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1 Background of oncovirus

» 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}

Group 1agent

Cancers for which there is sufficient evidence in humans

Other sites with limited evidence in h

Ectahliched

mechanistic events

Epstein-Barr virus (EBV)

Hepatitis B virus (HBV)
Hepatitis C virus (HCV)

Kaposi's sarcoma herpes
virus (KSHV)

Human immunodeficiency
virus, type 1 (HIV-1)

Human papillomavirus
type 16 (HPV-16) 1

Human T-cell lymphotrophic
virus, type-1 (HTLV-1)

Helicobacter pylori

Clonorchis sinensis
Opisthorchis viverrini

Schistosoma haematobium

Nasopharyngeal carcinoma, Burkitt's lymphoma, immune-
suppression-related non-Hodgkin lymphoma, extranodal
NK/T-cell lymphoma (nasal type), Hodgkin’s lymphoma

Hepatocellular carcinoma
Hepatocellular carcinoma, non-Hodgkin lymphoma*

Kaposi's sarcoma,* primary effusion lymphoma*

Kaposi's sarcoma, non-Hodgkin lymphoma, Hodgkin’s
lymphoma,* cancer of the cervix,* anus,* conjunctiva*

Carcinoma of the cervix, vulva, vagina, penis, anus, oral
cavity, and oropharynx and tonsil

Adult T-cell leukaemia and lymphoma

Non-cardia gastric carcinoma, low-grade B-cell mucosa-
associated lymphoid tissue (MALT) gastric lymphoma*

Cholangiocarcinoma*
Cholangiocarcinoma

Urinary bladder cancer

*Newly identified link between virus and cancer. tFor other types, see table 2.

Gastric carcinoma,” lympho-epithelioma-like
carcinoma*

Cholangiocarcinoma,* non-Hodgkin lymphoma*
Cholangiocarcinoma*

multicentric Castleman’s disease*

Cancer of the vulva,* vagina,* penis,* non-
melanoma skin cancer,* hepatocellular
carcinoma*®

Cancer of the larynx

Cell proliferation, inhibition of apoptosis, genomic
instability, cell migration

Inflammation, liver cirrhosis, chronic hepatitis
Inflammation, liver cirrhosis, liver fibrosis

Cell proliferation, inhibition of apoptosis, genomic
instability, cell migration

Immunosuppression (indirect action)

Immortalisation, genomic instability, inhibition of
DNA damage response, anti-apoptotic activity

Immortalisation and transformation of T cells

Inflammation, oxidative stress, altered cellular turn-
over and gene expression, methylation, mutation

Inflammation, oxidative stress, cell proliferation

Inflammation, oxidative stress

Table 1: Biological agents assessed by the IARC Monograph Working Group
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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

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

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

» 13 High-Risk/oncogenic types.

» Low-Risk/non-oncogenic types.

{thewellproject.org}
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2.1 HPV-related diseases

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

e Cervical cancer is the 4t most common cancer in women.

the GLOBOCAN 2022
Females
) Incidence Mortality
» Cervical cancer (99.7%);
» Head and neck squamous cell 20:;/ Cranet oter B8
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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.
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HPV genome structure. HPV integration into the host genome.

{Scudellari, Nature, 2013. }
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2.3 HPV carcinogenetic mechanism

Multistep carcinogenesis model of cervical
cancer

1. HPV infection l

 bottle neck?

[Manths—
i decades)

Schematic flowchart of HPV carcinogenesis model of cervical cancer.
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3 Introduction of EBV

* 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.

Rash

EBV

(Epstein-Barr virus)

Delayed

Malignancy
Hodgkin’s lymphoma

Nasopharyngeal carcinoma

The complications of EBV.

FHEF XK E {Damania B, Cell, 2022. }
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3.1 EBV-related diseases

Carcinoma

Nasopharyngeal
Carcinoma
Burkitt Lymphoma

Infections Hodgkin's
Infectious Lymphoma

; B cell Lymphoma . . .
HONORKCISOSIS Gastric Carcinoma «  Infectious mononucleosis and glandular fever in the adolescents.

