Virus (EBV) infection cycle involves two main stages: the lytic phase and the latent phase. Both of
these stages are important in the development of illnesses, such as nasopharyngeal cancer. During the lytic phase,
Epstein-Barr virus (EBV) uses its viral glycoproteins, gp350 and gp42, to attach to CD21 and HLA class Il receptors on
the surface of host cells. This attachment allows the virus to penetrate epithelial cells or B lymphocytes. After the virus
enters a cell, it brings its DNA into the cell's nucleus. This starts a process of active replication, making new viral
particles. These particles then allow the infection to spread to neighboring cells (10).

In contrast, during the dormant phase, Epstein-Barr virus (EBV) keeps its genetic material in an episomal form within
the nucleus, without creating new viral particles. At this stage, the virus produces multiple latent genes, including LMP-
1, EBNA (Epstein-Barr Nuclear Antigen), and LMP (Latent Membrane Protein). These genes are crucial for the host cells’
transformation and ongoing survival. This latent cycle allows the virus to persist in the human body for a long time. It
can then reactivate, entering the lytic phase, when the immune system is weakened or inflammation continues.
Reactivation of Epstein-Barr virus (EBV) may increase the risk of developing epithelial cancers, such as nasopharyngeal
carcinoma and lymphoproliferative disorders (11).

2.3. EBV in Nasopharyngeal Carcinoma

The Epstein-Barr Virus (EBV) is a key factor in the development of Nasopharyngeal Carcinoma (NPC), particularly the
non-keratinizing subtype, which is common in Southeast Asia. When EBV infects cells, it causes nasopharyngeal
epithelial cells to change. This happens through the expression of latent proteins, such as Latent Membrane Protein 1
(LMP-1), EBNA-1, and LMP-2A. These proteins then activate cancer-related signaling pathways, including NF-kB,
JAK/STAT, and PI3K/Akt. Consequently, these processes promote increased cell proliferation, migration, and resistance
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to apoptosis in the affected cells (12). Furthermore, the interaction between Epstein-Barr virus (EBV) expression and
host genetic factors, such as variations in the MMP-11 gene, can worsen the cancer process. This happens by changing
the tumor microenvironment and promoting the breakdown of the extracellular matrix (13).

Additionally, EBV promotes epigenetic changes and increases RNA stability, which speeds up the development of
nasopharyngeal carcinoma (NPC). Recent studies suggest that EBV can create a positive feedback loop between the
FOXD1 gene and the NAT10 enzyme, thus supporting the growth and spread of nasopharyngeal cancer cells (12). This
finding shows that EBV acts not only as an infectious agent but also as a regulator of host oncogenic gene expression
through epitranscriptomic control. Currently, biomarkers such as LMP-1, plasma EBV DNA, and viral non-coding RNA
are being developed to help with early diagnosis and to evaluate how well treatments are working in patients with
nasopharyngeal carcinoma (NPC) (10).

3. Latent Membrane Protein - 1 (LMP-1)

3.1. Structure of Latent Membrane Protein-1 (LMP-1)

Latent Membrane Protein-1 (LMP-1) is a key oncoprotein produced by the Epstein-Barr Virus (EBV) during the latent
phase of type II infection, particularly in nasopharyngeal carcinoma (NPC) and Hodgkin lymphoma. This membrane
protein has six transmembrane domains, a short cytoplasmic N-terminal region, and a long C-terminal region that is
involved in signal transduction (15). Functionally, LMP-1 acts like the "EBV equivalent of CD40," mimicking CD40
receptor activation in B or epithelial cells, which leads to pro-survival signals (16).

As aresult, LMP-1 activation triggers several signaling pathways, including NF-kB, JNK, p38 MAPK, and PI3K/Akt, which
then increase the expression of anti-apoptotic genes such as Bcl-2, A20, and survivin (17). Therefore, LMP-1 significantly
affects the cellular microenvironment, promoting tumor cell growth and survival.

3.2. The Role of LMP-1 in NPC Tumorigenesis

Latent Membrane Protein-1 (LMP-1), the primary oncoprotein of the Epstein-Barr Virus (EBV), triggers the
transformation of nasopharyngeal epithelial cells through the activation of several cellular signaling pathways,
specifically NF-kB, JAK/STAT, and PI3K/Akt, which collectively promote the proliferation and survival of cancer cells.
The activation of NF-kB by LMP-1 leads to an increased expression of pro-proliferative genes, including cyclin D1, and
anti-apoptotic genes such as Bcl-2, thereby providing a growth advantage to the infected cells (19). Moreover, LMP-1
activates STAT3, which in turn elevates the production of survivin and Mcl-1, two essential proteins that prevent cellular
death (20).

