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1 Background of oncovirus

3

• 15.4% of cancers are attributable to infections. 9.9% are linked to viruses. {WHO} 

• 11 pathogens have been classified as carcinogenic agents (Group 1) in humans. {IARC}

{Hu M, Front Microbiol. 2024}

{Bouvard, V., Lancet Oncol. 2009}
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1.1 Mechanism of cancer progression by oncoviruses

• Viral infection can lead to uncontrolled cell proliferation and transformation. 

• Genetic instability, cell phenotypic modifications, and microenvironmental tuning.  
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2 Introduction of HPV and EBV

5

• Human papillomaviruses (HPVs) belong to the family of Papillomaviridae. 

• HPVs infect the skin and mucosa, are the most common sexually transmitted viruses.

• Most HPV infections are benign, persistent infection with HR-HPV may cause cancer. 

{Martinelli M, Int J Environ Res Public Health, 2019.} 

{McBride, Nat Rev Microbiol, 2022. }

{umiamihealth.org}
{thewellproject.org}

➢ 13 High-Risk/oncogenic types. 

➢ Low-Risk/non-oncogenic types. 
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2.1 HPV-related diseases

➢ Cervical cancer (99.7%); 

➢ Head and neck squamous cell 

carcinomas (60%); 

➢ Anal cancer (93%); 

➢ Vulvar cancer (69%); 

➢ Vaginal cancer (75%); 

➢ Penile cancers (47%). 

6
{Bray F, CA Cancer J Clin. 2024}

{Hausen, Virology, 2009. } 

Distribution of incidence and mortality for the top10 

most common cancers in 2022 for females.

4th, 350k. 

4th, 660k. 

• Persistent HR-HPV infection is strongly associated with several types of cancer. 

• Cervical cancer is the 4th most common cancer in women. 
the GLOBOCAN 2022
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HPV genome structure. 

URR

HPV integration into the host genome.

2.2 HPV genome

• Circular double-stranded DNA genomes, approximately 8 kb in size. 

• Core proteins: genome replication (E1 and E2), assembly (L1 and L2). 

• Accessory proteins (E4, E5, E6, and E7) vary in expression time and functional properties. 

• HPV-DNA can integrate into host chromosomes. 

7
{Scudellari, Nature, 2013. }

{Blanco, Biology (Basel), 2021}
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2.3 HPV carcinogenetic mechanism
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Schematic flowchart of HPV carcinogenesis model of cervical cancer. 

{Narisawa-Saito M,. Cancer Sci. 2007. }
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• Epstein-Barr virus (EBV), also known as human herpesvirus 4 (HHV-4). 

• First discovered in 1964, causing lymphoma and epithelial carcinoma, including nasopharyngeal 

carcinoma (NPC), gastric cancer and breast cancer. 

• EBV infects over 95% of the world’s population, establishes life-long latent infection in B lymphocytes. 

{Damania B, Cell, 2022. }

{Ebrahimi. F, Frontiers in Virology, 2024} 

3 Introduction of HPV and EBV

The complications of EBV.
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3.1 EBV-related diseases

• Infectious mononucleosis and glandular fever in the adolescents. 

• Various Systemic Autoimmune disease. 

• Lymphoproliferative diseases. 

• First known oncovirus to cause cancers in human. 

{http://notesmedicalstudent.blogspot.com}
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• 1036 locoregionally advanced nasopharyngeal carcinoma (LA-

NPC) patients were enrolled at the Cancer Center of Sun Yat-sen 

University in Guangzhou. 

• Patients with stage III, IVA, or IVB cancer and with high EBV 

copy number in blood (>1500 viral copies/ml) showed poorer 

outcomes compared with patients with low levels of EBV viremia. 

3.1.1 EBV-related NPC

{Jin YN, J Cancer. 2017. }
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3.1.2 EBV-related NPC

{Hariwiyanto B, Asian Pac J Cancer Prev. 2010.}

• A study aimed to investigate EBV-oncoprotein LMP1 and LMP2 expression in relation to therapy outcome and 

24-months survival in a series of Indonesian NPC patients (56 NPC patients). 

• High LMP expression was associated with poor outcome. 
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3.2 EBV genome

EBV genome structure. 

The structure of the EBV genome encoding latent products.

{Osorio JC, Pathogens. 2022. } 

• EBV contains a linear double-stranded linear DNA genome, approximately 172k bp. 

• EBV is enclosed by a capsid, composed of enzymes and proteins involved in viral replication. 

• EBV encodes more than 85 genes and 44 mature miRNAs. 
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3.3 EBV carcinogenetic mechanism

14

EBV proteins in epithelial tumors and functions in cancer progression.

{Osorio JC, Pathogens. 2022. } 
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3.3 EBV carcinogenetic mechanism
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Contribution of EBV lytic proteins to hallmarks of cancers.

{Akbari E, J Med Virol, 2023} 
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4 HPV/EBV co-infection

• Most HPV infections resolve spontaneously by the immune system. 

• The risk of developing cancer in HR‐HPVs infection is low. (e.g., only 10% of HPV +ve 

women will develop cervical cancer. ) {cdc.gov/cancer/hpv}

16

◆ Co‐infection with other infectious agents as additional risk factors 

may reduce the host ability to clear HPV and increase the risk of 

HPV infection‐related malignancies.

◆                                                              etc.