Epstein
Barr Virus

Human Herpes . . .
Virus 4 Myxmstlalf\n{mg » Lymphoproliferative diseases.
HHV-4 Lymphomas

HIV associated

CNS Lymphomas

Autoimmune Primary Effusion First known oncovirus to cause cancers in human.
Environmental ElasrT‘aBlast;cl:aL f
trigger for Systemic O‘:IpczTi?y( )o

« \arious Systemic Autoimmune disease.

Autoimmune disease

SLE
Rheumatoid Arthritis
Sjogren Syndrome

{http://notesmedicalstudent.blogspot.com}
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3.1.1 EBV-related NPC
o e

Age (years) 0.892

< 60 912 (88.0) 346 566

2 60 124 (12.0) 51 73

— e e « 1036 locoregionally advanced nasopharyngeal carcinoma (LA-
Female 251 (24.2) | 109 142

T NPC) patients were enrolled at the Cancer Center of Sun Yat-sen
WHO II1 977 (94.3) 375 602 . . .

T stage? University in Guangzhou.

T1 42 (4.1) | 20 22

- = e  Patients with stage 111, IVA, or IVB cancer and with high EBV
T4 202 (19.5)| 69 133 . R .

N stage?) copy number in blood (>1500 viral copies/ml) showed poorer
NO 122 (11.8) | 60 62

- b outcomes compared with patients with low levels of EBV viremia.
N3 112 (10.8) | 36 76

Clinical stage®) 0.071

III 762 (73.6) 298 464

IVA-B 274 (26.4) | 98 176

I:’IE:T:::nneme ’ 64 (6.2) | 33 31 .

CCRT 630 (60.8) 248 382

NACT + CCRT 342 (33.0) 115 227
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3.1.2 EBV-related NPC

* Astudy aimed to investigate EBV-oncoprotein LMP1 and L MP2 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.

Table 4. Bivariate Analysis of Protein Expression Toward 24-month Survival Rate

Table 1. Characteristic of Subjects Outcome
Response of Response of p Variable Death n (%) Survive n (%) OR (95 % IK) P
therapy(-) therapy(+) Sex Male 11 (84,6%) 28 (65,1%) 295(0,58 - 15,07) 0,180
Age Female 2 (15,4%) 15 (34,9%)
11-20 2 1 093 Pathologic WHO 111 13 (100,0%) 42 (97,7%) 0,65 (0,06 -7,74) 0,579
o WHO 11 0 1(2,3%)
21-30 2 2 LMP 1 >72 11 (84,6%) 16 (37,2%) 9,28 (1,82 -47,30) 0,003*
31-40 3 2 <72 2 (15.4%) 27 (62,8%)
41-50 11 11 LMP2 >27 10 (76,9%) 17 (39,5%) 5,10(1,22-21,25) 0,018*
51-60 6 5 <27 3 (23,1%) 26 (60,5%)
61-70 4 5 log rank=5,99; p=0,014 log rank=9,88; p=0,002
>70 1 1 10 10
Sex \ =
Male 19 21 0.55
8 High LMP1 and LMP2
Female 9 7 . ® LMP 2 3 Rt
Stage § i o ‘% % " oo
S . Tidakecensoced
111 14 16 0.55 e g —
m— 2 Ya=10
IVA 3 3 2 >=27=10 * Yaensored
IVB 1 9 ? T Ssme ety @
PA 0 2 4 6 8 10 12 14 16 18 20 3 Follow up (month)
WHO I 2 . 030 Follow up (month) Figure 2. Difference in 24-month Survival between
h Figure 1. Difference in 24-month Survival between NPCExpressing LMP1>7.2and LMP2>2.7 Compared
WHO I1I 26 28 LMP2 > 2.7 and LMP2 <2.7 to those Expressing LMP1<7.2 and LMP2<2.7
Therapi
Profocol A 12 8 0.26 {Hariwiyanto B, Asian Pac J Cancer Prev. 2010.} 12

Protocol B 26 20




3.2 EBV genome

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

« EBV isenclosed by a capsid, composed of enzymes and proteins involved in viral replication.