3.3. LMP-1 as a biomarker in nasopharyngeal carcinoma

The expression of Latent Membrane Protein-1 (LMP-1) shows a correlation with the clinical stage and severity of
nasopharyngeal carcinoma (NPC) (18). Higher levels of LMP-1 are often seen in patients with advanced-stage disease,
suggesting its importance in the disease's development and its potential as a biological marker for tumor invasiveness
(21). The activation of LMP-1 triggers oncogenic signaling pathways, including NF-xB and PI3K/Akt, which promote
cancer cell growth and help the cells resist programmed cell death (22). Furthermore, LMP-1 is significantly linked to
both nodal and distant metastasis, with increased expression associated with a greater number of positive lymph nodes
and a higher chance of tumor spread (23). This approach is characterized by an increased synthesis of adhesion
molecules and angiogenic factors, such as VEGF, which facilitate tissue invasion (24). Furthermore, LMP-1 contributes
to therapeutic resistance, encompassing both radioresistance and resistance to cisplatin-based chemotherapy, through
its regulation of the anti-apoptotic gene Bcl-2 and its influence on autophagy (25).

LMP-1 functions as a predictive biomarker and can be employed alongside other molecular markers, including KYNU
and IncRNA FAM3D-AS1, to improve clinical risk stratification and predict therapeutic outcomes (21). Elevated LMP-1
expression is often associated with reduced survival rates and an increased likelihood of recurrence; consequently,
routine LMP-1 testing may provide significant prognostic value (26). The utilization of LMP-1 as a comprehensive
biomarker could enhance diagnostic accuracy, assessment of disease progression, and therapeutic effectiveness in
patients with NPC (23).
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4., LMP-1 Detection Methods

4.1. Histopathological Detection

Histopathological methods are crucial for detecting the presence of Latent Membrane Protein 1 (LMP-1) within
nasopharyngeal cancer tissues, employing FFPE (formalin-fixed paraffin-embedded) specimens. This technique allows
for the extended preservation of both tissue architecture and viral antigens, which is indispensable for subsequent
analyses, including immunohistochemistry and in situ hybridization (27). A network of nasopharyngeal carcinoma
(NPC) exists, where LMP-1 expression is often concentrated in areas of epithelial cells undergoing neoplastic
transformation, a finding that correlates with tumor proliferation. Consequently, this methodology provides a
fundamental foundation for subsequent specialized assays targeting other EBV proteins, such as EBER or EBNA (18).

4.2. Detection by Immunohistochemistry (IHC)

Immunohistochemistry (IHC) is the primary method for detecting LMP-1 in nasopharyngeal carcinoma (NPC) tissue.
This is due to its simplicity, accessibility, and ability to locate proteins directly in the tissue. The basis of
immunohistochemistry (IHC) is the specific interaction between antibodies and target antigens. Monoclonal antibodies,
such as CS1-4, are used to identify the LMP-1 epitope (27). LMP-1 expression was assessed by examining the amount of
cytoplasmic or membrane staining in tumor cells. This was done using a semi-quantitative scoring system that
considered both the proportion of stained cells and the intensity of the staining (18). The main advantages of this
method are its simplicity and its ability to assess both tissue structure and antigen expression. However, its
disadvantages include variability in antibodies and staining procedures, which can affect the sensitivity of the results
(28).

4.3. Other Methods

In addition to immunohistochemistry (IHC), the identification of Epstein-Barr virus (EBV) employs molecular
techniques such as polymerase chain reaction (PCR) and in situ hybridization (ISH) for the detection of EBER. PCR
exhibits considerable sensitivity, enabling the detection of EBV DNA even in minute samples, while ISH allows for the
direct visualization of viral RNA transcripts within the tissue. Although less frequently used in nasopharyngeal
carcinoma (NPC) due to their inherent complexity and the necessity for fresh specimens (29), Western blotting and flow
cytometry have been applied. Generally, ISH offers greater specificity compared to PCR; however, PCR is more adept at
detecting EBV with high sensitivity, particularly in the early identification of EBV in latent NPC cases.