HPV

Cancer
EBV Epstein–Barr virus

HSV Herpes simplex virus

HIV Human immunodeficiency virus

CMV Cytomegalovirus 

{Akbari E, J Med Virol, 2023} 
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4.1 HPV/EBV co-infection related diseases

• Many studies have explored the prevalence of HPV/EBV and the association between HPV/EBV 

co-infection and clinicopathological characteristics or cancer progression. 

• 3 cohort studies regard colorectal cancer, prostate cancer, head and neck cancer.

• Insights into EBV/HPV co-infection as a contributing factor in cancers. 

{Blanco, Biology (Basel), 2021}
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4.1.1 HPV/EBV co-infection related colorectal cancer

• 100 formalin-fixed paraffin-embedded (FFPE) tissue samples diagnosed during 2018~2021 in Qatar were included.

• This study revealed a 17% co-infection rate of HPVs and EBV in CRC cases and a significant correlation only 

between HPV45 and EBV. 

• HPV/EBV co-infection didn’t significantly associate with clinicopathological characteristics, However, a coinfection 

of two or more HR-HPVs is a powerful predictor, and EBV infection confounds this association resulting in 4.39 

higher odds of developing CRC compared to individuals without this coinfection. 

{Fernandes Q, Hum Vaccin Immunother. 2023} 
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• This study included 67 patients with PCa and 40 healthy controls during 2018 to 2020 in Iran. The EBV/HPV 

coinfection was 14.9% in patients and 7.5% in controls. 

• No significant relationship was observed between PCa and HPV/EBV coinfection. However, the highest percentage 

of HPV genome integration was found in the HPV/EBV-coinfected PCa group.

• Expression levels of inflammatory factors, anti-apoptotic mediators, and anti-anoikis factors were significantly 

higher while tumor-suppressor proteins and E-cadherin significantly lower in the HPV/EBV-coinfected PCa group. 

19

4.1.2 HPV/EBV co-infection related prostate cancer

{Nahand, BMC Cancer. 2021.} 
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4.1.3 HPV/EBV co-infection related head and neck cancer

• This study included 98 HNSCC FFPE tissues from Bosnian patients. 

• HPVs and EBV are co-present in (34/98) 34.7% of the oral and larynx SCC samples. 

• 37.5% of oral SCCs are both HPV +ve and EBV +ve, with significant association between HR-HPVs and EBV. 

• This data revealed that the co-presence of HPV and EBV is significantly correlated with advanced tumor stage. 

{Al-Thawadi H, Cancer Cell Int. 2020}
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4.2 Potential carcinogenetic mechanism of EBV/HPV

A model of carcinogenesis induced by high risk (HR)-HPV/EBV coinfection in the uterine cervix.

{Blanco R,. Pathogens. 2020. }
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4.2 Potential carcinogenetic mechanism of EBV/HPV

A hypothetical model of HR‐HPVs/EBV cooperation for the development of cancer. 

{Akbari E, J Med Virol, 2023} 
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4.2.1 HPV promotes EBV entry, latency and lytic cycle activation. 

EBV viral entry. 

{Damania B, Cell, 2022. }

• CD21 is responsible for EBV attachment and entry, CD21 expression 

level is higher in EBV/HPV+ cases compared to HPV/EBV- ones.

• In addition to CD21, the Ephrin receptor A2 -the epithelial EBV 

receptor, and C3d- another complement component binds to EBV in 

the cervix, is overexpressed in HPV‐related cervical neoplasia (CN) 

compared to normal cervical tissue.

• HPV infection and its E6 and E7 oncogenes may play roles in the 

establishment of latent EBV infection and reduction of EBV 

replication by changing gene expression in EBV. 
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4.2.2 HPV/EBV mediates immune modulation, genome instability and cell proliferation. 

24

EBV modulation of the infected cell.

{Damania B, Cell, 2022. }
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• Vaccines. For HPV: the 9-valent vaccine Gardasil 9® ; For EBV: a self-assembled nanoparticle vaccine contains 

4 viral glycoproteins gp350/gH/gL/gp42 (in non-human primate pre-clinical study). 

• For HPV/EBV coinfection: early screen of biomarkers, e.g. EBV latency proteins LMP1and LMP2, HPV E6 and 

E7 mRNA transcripts. 

• For EBV therapy: ex vivo EBV-specific cytotoxic T-cells immune therapy. 

• For HPV and HPV/EBV therapy: immune checkpoint inhibitors, e.g., PD-1 inhibitors. 

• Monoclonal antibodies, targeting HPV E6 and E7 and EBV oncoproteins LMP1, LMP2, EBNA1, EBNA2. 

25

5 Prevention and therapy

{Wei CJ, Sci Transl Med. 2022.} 
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6 Summary

1. HR-HPV infection is associated with cervical cancer etc. EBV can cause lymphoma, carcinoma etc. 

2. More evidences should be investigated into HPV/EBV co-infection as a contributing factor in cancers for the 

reason of limitations of cohort studies’ sample size, region etc. 

3. The synergistic carcinogenetic mechanism of EBV/HPV co-infection regards promotion of viral entry, immune 

suppression and evasion, genetic instability of viral oncogenes integration, activation of cellular proliferation 

and transformation pathways etc. 

4. Latest prevention and therapy of EBV/HPV co-infection regards viral vaccines, early screen of biomarkers, 

immune therapy etc. 
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Supplement 1: HPV proteins
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Table1A. Key functions of HPV proteins. 

{McBride, Nat Rev Microbiol, 2022. }
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Supplement 1: HPV proteins
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Table1B. Key functions of HPV proteins. 

{McBride, Nat Rev Microbiol, 2022. }
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Supplement 2: HPV HR/LR
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