« EBV encodes more than 85 genes and 44 mature miRNAs.

\A/J [ Envelope Protein
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S Viral Genome

Epstein-Barr Virus (EBV)
or Human Herpesvirus 4

EBV genome structure.
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The structure of the EBV genome encoding latent products.
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3.3 EBV carcinogenetic mechanism

DNA
damage

1. Initial
environmental

damage IHIJIH

Normal epithelium

EBV oncoproteins

V'

4. EBV pathways
activation:
-Wnt/B-catenin
-NF-kB

-JNK

-JAK/STAT
-EGFR/MAPK
-PI3K/AKT

. Lol l
2. Inj'ury *.3:\‘ r,r;‘,
requirement for el % :
EBV latency ) #'4’1 0y »‘
establisment 2> 21

EBV
Pre -cancerous lesion

—

.
L)
%255 EBNA1
Anchor protei
Latency |

3. EBV latency an
protein eXpI'QSSIO%

-LMP1: Growth promotion,
apoptosis resistance,
invasion, metastasis
promotion and immune
evasion

-LMP2: Maintainance of
viral  latency, cell
differentiation suppression
and metastasis promotion

-EBER: Growth promotion
and interferon induction

-BART: Maintainance of
viral latency, apoptosis
resistance and immune
evasion

-BARF1: Promotes cell
proliferation and
immunomodulation

EBV proteins in epithelial tumors and functions in cancer progression.
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3.3 EBV carcinogenetic mechanism

Hallmarks Of Sustained Evading
Cancer — proliferative growth

signaling suppressors

Unlocking Nonmutational
phenotypic epigenetic BILF1 BCRF1 BHRF1
plasticity reprogramming BGLF5 BARF1 Zta
BCRF1 BPLF1 Rta
‘ / BNLF2a BLRF2
BARF1 BHRF1 .

BDLF3 BPLF1

cellular Immune
metabolism Q destruction
isti an Enabling
Resisting (9 R
cell death D82 ’-‘ ‘rephcatn{e
Dea immortality

Genome 38 @ Tumor- &~ >
instability R > r;‘romotln'g BLLF3
and mutation B inflammation
BMRF1 BGLF4 /" @) :
BKRFA BGLF5 ;
BGLFS BNRF1 Senescent .

BALF3 Rta

cells Polymorphic

Inducing or microbiomes

accessing : _Activating Core hallmarks of cancer

vasculature : invasion and Enabling characteristics
BILF1 BALF3 / Spigniass Emerging hallmarks
BARF1 Zta \_/" g g,
BALF1 Rta New Enabling factors

Contribution of EBV lytic proteins to hallmarks of cancers.

BRPXARBER
Faculty of Medicine

The Chinesé University of Hong Kong

HErEYXLKREF

The Chinese University of Hong Kong

{Akbari E, J Med Virol, 2023}

Madicine




4 HPV/EBYV 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}

€ Co-infection with other infectious agents as additional risk factors

HPV
l on

-
Cancer P .y
HSV
HIV
CcMV

) ~
B sxrxxe
Eﬂ;{ The Chinese University of Hong Kong
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may reduce the host ability to clear HPV and increase the risk of

HPYV infection-related malignancies.

Epstein—Barr virus etc.
Herpes simplex virus
Human immunodeficiency virus

Cytomegalovirus

{Akbari E, J Med Virol, 2023}



4.1 HPV/EBV co-infection related diseases

« Many studies have explored the prevalence of HPV/EBYV 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.

Table 1. Comparison between HPV and EBV epithelial cell entry.

Biological

Human Papillomavirus Epstein—-Barr Virus References
Process
Direct epithelial contact, apical entr Salivary transmission, apical, basolateral, or basal
Route of entry P : 4 P y Y P [21,33]
(microlesions) entry
Tropism Epithelial cells (mucosal or cutaneous) Epithelial cells (mucosal), B cells, T cells, NK cells [33,34]
Entry mechanism Endocytosis Membrane fusion [35,36]
Receptors Entry receptor complex, HSPGs, integrins EphA2 [24,37]

HSPGs, heparan sulphate proteoglycans; EphA2, ephrin receptor tyrosine kinase A2.