4.4. Relationship between LMP-1 Expression and Clinical Implications

The expression of Latent Membrane Protein-1 (LMP-1) plays a crucial role in determining the clinical severity of
nasopharyngeal carcinoma (NPC). Increased LMP-1 expression is associated with more advanced TNM stages and
poorer histological differentiation. LMP-1's activation of the TGF-/Smad3/NRP1 pathway promotes epithelial-
mesenchymal transition (EMT), thereby increasing the invasive and proliferative capabilities of the primary tumor (30).
Meta-analyses have also shown similar correlations, revealing a strong link between LMP-1 positivity and lymph node
metastases (31).

Beyond its role in tumor proliferation, LMP-1 influences both therapeutic efficacy and patient prognosis. Extracellular
vesicles that harbor LMP-1 can initiate the p38 MAPK pathway, thereby contributing to resistance to radiation therapy
and a decrease in sensitivity to chemotherapy (32). Furthermore, patients with positive LMP-1 expression exhibited a
higher rate of recurrence and a shorter overall survival duration when contrasted with those displaying negative LMP-
1 expression (33). Recent findings support the potential of LMP-1 as a predictive biomarker, reflecting disease severity,
metastatic potential, and clinical outcomes in nasopharyngeal carcinoma (NPC) (34).

5. Conclusion

The Epstein-Barr Virus (EBV) plays a crucial role in the development and progression of nasopharyngeal carcinoma
(NPC), primarily through the expression of latent genes such as Latent Membrane Protein-1 (LMP-1). LMP-1 functions
as a viral oncoprotein, activating diverse signaling pathways, including NF-kB, JAK/STAT, and PI3K/Akt, thereby
promoting cellular proliferation, angiogenesis, invasion, and resistance to apoptosis. These molecular alterations
highlight EBV, specifically LMP-1, as a key driver of carcinogenesis in NPC, and they underscore the importance of
understanding viral-host interactions in disease progression.
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LMP-1 demonstrates considerable clinical utility as a diagnostic and prognostic biomarker. Elevated LMP-1 expression
is consistently associated with advanced TNM stage, poor differentiation, increased lymph node involvement, and
distant metastases. LMP-1 contributes to treatment resistance, particularly in response to radiotherapy and platinum-
based chemotherapy, through the activation of p38 MAPK and the upregulation of anti-apoptotic pathways. These
observations imply that assessing LMP-1 expression could refine risk stratification and potentially enable more
personalized treatment approaches for patients with nasopharyngeal carcinoma (NPC).

Accurate identification of LMP-1 expression in clinical specimens has been achieved through various detection methods,
including immunohistochemistry (IHC), PCR, and in situ hybridization (ISH). The utilization of these techniques
supports early diagnosis, the monitoring of disease progression, and the evaluation of therapeutic effectiveness.
Presently, the available evidence suggests that integrating Epstein-Barr virus (EBV) and LMP-1 profiling into routine
clinical practice may enhance diagnostic accuracy, deepen biological understanding, and promote the development of
targeted therapies for nasopharyngeal cancer.

Compliance with ethical standards

Acknowledgement

We express our sincere appreciation to all individuals who contributed to this work, including our collaborators and
supervisors for their support and expertise, as well as Universitas Airlangga for providing this valuable opportunity. We
also extend our gratitude to our families and colleagues for their continuous encouragement throughout the completion
of this study.

Disclosure of conflict of interest

No conflict of interest to be disclosed.

References

[1]  Su ZY, Siak PY, Leong CO, Cheah SC. The role of Epstein-Barr virus in nasopharyngeal carcinoma. Frontiers in
Microbiology [Internet]. 2023 Feb 9;14: 1116143. Available from:
https://doi.org/10.3389/fmicb.2023.1116143Gyldenkerne C, Kahlert ], Olesen KKW, Thrane PG, Sgrensen HT,
Thomsen RW, et al. Twenty-Year Temporal Trends in Risk of Ischemic Stroke in Incident Type 2 Diabetes: A Danish
Population-Based Cohort Study. Diabetes Care [Internet]. 2022 Sep 1 [cited 2024 Dec 8];45(9):2144-51.
Available from: https://dx.doi.org/10.2337 /dc22-0440

[2] Yoshizaki T, Kondo S, Dochi H, Kobayashi E, Mizokami H, Komura S, et al. Recent advances in assessing the clinical
implications of Epstein-Barr virus infection and their application to the diagnosis and treatment of
nasopharyngeal carcinoma. Microorganisms [Internet]. 2023 Dec 20;12(1):14. Available from:
https://doi.org/10.3390/microorganisms12010014Demiral GZ, Akin SB. The effects of micro- and
macrovascular diabetic complications on ischemic stroke in patients with type 2 diabetes mellitus. Turkish
Journal of Neurology. 2024 Sep 6;30(3):167-72.

