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Lung, liver, stomach and bowel the most
common causes of cancer death worldwide
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Lung Cancer

Lung cancer is the leading cause of cancer death
worldwide
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Epstein-Barr Virus Infection in Lung Cancer: Insights and Perspectives

2 and

“Tobacco smoke ..... environmental factors
such as arsenic, radon or asbestos ....
Additionally, the involvement of some viral
infections such as high-risk human
papillomaviruses (HR-HPVs), Merkel cell
polyomavirus (MCPyV), Jaagsiekte Sheep
Lung cancer (LC) Is the leading cause of cancer death worldwide. Tobacco smoke i the most Retrovirus (JSRV), John Cunningham Virus

frequent risk factor etiologically associated with LC, although exposiires to other environmental . . ”

factory such as arsenic, radon or asbestos are zlso Involved Additionally. the Involvement of some (JCV), and EpStEIﬂ-Barr VIrus (EBV)

viral infections such as high-risk human papillomaviruses (HR-HPVy), Merkel cell polyomaviru

(MCPYV), laassiektle Sheep Retrovirus [ISRV), John Cunningham Virus (JCV), and E pstein Barr virus

(EBYV) has been suggested In LC, though an etiological relationship has not yet been established

ERV Is a ublquitous gamma herpesvirus causing persistent infections and some lymphoid and

epithelial tumors. Since EBV |s heterogeneously detected In LCs from different parts of the world

In this review we address the epidemiological and experimental evidence of a potential role of EBV

Considering this evidence, we propose mechanisms potentially involved In ERY-associated lung
arcinogenesis. Additional studies are warranted to dissect the role of EBV In this very frequent

malignancy

Source: Osorio JC, Blanco R, Corvaldan AH, Mufioz JP, Calaf GM, Aguayo F. Epstein-Barr Virus Infection in Lung Cancer: Insights and
Perspectives. Pathogens. 2022 Jan 21;11(2):132.
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Lung Cancer

Viral oncogenes in EBV can activate various tumour-
associated pathways

- . Table 1. EBV gene expression in different types of latency.
B viruses Y Thmotes  oWGmm  Gnplaofiy Ameded Gnon

0 EBERI, EBER2, RPMSI, viral miRNAs Memory B cells in EBV(+) individuals
Revies ) . ) ) " EBER1, EBER2, RPMS1, viral miRNAs, Burkitt's lyrnphomia
Pathogenic Role of Epstein-Barr Virus in Lung Cancers and EBNA1 i
11 EBER1, EBER2, REM51, Vital miRNAs; Nasopharyngeal carcinoma Lung cancer
David Becnel ', Ramey Abdelghani ', Avuka Nanbo *0, Janardhan Avilala *, Jacob Kaha *, L Li ¢ EBNAL1, LMP1, LMP2A, and LMP2B SRS &
and Ihen Lin ** EBER1, EBER2, RPMS], viral miRNAs,
EBNA1, EBNA2, EBNA3A, EBNA3B, :
gt of Madidna, Talais Usivensly Dot Setvos Crsts Mo O, LA OS2, U4 i EBNA3C, EBNA-LP, LMP1, LMP2A, AlS-assoctaved Trmphioma
Bowc vt SO barw b (TVB | 1abotgdiiiadion sby (K A and LMP2B
Nt B ( roter b B C smmd smd P wms € Inton Tarms [ipmnaens \agid | | r
b ame . Nagmebi V0 AT L mtee®magretl w

[ngutmant of Pt v ant |

@ sermhalear ey v g Accumulating evidence has shown that both viral latency and lytic cycle are required
A L T S APINS A P T T S — for EBV pathogenesis. There are approximately 100 open reading frames encoded by the
nengsmevihgan gyl ; EBV genome. Among them, some latent genes such as EBV-encoded nuclear antigen 1
(EBNA1) [21], EBV-encoded nuclear antigen 2 (EBNA2), EBV-encoded nuclear antigen
Abutact: | human oregemi s nmecs soconst bes of lemet 13 of WAa Conot Cioers woiidnde [pnton 3C (EBNA3C), and latent membrane protein 1 (LMP1) have been shown to mediate viral
T v TR M et e e s i s e e SRS oncogenesis in cell and/or animal models. These viral oncogene products can activate
evidonce have supporind ¢ Comsal ek Detwworn NV Sulortion and 4 sadgnonp of hing caers (LCx) various tumor-associated pathways such as Notch and nuclear factor-kB (NF-kB) signalings.
I thie artiche, e seviow the carment undendanding of Se TBV-LC aockation snd the eticlogical In addition to well-characterized viral protein-coding genes, EBV has been shown to utilize
e of B3V 00 hang cancinagmintn. Wo sluo discum thy cliniond npact of the hunindgs pattnd fum viral non-coding RNAs (ncRNAs) such as microRNAs (miRNAs), long non-coding RNAs
JOEIND SIS CHST) S LrNin (HRPui 1 . SEps Worin BS NPN S i (IncRNAs), small non-coding EBV-encoded RNAs (EBERs), as well as recently identified

R | T T T CERR———

s ) N o sl Cmorr-arkitend deihy somaally. Over the past 30 yumrs, ncrmsing Brees of