B w2+ xe
, The Chinese University of Hong Kong
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{Blanco, Biology (Basel), 2021}




4.1.1 HPV/EBYV 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.

« HPVI/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.

Table 3. Coinfection of various HPV subtypes with EBV.

Coinfection of HPV Subtypes with EBV

Table 4. Association of advanced* colorectal cancer with HPV, two or more
subtypes of HPV and EBV coinfection. (n = 100).

Odds  95% confidence

HPV Subtypes Cases Variables ratio interval p-value
Single HPV infection + EBV (n=7) Unadjusted (EBV) 105 039-282 92
. HPV16 + EBV 1 Unadjusted (Coinfection of HPV & EBV) 0.99 0.36-2.7 T
Status of Presence and Co-pres.ence of HPV and EBV in HPV18 + EBV 4 Coinfection of HPV & EBV* 0.82 0.28-247 n
Colorectal Cancer Patients from Qatar HPV52 + EBV 2 Unadjusted (Coinfection with two or 1.56 0.38-6.41 53
Double HPV infections + EBV (n = 4) subtypes of HPV & EBV)
HPV18 & HPVS2 + EBV 1 Comfecn:)n with two or subtypes of HFV ~ 1.01 0.22-4.61 A
HPV35 & HPV52 + EBV 1 & EBV
HPV52 & HPV45 + EBV 2 "Adjusted for age, gender, and histological Grade.
B HPV+ Triple HPV infections + EBV (n=1) Table 5. Association of advanced colorectal cancer with a coinfection of HPV
EBV+ HPV18, HPV31 & HPV52 + EBV 1 high-risk subtype as the main predictor and EBV. (n = 100).
T Quadruple HPV infections + EBV (n =3) 95%
Coinfection (HPV+EBV) HPV18, HPV31, HPV45 & HPV52 + EBV 2 Odds  confidence
L Negative HPV35, HPV45, HPV52 & HPV59 + EBV 1 Variables ratio interval p-value
Quintuple HPV infections + EBV (n =2) Unadjusted (HPV as the main predictorand  3.96  1.50-10.47 013
HPV18, HPV31, HPV45, HPV51 & HPV52 + EBV 1 EBV as a confounder)
HPV18, HPV31, HPV4S, HPVS2 & HPVS9 + EBY 1 HPV as the main predictor and EBV as 4.39 1.6-11.98 .004
Table 2. Correlation of EBV and HPV subtypes in colorectal cancer patients from Qatar. confounder®
High-Risk HPV Subtypes “adjusted for Age, Gender, and Histological Grade.
Samples No. of Cases HPV16 HPV18 HPV31 HPV 35 HPV45 HPV51 HPV52 HPV59
EBV (-) 79 3 26 9 3 7 5 29 15 .
EBV (+) 21 1 10 5 2 7 1 12 2 {Fernandes Q, Hum Vaccin Immunother. 2023} 18
Total 100 4 36 14 5 14 6 41 17
p-value 84 21 14 .28 004 .78 .091 3




4.1.2 HPV/EBV co-infection related prostate cancer

Table 6 Comparison of cellular factors levels between the co-infection and mono-infection groups

» This study included 67 patients with PCa and 40 healthy contrg

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

* No significant relationship was observed between PCa and HP}

of HPV genome integration was found in the HPV/EBV-c

» Expression levels of inflammatory factors, anti-apoptotic

higher while tumor-suppressor proteins and E-cadherin sig

Table 1 Comparison of the characteristics of research units between prostate cancer and control groups