[3] Low YH, Loh CJL, Peh DYY, Chu AJM, Han S, Toh HC. Pathogenesis and therapeutic implications of EBV-associated
epithelial cancers. Frontiers in Oncology [Internet]. 2023 Oct 2;13: 1202117. Available from:
https://doi.org/10.3389/fonc.2023.1202117Dutton GR, Lewis CE. The Look AHEAD Trial: Implications for
Lifestyle Intervention in Type 2 Diabetes Mellitus. Prog Cardiovasc Dis [Internet]. 2015 Jul 1 [cited 2023 Jun
13];58(1):69. Available from: /pmc/articles/PMC4501472/

[4] Purwono PB, Romdhoni AC, Rahaju AS, Rahniayu A, Astutik AF, Dewayani A, Rachmadhan HF, Ashari FY, Wiqoyah
N, Purwandari CAA. Expression Level of Latent Membrane Protein 1 Epstein-Barr Virus in Tissue Biopsy Among
Different Clinical Stages of Nasopharyngeal Carcinoma. 2024. d0i:10.21203/rs-3.rs-4955723/v1 Ding PF, Zhang
HS, Wang ], Gao YY, Mao JN, Hang CH, et al. Insulin resistance in ischemic stroke: Mechanisms and therapeutic
approaches. Front Endocrinol (Lausanne). 2022 Dec 15;13: 1092431.

[5] Rajanagara NAS, Albab NCF, Hanifullah NAM, Zahrani NM. Oncogenic role of LMP1 expression in Epstein-Barr
virus associated with nasopharyngeal carcinoma: A literature review. World Journal of Advanced Research and
Reviews [Internet]. 2023 Jan 7;17(1):063-6. Available from: https://doi.org/10.30574 /wjarr.2023.17.1.0874

[6] Koprivica M. Epstein-Barr virus: Causes, consequenses, diagnosis and treatment of Epstein-Barr virus in human.
SANAMED [Internet]. 2024 Jan 1;19(1):87-91. Available from: https://doi.org/10.5937 /sanamed(0-48644

41



[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Magna Scientia Advanced Research and Reviews, 2025, 15(02), 037-043

Murata T. Epstein-Barr virus: the molecular virology and the associated diseases. Fujita Med ]. 2023;9(2):65-72.
doi:10.20407/fmj.2022-0188.

Yu H, Robertson ES. Epstein-Barr Virus history and pathogenesis. Viruses [Internet]. 2023 Mar 9;15(3):714.
Available from: https://doi.org/10.3390/v15030714

De Melo Silva ], De Castro Alves CE, Pontes GS. Epstein-Barr virus: the mastermind of immune chaos. Frontiers in
Immunology [Internet]. 2024 Feb 7; 15:1297994. Available from:
https://doi.org/10.3389/fimmu.2024.1297994

Camargo JF, Singireddy SS, Anderson AD. Possible increased risk of Epstein-Barr virus (EBV) infection and post-
transplant lymphoproliferative disease (PTLD) in letermovir-exposed haematopoietic cell transplantation
recipients. Journal of Antimicrobial Chemotherapy [Internet]. 2025 Sep 23; Available from:
https://doi.org/10.1093 /jac/dkaf348

SuY,XuM, Cao M, LiY, Hu S, Zhou W. Construction of a forest plot prediction model based on Lasso regression
for Epstein-Barr virus associated hemophagocytic lymphohistiocytosis in children. 2025. doi:10.21203 /rs.3.rs-
7536469/v1.

Liu L, Chen Q, Li Y, Wu W, Jiang F, Qiu H. The FOXD1/NAT10 positive feedback loop drives nasopharyngeal
carcinoma  progression. Hereditas [Internet]. 2025 Sep  25;162(1):186. Available from:
https://doi.org/10.1186/s41065-025-00555-9

Hsu S-W, Hsu C-L, Shih H-Y, Chen K-Y, Wang Y-C, Tsai C-W, Hsia T-C, Bau D-T, Chang W-S. Elucidating the genetic
contribution to nasopharyngeal carcinoma risk through matrix metalloproteinase-11 (MMP-11) genotypic
analysis. Anticancer Res. 2025;45(9):17770. doi:10.21873 /anticanres.17770.