EBV-LC amonisthom, Ownr bs s wrgres suwd b harfPus inveviigation on Bas foge

wedares circular RNA (circRNA) to facilitate its life cycle and oncogenesis [22-30].
Chs B . . Keywarde nomamall orfl hung comonr: NSCLC sesall ool dang canoer: SCLL. Fpstomy- Baer »
“Both viral latency and the lytic cycle are
‘ - o ; ‘.l’:l‘(“.-l'r:'l‘h (LCs) are the number ome Miller ammong cancers in the LS and estinated reqUirEd for E BV pathogeneSis"

10 Comse mooe than 131,000 dewthe in 2021 (1] With mose than 200000 anrmasl cases in th

US. LCs have romnained 28 the second st common cancets i both sem and wormen for

Source: Kheir F, Zhao M, Strong MJ, Yu Y, Nanbo A, Flemington EK, Morris GF, Reiss K, Li L, Lin Z. Detection of Epstein-Barr Virus
Infection in Non-Small Cell Lung Cancer. Cancers (Basel). 2019 May 31;11(6):759.; Becnel D, Abdelghani R, Nanbo A, Avilala J, Kahn J, Li
L, Lin Z. Pathogenic Role of Epstein-Barr Virus in Lung Cancers. Viruses. 2021 May 11;13(5):877.
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Lung Cancer

Chlamydia pneumoniae is significantly related to the
risk of lung carcinoma

T C R TRANSLATIONAL CANCER RESEARCH
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Original Article | ap—

Association between Chlamydia pneumoniae infection and lung cancer: a meta-analysis

Chunxi Wang, Naxin Zhang, Liang Gao

Department of Respiration, Tiangn Key Laboratory of Extracomporeal Life Support for Critical Diseases, Artificial Cell Enginesnng T

R Cante Tt Wit of Hepatobley Disease, Ths Thi et Hoitalof T, Targin 300171, China “Results showed that C. pneumoniae

Contrnusans. (1) Concepion sna design Al uthars. (1) Adminsirate support N Znang, (1) Provision of suey maenzs o o2 INF@CEION Was significantly related to the

Znang; (IV) Cottection and assembly of data: C Wang. N Zhang, (V) Data analysis and interpeetation: All authors; (V1) Manuscript risk of Iung Ca rCiI'IOma, W|th a 3.19_f0|d

s e 4| INCreased risk compared to a negative
o titre (95% Cl, 1.96-5.19) for IgA and 2.02

times (95% Cl, 1.29-3.16) for 1gG”

authors; (VI) Final approval of manuscopt: All authors

Background: The aim of this study Is to explore the comsiation between Chiamyafa preumonias {C. pneumnonias) infection and lung

CArcnoma

Methods: Databases of PubMed, Embase, Embase, Ovid, Wanfang and China National Knowledge Infrastruciure (CNKI) database were

iteratures from their establishments 1 February, 2019, Includéd stuses were selected according 1o specific eligitaity

oiteria. Statistical anatysis was performed by RevMan 5.3 software

Source: Wang C, Zhang N, Gao L. Association between Chlamydia pneumoniae infection and lung cancer: a meta-analysis. Transl Cancer Res.
2019 Dec;8(8):2813-2819.
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Chlamydia pneumoniae: "Elevated antibody titers

Lung Cancer

associated with significantly increased risk"

Cancer Epidemiology,
Biomarkers & Prevention

Hame About Artcles For Authors Alerts

Chlamydia pneumoniae Infection and Risk for Lung Cancer

AN X haturvedt Chanofte A Gaydos, Panoa Agreda. JefMey

OO 10 1510859948 P08

MO

1261 Published June 2010

Abstract

Bachground: Wi svaluxied ihe relatomnhip of Chmydn Dreumonaes sfeciion wilh prospecive

UNG CANCES FIBK USING INBANICNAI 200K Mankers [microenmunciourescence (MIF) IgG and IgA

artbodes] ang Chamydia heat shock proten-60 (CHSFES0) arttodes, i Imarker for Choonik
chiamydial infection
Methods: Vie CONCUCIED & Nesled Case-cony ot sudy (593 lung Cancers and 671 conbiots ) within

e screenng am of the Prostate Lung, Colorectal and Ovanan Cancer Screening Tal (N

T7 864 Controts were matched 1O Cases Dy 808 S rANGOMUEZation year, folow.up e and

SMOMINY (DACKyears Of SMONIng. ime snce Quiling ) We assessod C ONBumOoras Beropositivily

anvd ondpoint antibody them 09G and IgA agains! © poeuwmonae eemontary bodes and Igh

ajarnl CHEP.ED)

ResUNs! O OAeumoniae 28r0posinly Dy microimmunofourescence 190G of 1A antibogies was not

SO0 with ung cancer [odos ramo of O B8 ang S5% confdence imerval (S8% Clof 0 651 1)

fot 196G, ooy ratio of O 80 and 5% CHO0 751 27 100 igA) In contrast indivcuas ssoponitive X
1SP-60 PG 3NBOGEs Rad SigNECantly PCraased Lng cancer Ne (000s e, 1 30 5% CI
1 0241 67), and rak nceensed with Increasing antibody ers (7 trend = 0 006) CHSP-E0-1eliied

rek did nal difter signiScantly By lung cancer Pesinlogy, foflowop e o smoking CHE=.50

e

Nie@an Chattenee  James ) Goedert. Nell £ Capor

Q View this article with LENS

“CHSP-60 seropositivity and elevated
antibody titers were associated with
significantly increased risk for
subsequent lung cancer, supporting an
etiologic role for C. pneumoniae
infection in lung carcinogenesis.”