Characteristics Prostate Cancer (67) Control (40) P OR (95% Cl)
Age (Year) 527+122 556+99 0.19 095 (0.9-1.02)
HPV positive samples Presence 313% (h=21) 15% (n=6) 0.060 1.84 (0.08-06)
EBV positive samples Presence 493% (n=33) 40% (n=16) 0353 1.06 (0.8-1.39)
Mono HPV-infection 16.4% (11) 7.5% (n=3) 0.289 1.06 (0.26-6.5)
ko-mfec(ion (EBV&HPV) 14.9% (n=10) 7.5% (n = 3) 0314 29(0.18-45.2) I
Mono EBV-infection 343% (n=23) 425% (n=17) 048 058 (0.17-2.6)
Non-EBV and Non-HPV samples 343% (n=23) 425% (n=17) 048 NA
Table 2 The HPV genome physical state in the studied groups
Status PCa group Controls Mono HPV infected | Co-infected| Mono HPV infected  Co-infected
group PCa group PCa group (%) Control group Control group
Fully integrated state (E2/E6=0) 9/20 (45%) 1/5 (20%) 1/11 (9.09%) 8/10 (80%) 0 1/3 (33.33%)
P: 0.86 P: 0.0009 P: NA
Episomal state (E2/E6=1) 2/20 (10%) 1/5 (209%) 2/11 (18.18%) 0 0 1/3 (33.33%)
P: 062 P: NA P: NA
Mixed state (E2/E6 =>0t0< 1) 10720 (50%) 4/5 (80%) 8/11 (72.72%) 2/10 (20%) 3/3 (100%) 1/3 (33.33%)
P:0.74 P:0.003 P: 0.002

NA Not annlicable

Cellular Factors | Co-infected PCa (a)  Co-infected Positive Co-infected PCa Co-infected PCa (a) Co-infected PCa (a)
vs not co-infected  control (c) vs not (a) vs HPV-mono-  vs EBV-mono-infected  and non-HPV/non-
PCa (b) co-infected control (d) infected PCa (e) PCa (f) EBV PCa (g)
NF-kB 2:269+31 ©216+25 2269+31 2269+31 2:269+31
b:178+7.1 d:82+6 €203+72 f: 184+32 9:12+8
P’ (00004) P* (0004) P® (ns) PA (ns) P* (0.0001)
NF-a a255+27 €195£31 2255+27 2255+27 2:255+27
b:152+68 d:106£63 e19+76 f:162+48 Q:102+63
P’ (0.001) P* (ns) P (ns) PA (0.04) P* (00001)
-1 a:184+36 € 183£35 a184x36 a 184136 a184+36 Itage
b:142+44 d:67+42 e161+46 £125+42 G714
- P (ns) P* (0.004) P* (ns) PA (ns) P* (00001)
r\ 1 If\‘FI\
Table 6 Comparison of cellular factors levels between the co-infection and mono-infection groups (Continued)
Cellular Factors Co-infected PCa (a) Co-infected Positive Co-infected PCa Co-infected PCa (a) Co-infected PCa (a)
vs not co-infected control (c) vs not (a) vs HPV- vs EBV- infected and non-HPV/non-
PCa (b) co-infected control (d) infected PCa (e) PCa (f) EBV PCa (g)
Bcl-2 a:141+£12 c154+13 a141+12 al141+12 al41+12
b:88+3 d:5+26 e 135+1 f:8+21 g:72+19
P’ (0.005) P* (0.0004) P* (ns) PA (0.005) P* (0.001)
(CD44 a:106+54 c93+15 a106+54 a:106+54 a:106+54
b:72+48 d:35+17 e:37+14 f. 108+44 g:39+2
P’ (ns) P* (ns) P® (0.03) PA (ns) P* (0.01)
TWIST a268+67 c23+2 a:268+6.7 a:268+6.7 a:268+6.7
b: 68+ 10.1 d:46+49 e:256+99 f:25+13 g:23+14
P’ (< 0.0001) P* (0.009) P* (ns) PA (< 0.0001) P* (< 0.0001)
E-cad a:27+06 c26+05 a:27+06 a:27+06 a:27+06
b:151+£7.7 d: 146+ 46 e:45+3 f:18+58 Qg:168+69
P* (<0,0001) P* (0007) P (ns) PA (<0.0001) P (< 0.0001)
N-cad a:259+68 c253+73 a:259+68 a:259+68 a:259+68
b:76+98 d:38+55 e:256+97 f.34+18 g:34+25
P’ (0.001) P* (002) P* (ns) PA (0.0004) P* (0.0003)
PTPN13 2.62+76 c2+1 262+76 a62+76 a62+76
b:105+53 d:141+58 e:36+36 f:127+47 g:125+4
P (ns) P* (0002) P* (ns) PA (0.03) P* (003)
SLUG a35+16 c32+14 a35+16 a35+16 a:35+16
b:18+18 d:096+28 e43+11 f.09+14 [cREIR
P (ns) P* (ns) P* (ns) PA (0.004) P* (001)