Tsao SW, Tsang CM, Lo KW. Epstein-Barr virus infection and nasopharyngeal carcinoma. Philosophical
Transactions of the Royal Society B Biological Sciences [Internet]. 2017 Sep 11;372(1732):20160270. Available
from: https://doi.org/10.1098/rstb.2016.0270

Dawson CW, Port R], Young LS. The role of the EBV-encoded latent membrane proteins LMP1 and LMP2 in the
pathogenesis of nasopharyngeal carcinoma (NPC). Seminars in Cancer Biology [Internet]. 2012 Jan
13;22(2):144-53. Available from: https://doi.org/10.1016/j.semcancer.2012.01.00

Kilger E. Epstein-Barr virus-mediated B-cell proliferation is dependent upon latent membrane protein 1, which
simulates an activated CD40 receptor. The EMBO Journal [Internet]. 1998 Mar 16;17(6):1700-9. Available from:
https://doi.org/10.1093/emboj/17.6.1700

Eliopoulos AG, Young LS. LMP1 structure and signal transduction. Seminars in Cancer Biology [Internet]. 2001
Dec 1;11(6):435-44. Available from: https://doi.org/10.1006/scbi.2001.0410

Ardanianti NNK, Romdhoni NAC, Tambunan NBA. Association of LMP1 expression and cancer stage of
nasopharyngeal carcinoma patients at Dr. Soetomo Regional General Hospital in January 2023 - December 2023.
World Journal of Advanced Research and Reviews [Internet]. 2025 Sep 16;27(3):846-53. Available from:
https://doi.org/10.30574 /wjarr.2025.27.3.3210

Lin R, Qin R, Zhang Y, Guan Y, Wu B, Li S, et al. Combined application of BNLF2b antibody with VCA-IgA, Rta-IgG,
and Zta-IgA in nasopharyngeal carcinoma screening in the Guangxi region. PLoS ONE [Internet]. 2025 Sep
22;20(9): e0332606. Available from: https://doi.org/10.1371 /journal.pone.0332606

Yu Z, Hong S, Yu H, Zhang X, Li Z, Chen P, et al. Efficacy and safety of immune checkpoint inhibitors in the
treatment of recurrent or metastatic nasopharyngeal carcinoma: A systematic review and meta-analysis. Chinese
Medical Journal [Internet]. 2024 Nov 15;138(5):531-9. Available from:
https://doi.org/10.1097/cm9.0000000000003371

Wu Z, Yang H, Xu Y, Ji X, Chen D, Zhang C, et al. KYNU is a potential metabolic-related biomarker for
nasopharyngeal carcinoma by Raman spectroscopy, metabolomics, and transcriptomics analysis. Discover
Oncology [Internet]. 2025 Aug 22;16(1):1595. Available from: https://doi.org/10.1007 /s12672-025-03349-7

Shakerdi AL, Finnegan E, Sheng YY, Pidgeon GP. The multifaceted role of autophagy in nasopharyngeal
carcinoma: translational perspectives on pathogenesis, biomarkers, treatment resistance, and emerging
therapies. Cancers [Internet]. 2025 Aug 5;17(15):2577. Available from:
https://doi.org/10.3390/cancers17152577

42


https://doi.org/10.1186/s41065-025-00555-9
https://doi.org/10.1098/rstb.2016.0270
https://doi.org/10.1016/j.semcancer.2012.01.00
https://doi.org/10.1093/emboj/17.6.1700
https://doi.org/10.1006/scbi.2001.0410
https://doi.org/10.30574/wjarr.2025.27.3.3210
https://doi.org/10.1371/journal.pone.0332606
https://doi.org/10.1097/cm9.0000000000003371
https://doi.org/10.1007/s12672-025-03349-7
https://doi.org/10.3390/cancers17152577

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Magna Scientia Advanced Research and Reviews, 2025, 15(02), 037-043

Luo G, Li S, Liu L, Deng K, Wu P, Li H. Numbers of MRI lymph nodes: robust prognosticator bridging radiology and
risk quantification of distant metastasis in nasopharyngeal carcinoma. Proc Int Soc Magn Reson Med. 2025.
doi:10.58530/2025/1911.