“Our results highlight the
potential for lung cancer risk
reduction through treatments
targeted toward C. pneumoniae
infections and chronic pulmonary
inflammation.”

-,

Source: https://aacrjournals.org/cebp/article/19/6/1498/68420/Chlamydia-pneumoniae-Infection-and-Risk-for-Lung
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Lung Cancer

Thirteen studies with 2,553 lung carcinoma

cases and 2,460 controls

Infectious Agents and Cancer
S D I . ... I

Chlamydia pneumoniae infections and development of
lung cancer: systematic review

17

1108 1

Abstract

Background

Chlampdia panewmoniae is an oblignte intracellular pathogen and is a common cause of

relationship with some chronic diseases such as chronic obstructive pulmonary disease
asthma, and atherosclerotic cardiovascular diseases. In this review, we aim to find out the

ocintion between C. poeumoniae infection and lung cancer

Methods

Tt & soudosevssabio wos iy sows £ sus ssscasstsnge senlntocns nesel obs Boow woliovesonnsonnt ool Jonnase

“One mechanism is through
mediators of inflammation.
Inflammation gives rise to
reactive oxygen species that may
cause damage to DNA.
Inflammation causes cell injury,
resulting in consequent cell
repair, increasing the rate of cell
division ... higher cell turnover
will increase the risk of a
mutation, conferring a selective
advantage to cells, leading to
cancer.”

Source: Premachandra NM, Jayaweera JAAS. Chlamydia pneumoniae infections and development of lung cancer: systematic review. Infect

Agent Cancer. 2022 Mar 22;17(1):11.

o
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Lung Cancer

Mycoplasma infection in lung cancer was 52.6%

in this study

World Journal of
Gastroenterology

wJ

Fablel Mycoplauma infection in difforent grades of gastric carcinoma

Infection of mycoplasmd

Positive
Grades of Totul number of Negative cases Total positive  Ratio of positive
differentiation cases cases () cases (%9)
) (*%)

- MO P 1110
e e e ' X
Y 1
Mycoplasma infections and different human carcinomas ' L ! <
amd
Lable 3 Mycoplasma (nfection In different grades of colon carcinoma
» - » ¥ L]
Infection of mycoplasma
Thm aricee s teee e oy A
Positive
Cirades of Total number of Negative Cases Total positive  Ratio of positive
Abstract differentiation Cases ases () Canes )
* "
AIM: To exploge relatiomahips between buunan carcinomas and wycoplasmns lafection
METHODS: Monocional satibody PD4, which specifically recognizes & distinct protein from
anycoplauma bvorhunn, was ined 1o detect aavcoplasna mfection in diflerent paraflin esubedded carcanona
ves with immmoohistochemistry. PCR was applied to amplify the mycoplasins DNA from the positive
ampies for conlumung immunobustochenutry
RESULTS: Fifty of 90 cases ( 56%) of gastric carcinotss were positive for tmyvoplasas byorhinis. In other
J ; X § Mycoplasas infection in other carcinoma Hssues
gadtne disenses, the nrycoplasina infection ratio was 25% (15 49) i chronse superficial gastntis, 30%,
(14°46) w gastne wicer and 37% (15.99) w utestinal metapliasia. The difference s sagnificant with gastne [nfexthon of oy oplesme
cances { 206, P < 0.0%) 1a coloa carcitnoma, the mycoplasss infection tatio was S5 1% (320 5S8) but
» Positive
was 20.9% (107 49) ia adepomarous polyp (7 = 1346, F < 0.005) Gastric and colon cancers with bugh Types of Total mumber of  Negalive cases anen Total positive Ratio of positive
. .
differentiation had » higher unvcoplasums wmfection ratio thas those with low differentiation (# < 0.05) rrrim e (e * P {o+) - o
= - = — )

“There was high correlation between
mycoplasma infection and different
cancers, which suggests the possibility of
an association between the two.”

T >

>
arminlabs
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Lung Cancer

Mycoplasma pneumoniae infection induces reactive oxygen
species and DNA damage, especially to the mitochondria

é . |Infection and M. pnet{monlae mfec'Flon induced
= oo | Immunity changes |r1 the e?(preSS|on of cellular .
proteins, in particular a group of proteins
HOME | CURRENT ISSUE | ARCHIVE | ALERTS | ABOUT ASM | CONTACT US| TECH SUPPORT|J involved in the oxidative stress response
dehydrogenase, NADH dehydrogenase
Mycoplasma pneumoniae Infection Induces = (ubiguinone) Fe-S protein 2, and
Reactive Oxygen Species and DNA Damage in A549 ubiquinol-cytochrome c reductase
Human Lung Carcinoma Cells” complex core protein | mitochondrial

Gongping Sunl, Xuefeng Xu2, Yingshuo Wang2, Xiaoyun Shenl, Zhimin Chen2-* precursor ... It was further shown that M.
and Jun Yang1-3:4-* pneumoniae infection also induced DNA
double-strand breaks, as demonstrated
by the formation of H2AX foci. On the

Author Affiliations

ABSTRACT v other hand, an ROS scavenger, N-
Mycoplasma prneumoniae is a frequent cause of community-acquired bacterial acetylcysteine, COU|d |nh|b|t the ROS
respiratory infections in children and adults. In the present study, using a .