ic Mean +

dard Deviation, *: compari

between group a versus group b, +: comparison between group ¢ versus group d, $: comparison between
‘group e versus group f, A: $: comparison between group g versus group h, FDR correction for multiple comparisons by Benjamini-Hochberg method



4.1.3 HPV/EBV co-infection related head and neck cancer

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

« HPVsand 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.

Table 4 Correlation of clinicopathological characteristics

Table 2 Prevalence of high-risk HPV types in relation to EBV status in HNSCC cohort (n=98) with EBV/HPV positivity

Samples No. of cases High-risk HPV types Stages HPV +/EBV % (%) HPV +/EBV + (%) p-value
16 18 31 33 35 45 51 52 58 pT.l 16 29) 2(36) p=0035*

EBV (+) 68 10 31 8 0 0 20 7 10 27 pT2 14 (25.4) 5(9)

EBV (—) 30 1 24 1 0 3 7 2 4 20 T3 4 (7 2) 5 (9)

Total 98 21 55 9 0 3 27 9 14 47 P :

p-value 003* 0003** 034 N/A N/A 0.04* 085 089 002* pr4 4(7.2) 509

Significant p-values are denoted by asterisk (*) Total 38 (69) 17 (30.9)

*Significant p-values

3 S p--3 P X KRR .
o tongkong Facuity of Medicine {Al-Thawadi H, Cancer Cell Int. 2020}




4.2 Potential carcinogenetic mechanism of EBV/HPV

HPY () m

Progression Progression Invasion

N 7N

®
e . L8
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4.2 Potential carcinogenetic mechanism of EBV/HPV
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4.2.1 HPV promotes EBV entry, latency and lytic cycle activation.

"\ .S“N \ Fusion with plasma :, 5‘}\)
o - rlnembrane N
EBV . ‘N
AL F =idgcrionle e CD21 is responsible for EBV attachment and entry, CD21 expression
GYTORLASH l (> ) :1‘:‘; level is higher in EBV/HPV+ cases compared to HPV/EBV- ones.

)

* Inaddition to CD21, the Ephrin receptor A2 -the epithelial EBV
receptor, and C3d- another complement component binds to EBV in
[ 3 the cervix, is overexpressed in HPV-related cervical neoplasia (CN)
N compared to normal cervical tissue.
o
NUCLEUS ' |+ HPVinfection and its E6 and E7 oncogenes may play roles in the
Lat Lyti .
s replication 5"5\} S establishment of latent EBV infection and reduction of EBV
)y - ~3
A % O S oS b replication by changing gene expression in EBV.
P EBNA1 Z/R L J
C T SS
77 {'}
EBV episomes Viral genomes

EBV viral entry.
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4.2.2 HPV/EBV mediates immune modulation, genome instability and cell proliferation.
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5 Prevention and therapy

« 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/EBYV coinfection: early screen of biomarkers, e.g. EBV latency proteins LMPland LMP2, HPV E6 and
E7 mRNA transcripts.