Kim |, Lee Y, Kim S, Park JC. Novel therapeutic development for nasopharyngeal carcinoma. Current Oncology
[Internet]. 2025 Aug 26;32(9):479. Available from: https://doi.org/10.3390/curroncol32090479

Zhang B, Chen Z, Wu Z. The diagnostic and prognostic value of LncRNA FAM3D-AS1 expression in nasopharyngeal
carcinoma and its effect on tumor progression and cisplatin resistance. Hereditas [Internet]. 2025 Aug
26;162(1):171. Available from: https://doi.org/10.1186/s41065-025-00526-0

Cai T. Individualized treatment of nasopharyngeal carcinoma with lung metastasis in an elderly patient: A case
report. Oncology Letters [Internet]. 2025 Aug 19;30(4):1-5. Available from:
https://doi.org/10.3892/0l.2025.15234

Nasir S, Haider G, Jabeen M, Mughis Z, Khan TB, Zahoor S, et al. Epstein Barr Virus positivity and behavioral
patterns in nasopharyngeal cancer patients presenting in Oncology Ward at JPMC, Karachi. Pakistan Journal of
Health Sciences [Internet]. 2024 Dec 31;151-6. Available from: https://doi.org/10.54393/pjhs.v5i12.2072

Washil AF, Ozkan O, Jumaa MG, Al-Hraishawi H. DETECTION OF EPSTEIN-BARR VIRUS (EBV) IN WOMEN WITH
BREAST CANCER IN IRAQ USING IN-SITU HYBRIDIZATION AND IMMUNOHISTOCHEMICAL TECHNIQUES.
SOUTHERN JOURNAL OF SCIENCES [Internet]. 2025 Jun 30;33(39):86-104. Available from:
https://doi.org/10.48141/2764-5959.07.v33.n39.2025_washil_pgs_86_104.pdf

Zhang S, Tang ], Cui P, He W, Lin X, Wang S, et al. Accurate and efficient detection of nasopharyngeal carcinoma
using Multi-Dimensional features of plasma Cell-Free DNA. Head & Neck [Internet]. 2025 Apr 21;47(9):2499-
506. Available from: https://doi.org/10.1002 /hed.28154

Ye D, Zhu ], Zhao Q, Ma W, Xiao Y, Xu G, et al. LMP1 up-regulates calreticulin to induce epithelial-mesenchymal
transition via TGF-B/SMAD3/NRP1 pathway in nasopharyngeal carcinoma cells. Journal of Cancer [Internet].
2019 Dec 13;11(5):1257-69. Available from: https://doi.org/10.7150/jca.37415

Zhao Y, Wang Y, Zeng S, Hu X. LMP1 expression is positively associated with metastasis of nasopharyngeal
carcinoma: evidence from a meta-analysis. Journal of Clinical Pathology [Internet]. 2011 Oct 29;65(1):41-5.
Available from: https://doi.org/10.1136/jclinpath-2011-200198

Zhang Z, Yu X, Zhou Z, Li B, Peng ], Wu X, et al. LMP1-positive extracellular vesicles promote radioresistance in
nasopharyngeal carcinoma cells through P38 MAPK signaling. Cancer Medicine [Internet]. 2019 Aug
22;8(13):6082-94. Available from: https://doi.org/10.1002 /cam4.2506

Hariwiyanto B, Sastrowiyoto S, Mubarika S, Salugu M. LMP1 and LMP2 may be prognostic factors for outcome of
therapy in nasopharyngeal cancers in Indonesia. Asian Pac ] Cancer Prev. 2010;11(3):763-766.

Yoshizaki T, Kondo S, Dochi H, Kobayashi E, Mizokami H, Komura S, et al. Recent advances in assessing the clinical
implications of Epstein-Barr virus infection and their application to the diagnosis and treatment of
nasopharyngeal carcinoma. Microorganisms [Internet]. 2023 Dec 20;12(1):14. Available from:
https://doi.org/10.3390 /microorganisms1201001

43


https://doi.org/10.3390/curroncol32090479
https://doi.org/10.1186/s41065-025-00526-0
https://doi.org/10.3892/ol.2025.15234
https://doi.org/10.54393/pjhs.v5i12.2072
https://doi.org/10.1002/hed.28154
https://doi.org/10.7150/jca.37415
https://doi.org/10.1136/jclinpath-2011-200198
https://doi.org/10.1002/cam4.2506