proteomic approach, we studied the effects of M. preumoniae infection on the generatlon L

protein expression profile of A549 human lung carcinema cells. M. pneumoniae
infection induced changes in the expression of cellular proteins, in particular a
group of proteins involved in the oxidative stress response, such as glucose-6-
phosphate 1-dehydrogenase, NADH dehydrogenase (ubigquinone) Fe-S protein 2,
and ubiquinol-cytochrome creductase complex core protein | mitochondrial
precursor. The oxidative status of M. pneumoniae-infected cells was evaluated,

This document is intellectual property of Armin Schwarzbach MD PhD.
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Lung Cancer

Connections between lung cancer and SARS-CoV-2 now
being investigated: vulnerability already detected

Log in at IASLC  Submit Log in Register Subscribe
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Lung Cancer and Severe Acute Respiratory Syndrome Coronavirus 2

Infection: Identifying Important Knowledge Gaps for Investigation

Christian Rolfo, PhD. MD. MBA_ Drve « Noy Meshutami. BSc « Alsssandro Russo, MD, PhD

Paul A Bunn Jr. MD, PhD + John D. Minna, MD, PhD « Fred R Hirsch, MD, PhD, FASCO

DOI: it 4 0/10.10184 fho.2021.11.001

Abstract
Patients with lung cancer are especally vuinerable o
ronavirus disease 2019 (COVID-19) with a greater thar
avenioid hagher rate of becoming infecied with severa acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) COVID-19, a

yeater than threefold higher hospitalization rate with high

mphication rales. and an estimated case fataity rate of more

RS P 20 vy wrace A $56- 00640 1 NLIOK- 8 et pageiody than A ™

1 reasons for the incragesd vulnaraly iy are not

Source: Rolfo C et al. Lung Cancer and Severe Acute Respiratory Syndrome Coronavirus 2 Infection: Identifying Important Knowledge Gaps
for Investigation. J Thorac Oncol. 2022 Feb;17(2):214-227.
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Tailored testing protocol for the possibility of
infection-associated lung cancer

arminlabs

» Lung cancer:

1. Chlamydia pneumoniae EliSpot +
lgG/IgA antibodies

2. Mycoplasma pneumoniae EliSpot +
lgG/IgA antibodies

3. EBV EliSpot

This document is intellectual property of Armin Schwarzbach MD PhD.
Reproduction only with permission. Please note the copyright.
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Colorectal

A number of bacteria implicated in the development
of colorectal cancer

Jownd of Concer 2013, Vol 4 7

| X

' o7ournal of Cancer
N0 40 2700 dew OIS0 W

Hevww

Significance of Infectious Agents in Colorectal Cancer “Several bacteria have been
Development identified and implicated in

Viado Antoru Alesander Seosadinovic 0, Kent K Kester' 7, Peter | Wedna®', Bt LM Bracher*”
Miadgan Protic ' Irhak Avital**, Mina Leadgon ' 204 = ‘ the development Of CRC-
i Wonand ) R

MEY USA

nypam etbenla

These include:
g R Streptococcus bovis,
¥ e RO Helicobacter pylori, E. coli,
i TR - s s Klebsiella pneumoniae, and

s more recently,

At i I et R I RANA A Fusobacterium.”

Abstract

Colorsctat cancer (TRC) i 2 magor burden to halthcare systeom woridwide sccowntmg for ap
prowmately one mitkon of new o Caves worldwide Even though. CRC mortaliny has de
cremed over the lxst 20 yuars, @ remars the third most comman cause of cancerrelsted mor
tabey, accounting for appeowimataly 600 000 destha m 2008 worldwide. A mulntude of risk aczors
have beon lnked 10 CRC, mciuding harodeary faczars, anviroamencyl factors and flamautory
wodromed sffectng the gastromsstinal tract. Recently, vaniows pathogens ware added 10 the
growwg hat of risk faciors for & mamber of common apsthelsl Cancers. bt denpan the multitude of
Corrulative studen, Omly MEEeALONS feman Shout the posBle relLONND Detween lacted
viruses and bacreris of masrest and the CAC risk. Usitod States military service member are
eapoead 1o vancons ek GOy Impacting the inodence of cancer dewelog These exposures
are often diflerens from that of many sectors of the owilan populanion. Thereby, cancer ek
At CADON, Screening and sarty detathon are wgeraive for HOEh the miitary health care ben

Source: Antonic V, Stojadinovic A, Kester KE, Weina PJ, Brlicher BL, Protic M, Avital |, 1zadjoo M. Significance of infectious agents
in colorectal cancer development. J Cancer. 2013;4(3):227-40.
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Colorectal

as well as several viruses: EBV, HPV, CMV and JCV

Molecular -3 rEes
Oncology ie!
REVIEW
.
Viruses in colorectal cancer
Luigi Marongiu and Heike Aligayer
Deymrtrraes of Expurvreniy Swugery - Cancer Metpstass, Modes Facity Masvtustr, Rugeechl Karls Unneruty of Hageberg Marrtar Ty
Keywords Incressing evadence sugpests thatl microongmaans might represent ol kst hughly
COIGFRCIS! DInOSt, MRS (hagen mieresting cofacions m colorectal cancer (CRC) oncogencus and progression
— Sull. assocuted mechansms, specifically i colonocyies and their microenviron-
¢ mental interactions, are still poorly understood. Although. curvently, ut leust
M. Alysve — seven viruses are being recognized as human carcmogens, only three of these
Surgery rrbe Epsiain - Barr virus (EBV), human papilicanavirus (HPV) and John Cunnangham
Meacal Facuty, Ruprecht Sans Universey viris (JOV) - have been deseribod, with varving leveds of evidence. in CRC. In
jotver. Ludoll-Crehk-Sur. 13-17 addivion, cytomegalovirus (CMV) has been assocuted with CRC in some publi-
Marvihem, ( o cations, albeit not being o fully acknowdedged oocovine, Moreover, recent