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

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

» Monoclonal antibodies, targeting HPV E6 and E7 and EBV oncoproteins LMP1, LMP2, EBNA1, EBNAZ2.

gy HRFTILXF
. The Chinese University of Hong Kong

gﬂ%ﬂ Facu.tyof.\,.ed.c,,,e {Wei CJ, Sci Transl Med. 2022.}




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 HPVV/EBYV 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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Table 1| Key functions of human papillomavirus proteins

Protein
E1

E2

E8NE2

E17E4

ES

B9 #2vxxe

The Chinese University of Hong Kong

Function and characteristics
Origin-binding DNA helicase ™"’
Site-specific DNA-binding protein*'*'*

Dimeric DNA-binding protein that binds E2-binding sites in
viral DNA™

Interacts with and loads the E1 DNA helicase onto the
replication origin'

Tethers viral DNA to the host chromatin**’

Site-specific DNA-binding protein that binds E2-binding sites
inviral DNA™

Interacts with cellular transcriptional repressor factors™
Highly expressed late protein™

Induces G2 cell cycle arrest'*

Disrupts and reorganizes keratin filaments**
Hydrophobic membrane proteins™

Four types™’

Encoded only by Alphapapillomaviruses

Role in infection

Initiates viral DNA replication and recruits

cellular replication machinery******

Regulates viral transcription'*'
Supports viral DNA replication”!

Partitions viral genomes to daughter
cells'”

Represses viral transcription and
replication to maintain low-level
persistent infection™

Promotes viral genome amplification™
Causes fragility in keratinocyte squames
to promote viral egress™

Reduces immune detection”

Promotes cell proliferation and
productive stages of infection®

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

E7 Binds and inactivates Rb protein (pRb) and related pocket Promotes cell proliferation and viral DNA
proteins to promote cell cycle entry” amplification in differentiating cells*
Degrades pRb (high-risk HPVs only)* Decouples response to

Induces DNA damage response signalling in differentiated oncogene-indiiced senescence:

cells'”’ Promotes genome amplification™
Abrogates the innate immune response ™ Reduces immune detection™

E6 In Alphapapillomaviruses: Prevents growth arrest and apoptosis™
Inhibits p53 function™'* Decouples response to

Binds E6-associated protein E3 ubiquitin ligase'** oncogene-induced senescence™

Degrades p53 (high-risk HPVs only)™**

Degrades PDZ domain-containing proteins involved in cell
polarity (high-risk HPVs only)***

Modulates cell polarity to promote viral
genome replication and maintenance™

Activates telomerase (high-risk HPVs only)**

In Betapapillomaviruses: Prevents replicative senescence™
Inhibits p53 function'® Abrogates immune signalling™
Inhibits DNA damage response ' Prevents growth arrest and apoptosis
Binds MAMLL to inhibit NOTCH signalling®** intesponse to UV radiation™

63,65

Inhibits keratinocyte differentiation’
Abrogates immune signalling™

L1 Capsid protein that self-assembles into capsids consisting of 360  Major capsid protein®’
L1 proteins™

L2 Between 12 and 72 L2 proteins per capsid* Minor capsid protein'*!
Traffics viral genome into nucleus, associates with host Viral genome chaperone"’

chromosomes and PML nuclear bodies in early infection™

Packages viral genome into capsids at late stages of infection'”

TablelB. Key functions of HPV proteins.
{McBride, Nat Rev Microbiol, 2022. }
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Supplement 2: HPV HR/LR

Group HPV types Comments

Alpha HPV types

1 16 Most potent HPV type, known to cause cancer at several sites

1 18, 31, 33, 35, 39, 45, 51, 52,56, 58,59  Sufficient evidence for cervical cancer

2A 68 Limited evidence in humans and strong mechanistic evidence for cervical cancer

2B 26,53, 66, 67,70,73, 82 Limited evidence in humans for cervical cancer

2B 30, 34, 69, 85, 97 Classified by phylogenetic analogy to HPV types with sufficient or limited evidence in
humans

3 6,11

Beta HPV types

2B Sand 8 Limited evidence for skin cancer in patients with epidermodysplasia verruciformis

3 Other beta and gamma types

Table 2: Human papillomavirus (HPV) types assessed by the IARC Monograph Working Group
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