Fas. 40

microboune studies st incressing grounds o new hypotheses on hacteniophages

Tal: ~48 021 3= N Ty T

as interesting addiional modudators in CRC carcmogenesss and progressaon. The
present Review sumumanzes how particulur groups of viruses, including hacterio-
phages, affect cells and the cellular and mucrobin] mecroenvironment, thereby
putatively contributing 1o foster CRC. This could be achieved, for example, by

Emal mese slgayer @recne um

hedettey O

Feceivnd 28 May 2021

0TV, scompind 10 promoting several processes -~ such as DNA damuge, clwomosomsal instability,
availatie orine 30 Sepanmber 202 or molecular aspects of cell proliferntion, CRC progresaon and metastasis - not

. necossarily by direct infection of epathelaal oclls only, but also by mderaction with
do 10 10031 B78-0081 110 =t 2 2

the microcavironment of infected colls. In this context, there are striking common
features of EBV, OMV, HPV and JCV that ure able (0 promote onoogenasis, in
terms of establishing latent infections and fecting p33- pRb<dnven, epsthebial
meseochymal  tranetion (EMT) EGFRamociated  and  especally Wt i
catenun-driven pathwaye. We speculate that, at least in part, such viral impacts
on particulsr pathways might be reflocted in lasting (c.g mutationsl or further
penomic) fmgerprmts of viruses in cells. Also, the complex interplay between sev-

-y "

“EBV and HPV, together with
cytomegalovirus (CMV or
human herpesvirus type 5)
and John Cunningham virus
(JCV), have been consistently
reported to be

prevalent in CRC.”

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8978519/pdf/MOL2-16-1423.pdf
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Cytomegalovirus detected in 42.3% of colorectal
tumor specimens in this 2012 study

Human cytomegalovirus preferentially infects the
neoplastic epithelium of colorectal cancer: a
quantitative and histological analysis

Colorectal

Affations + expand 163 specimens: “HCMV DNA was

PAN: 22585308 00 detected in 42.3% (69/163) of the tumor
Abstract specimens”

Background: i1 has long been sugoested that human Ctomega s (HOMVY) meght be ved

Study design: § j d T =

Reasults: By PCR. HOMV DNA was detected in 42.3% (69/163) of the turr ipecimens, whie only 5.6%

Source: Chen HP, Jiang JK, Chen CY, Chou TY, Chen YC, Chang YT, et al. Human cytomegalovirus preferentially infects the neoplastic epithelium of colorectal cancer:
a quantitative and histological analysis. Journal of clinical virology : the official publication of the Pan American Society for Clinical Virology. 2012;54(3):240-4.

. This document is intellectual property of Armin Schwarzbach MD PhD.
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Tailored testing protocol for the possibility of
infection-associated colorectal cancer

» Colorectal cancer:
1. H. pylori IgG/IgA
2. EBV EliSpot

3. CMV EliSpot

’? This document is intellectual property of Armin Schwarzbach MD PhD.
armin | q b S Reproduction only with permission. Please note the copyright.

Colorectal

19




Selection

What cancers have infections been associated with?

Part 2:
» Lung
» Colorectal
» Gastric
» Oesophageal
» Cervical

» Liver

’\?—“ This document is intellectual property of Armin Schwarzbach MD PhD.
armin | a b S Reproduction only with permission. Please note the copyright.

20




Gastric

Gastric cancer and H pylori/Epstein Barr Virus

& trontiers “In the past decades, Helicobacter
pylori and Epstein Barr

virus infections have been
identified and confirmed to be
causal factors of gastric cancer.”

@

EBV-Positive Gastric Cancer: Current
Knowledge and Future Perspectives

Keran Sun', Kegl Ja®, Mafing Lv ', Sai-QF Wang ', Yan W', Hugun Lei’
and Xaobing Chen""

e Bt s e T e e “EBV-positive gastric cancer often occurs in the
ol indisriphimeaaiiagopiiaeng i i proximal stomach (cardia and gastric body),
e et oy e o i b e e | Wihere it forms lumps or ulcers that are
Svoich A (e e ackon o100 Nark ks Wik s ... | accompanied by lymphocyte infiltration.
o e o o e cnce oo, e o oo | Another noteworthy feature of EBV-positive

gastric cancer is the ease of invasion into the
submucosa, with a low rate of lymph node
metastasis.”

Source: 1. https://pubmed.ncbi.nlm.nih.qov/25186851/; 2. https://www.ncbi.nlm.nih.qov/pmc/articles/PMC7769310/pdf/fonc-10-583463.pdf;
Selgrad M et al. (2008) The role of viral and bacterial pathogens in gastrointestinal cancer. J Cell Physiol 216, 378—-388; Costa N, Gil da Costa R &
Medeiros R (2018) A viral map of gastrointestinal cancers. Life Sci 199, 188—-200.
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EBV is the causal agent of a

carcinomas

¥ Gl Dbl M PMarts

JOOLES 298 O

Epstein-Barr virus and gastric carcinoma

K Takadla

Abstract

The Epstein-Barr virus (EBV) is dotected
in the thsaue of about 10% of gastric carci-
noma cases throughout the world. In each
cuse, 1000 of carcinoma cells are infected
with EBY, Analysis of EBY in carcinomas
biopsies  indicstes thit  carcinoma s
formed by the proliferation of a single
HBY infected cell, These findings suggest
that EBY plays an important role in the
development of EBY  positive gastric
carcinomas, The EXV genes expressed are
EBY  determined nuclenr antigen |
(HHNAL), twa small non-polyadenylated
RNAx known as EBER! and EBER2, and
the tramscripts from the BamHI-A region
(HARFU); in sdditon, some cuses also
express & small wmount of latent mem-
brane protein 2A (LMPIA). Epithelial
cells are refractory to EBY infection in
vitro. This has hampered the study of the
role of EBV in epithelial malignancies,
The use of recombinant EBV carrying »
selectable marker has enabled this difhi-
culty 10 be overcome. LBV lnfected cell
clones can be obtained from most
carcinoma cell lines examined, and it
was found that cell 1w cell contact wos
an efficiemt mode of ERBY lafection.
Purthermore, It was possible to lmmor-
talise primary gastric epithelinl cells
by EDV infection. The cells expressed
identical EBV genes to those typlcally seen
In HBV posidve gostric carcinoma, and
showed accelerated mulignunt properties,
including growth in soft agarose and
tumorigenicity in severe combined
Immunodeficient (SCID) mice. These re-

carcinomes, and the woekdwide occurrence of
EBV positive gastnic carcinoma is estimated ot
more than 50 000 cases‘year

Unlike B cells, epitholial cells have dmplayed
o remarkable ressstance to EBV infecton in
vitro. This has hampered the stisdy of the rale
of BBV in the development of epithelial malig
pancies, Therefore, we havwe established a
wwylemn lor the mfection of epithelial ceils
vitro, which has sllosved us to study the rode of
EBV m the development of epithelial malig
nancies. Here, [ teview the [Herature concern
ing the swoclaton of EBV and gestric
carcimoma, snd mirodoce our recent findings
obmined using our system for the nfecton of
epithelial colis

Epidemiology

Mot nasopharyngeal carcanomas are undiffer
entiated and accompanied by intense lymphoid
infilttution (termed lymphoepithelloma). Car-
cinomus with o smilar hstologcal profils
oocur at # low incidence in oogans woch m the
sabivary glands, thymus, Jungs, e, mamly n
Chinese and Inums, These carcinomas are
termed Iymphoepithelioma-like carcinomas or
carcinomnas with lymphoid stroma, and most
cases are HBY positive” The  sssociation
borween BBV and gestric corcinoma was fire
reported @ this partcular type of gaatric
carcinoma. BBV DNA was demomstrated 0
mure than 80 of gastric carcinomnm of the
Iymphoeputhelioma rype by PCR and ISH
Subseguently, Shibate and Wets demonstrsied
EBV infecton in gatric adenocarcmomans of
ordinary hastodogy (fig | They reported that
ERV is peesent in abmost Al carcinoms cells in

Gastric

subset of gastric

“The Epstein-Barr virus (EBV)

is detected in the tissue of about
10% of gastric carcinoma cases
throughout the world. In each
case, 100% of carcinoma cells are
infected with EBV. Analysis of
EBV in carcinoma biopsies
indicates that carcinoma is
formed by the proliferation of a
single EBV infected cell.”

Source: Tokunaga, M.; Land, C.E.; Uemura, Y.; Tokudome, T.; Tanaka, S.; Sato, E. Epstein-Barr virus in gastric carcinoma. Am. J. Pathol.
1993, 143, 1250-1254; Osorio JC, Blanco R, Corvalan AH, Mufioz JP, Calaf GM, Aguayo F. Epstein-Barr Virus Infection in Lung Cancer:
Insights and Perspectives. Pathogens. 2022 Jan 21;11(2):132.
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Gastric

Tailored testing protocol for the possibility of
infection-associated gastric cancer

» Gastric cancer:
1. H. pylori IgG/IgA
2. EBV EliSpot

This document is intellectual property of Armin Schwarzbach MD PhD.
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Mycoplasma infection in oesophageal cancer

was 50.9% in this study

g8l World Journal of
Gastroenterology

wJ

2000 Agw 25 T X%

D) orire 2001 Agy 5 o

Mycoplasma infections and different human carcinomas

) Huang Y ’ Moy and i "

This Amcie s 2een (0 e o 9 WA

Abstract
AIM: To exploge relationahips between buunan carcanomas and wrycoplasms (afection

METHODS: Monocloual aatibody PD4, which spocifically recognines » distinct protein
arycoplauma byvorhuni, was wed 1o detect aavvoplasma mfection in different paraffin e
tissves with immmunohistochenustry. PCR was applied to amplify the mycoplasns DNA {

samples for confumung immunohistochenutry

RESULTS: Fifty of 90 cases ( 56%) of gastric carcanotisn were positive for imycoplasasa |

\

pastne diseases, the myycoplasins infection ratio was 25% (18.349) in chronse superficial g

(14°46) w: pastne wicer and 37% (15.99) w utestinal metaplasia. The difference s sagnifi

1206, 2 < 0.0%). s coloa carcisoma, the mycoplasms infection tatio was &

1346 P

differentiation had » higher anvcoplaums wfection ratio thas those with low differentiatio

Candes ) =

was 20.9% (107 49) in adenomarous polyp (7 0.005) Gastric and colon can

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4723534/

™D
arminlabs

narn wuat 01 10w JlCTendon coion CarcimnoInd ussucs
(Table 3, P<0.05).

In the 49 cases of adenomarous polyp, there were
10 cases with mycoplasma infection. The positive ratio
was 20.4%. The difference between the infection ratio
of colon carcinoma and that of adenomarous polyp was
significant ()* = 13.46, P<0.005).

Table 3 Mycoplasma infection in different grades of colon
carcinoma

Infection of mycoplasma

Grades of Total number Negative Positive cases Total positive  Ratio of

differentiation  of cases  cases(-) ———————— cases positive (%)
(+) (++)

L 42 15 15 12 27 64

-1 8 5 2 1 3 37

m 8 6 2 0 2 30

Total 58 26 19 13 32 55 (mean)

Mycoplasma infection in other carcinoma tissues
Beside the gastriointestinal carcinomas, other cancer
tissues from human esophagus, lung, breast and brain
were also analyzed (Table 4).

Table 4 Mycoplasma infection in other carcinoma tissues

Infection of mycoplasma

Oesophageal

A-l

Figure 1 Immunoperoxidase stainings of different carcinoma
tissues reacted with monoclonal antibody PD4 (x 400). Both A
and B were gastric carcinomas. A (singnet-ring cell carcinoma)
was negative, B (adenocarcinoma) was positive. C (glioma)
indicated the negative reaction, D (glioma), E (lung cancer), F

Types of Total number Negative Positive cases Total positive Ratio of
carcinoma ofcases  cases() ———————— cases positive (%) (esophagus cancer), G (breast cancer) and H (colon cancer)
+) +4) presented the positive reactions with antibody PD4.
Esophagus 53 2% 21 6 27 B 1 2 3 4 X6 1
Lung 59 28 23 8 31 25
Breast 63 38 17 8 25 397
Glioma 91 53 27 11 38 410
Total 266 145 88 33 121 455 S00bp —
Some immunoperoxidase stainings of different 5

. e : ; 3 200bp —

carcinomaare showninFigure 1. The low differential gastric 100bp —

cancer (ring cell cancer) was negative reacted with PD4

This document is intellectual property of Armin Schwarzbach MD PhD.
Reproduction only with permission. Please note the copyright.

25


https://www.ncbi.nlm.nih.gov/pubmed/16432867
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4723534/

Tailored testing protocol for the possibility of
infection-associated oesophageal cancer

» Oesophageal cancer:

1. Mycoplasma pneumoniae Elispot
and 1gG/IgA antibodies

2. H. pylorilgG/IgA

’? This document is intellectual property of Armin Schwarzbach MD PhD.
armin | a b S Reproduction only with permission. Please note the copyright.
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Chlamydia trachomatis is associated with

Cervical

a greater risk of invasive cervical cancer

I | C Internatonal Journal of Cancer

Epidemiology 3 Free Access

Chlamydia trachomatis and invasive cervical cancer: A pooled
analysis of the IARC multicentric case-control study

=

jenniter S_. Smith, Cristina Bosetti, Nubia Munoz

Chris J.LM, Meijer, Adriaan J.C. van den Brule, Siivia Franceschigd, Rosanna W. Peeling
123 April 2004 | https://doi.org/10.1002/)c.20257 ted by:118
Read the full text » Y A e
Abstract

To determine whether Chlamydia trachomatis infection is consistently associated with an
increased risk of invasive cervical carcinoma (ICC) after accounting for the strong effect of
human papillomavirus (HPV) infection, a case-control study of 1,238 cases of ICC and

1,100 control women from 7 countries was carried out (hospital-based studies in
Thailand, the Philippines, Morocco, Peru, Brazil and population-based studies in

Colombia and Spain, all coordinated by the International Agency for Research on Cancer,

Lyon, France). C. trochomatis serum antibody detection was made by means of a
microfluorescence assay. Among HPV DNA-positive cases and controls, the risk of

squamous cell ICC was elevated in C. trachomatis seropositive women (OR = 1.8; 95% Cl =

Source:_https://onlinelibrary.wiley.com/doi/abs/10.1002/ijc.20257

) This document is intellectual property of Armin Schwarzbach MD PhD.
a rm | n I a b S Reproduction only with permission. Please note the copyright.

Rolando Herrero, F. Xawier Bosch, Jose Eluf-Neto

“This study, based on data from 1,238
case and 1,100 control participantsin 7
countries worldwide, shows that

C. trachomatis serum antibodies were
associated with a 1.8-fold increased risk
of squamous cell invasive cervical
cancer.”
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Several independent studies suggest that HSV-2
infections correlate with a higher than normal
incidence of cervical cancer, and with HPV

:-‘_-'~,~“¢_-_ ; I\\J‘l\ri;\\w\“ul ':u ER INSTITUTE

CID PRICTYT2873 13T More Content » Submit « Purchase Alerts About »

Cervical cancer: is herpes simplex virus type Il a3 cofactor? JOUNNAL ARTICLE
Herpes Simplex Virus-2 as a Human Papillomavirus
'-'-.-"-'.'-" Cofactor in the Etiology of Invasive Cervical Cancer
— "
Article Contents 1006-3013 .
nm ease. The major risk factors are Published: (6 November JOO2 Article history »
,'_ ¢ of _.,A 2 — PDF B8 SpleView 66 Cite A Permissions e Share ¢
ca ) nf| uerpaunplavlnuwpe‘
W”]ummntdmmﬂybysmdmmndmhsb«nmnhardaar& ) Abstract
factor Several independent nndmmgmthausv n-d«tsmsmmhr-mbahtg!mthu
mu; lnodenadmﬂmczr rast, other epidemiologi udies huve concluded that Backgrovent Hurman popilionsavirues CHPV) infection s the main cause of
afection with HSY not 3 major risk Betor Two separate transforming domains have beer S invasive cervical cancer, but cofactors may act in conjunction with HPY, We
4 the HS) sed al pene expressic performed 4 pooled analysia of seven case - controd studles to examine the
,_ DN eliect of one possible HIV colactar, herpes sitngies virus-2 (HSV-2) Infection
“” 1 H V.12 o the etiology of Invasive ceevical cancer, Methods: Blood and extollated
HSV InfeCtlons Iead to S':-;: ;.. t:.. f‘ 27 _."-f' al ‘ll“ an!-',-.--:]v btained from 1203 .yuui‘\'r:vnv?. with :‘\L :X\ P CPTVICA
unscheduled cellular DNA [/ =
o Western blot analysls and/or an eayiie-linked Inumnunosorbent assay were
synthesis, chromosomal
° o . o“ LR
amplifications, and Among the HPV DNA-positive women, HSV-
. ” 9na..Q q q
mutations. 2 seroposn!wty was associated with . )
increased risks of squamous-cell carcinoma.
@ This document is intellectual property of Armin Schwarzbach MD PhD. 29
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Tailored testing protocol for the possibility of
infection-associated cervical cancer

» Cervical cancer:

1. Chlamydia trachomatis EliSpot and
lgG/IgA antibodies

2. HSV /2 EliSpot and IgG/IgA
antibodies

’? This document is intellectual property of Armin Schwarzbach MD PhD.
armin | a b S Reproduction only with permission. Please note the copyright.

30



Selection

What cancers have infections been associated with?

Part 2:
» Lung
» Colorectal
» Gastric
» Oesophageal
» Cervical

» Liver

’\?—“ This document is intellectual property of Armin Schwarzbach MD PhD.
armin | a b S Reproduction only with permission. Please note the copyright.

31




Liver

More than half of the world’s cases of liver cancer
are due to viral liver infections

OOK

Hepatitis B and the liver cancer

endgame “Hepatitis B virus causes cancer by
Ootudieg ot Gaghepant BrimAibadg oot bl e s integrating its DNA into human cells.
o Delving further, his group found that
v f = the viral break-ins led to chromosome

rearrangements, wiping out genes
that suppress tumours and allowing
cancer cells to proliferate.”

Source: https://www.nature.com/articles/d41586-022-00821-0?proof=t

) This document is intellectual property of Armin Schwarzbach MD PhD.
a rm | n | a b S Reproduction only with permission. Please note the copyright.
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Liver

Most common risk factor for liver cancer is chronic
infections with hepatitis B or C

HEPATITIS B o T

FOUNDATION

Oen

What Is Prevention & eatment & gsources &

Hepatitis B? Diagnosis anagerment Support

Liver Cancer Connect Risk Factors

What Is a Risk Factor?

Newly Diagnosed

< j iyt ]t I } i ) inee | ] ch a RN el
What is Liver Cancer?
Na rent ri { It K { 10T Iwa | Iy [ [ y Y
© Risk Factors everal risk factors but never develop cancer, while other people who have no known tisk factors do deve
It |
Chronic Viral Hepatitis ! F 1 el Jreq 1 CH
Family History af Liver Cancer Knowing your risk factorg and discussing them with your health care pf for may help you make more inform
I e n | ) | | I

What Are the Risk Factors for Liver Cancer?

Haavy Alcohol Uise
The most commen rigk factor for iver cancer globally 18 chronie infection with the hepatitis B virus. Individuats
chronically infected with hepatitis B have a 25% 10 40% lifetims risk of daveloping liver cancet

Allatoxins and Environmental

e e Led St e fecton it 1= et O ?ndjviduals chronically infected with
e  all liver cancer worldwide hepatitis B have a 25% to 40% lifetime risk of
developing liver cancer.”

Source: https://www.cancer.org/cancer/liver-cancer/causes-risks-prevention/risk-factors.html; https://www.hepb.org/research-and-
programs/liver/risk-factors-for-liver-cancer/#:~:text=The%20most%20common%20risk%20factor,risk%200f%20developing%20liver%20cancer.
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Liver

Over half of cases of liver cancer - the 3" leading cause of
cancer deaths globally — are due to viral liver infections

nature \

COMMUNICATIONS

ARTICLE N —
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Aberrant integration of Hepatitis B virus DNA
promotes major restructuring of human
hepatocellular carcinoma genome architecture

423

Eva G. Alvarez® '#, Jonas Demeulemeester Paula Otero <4, Clemency Jolly™*

Daniel Garcia-Souto < Ana Pequeio-Valtierra', Jorge Zamora', Marta Tojo”, Javier Temes

Adrian Baez-Ortega® Bernardo Rodriguez-Martin@ '#, Ana Oitaben@ ', Alicia L Bruzos

Monica Martinez-Femandez', Kerstin Haase ® ~, Sonia Zumalave ® '*, Rosanna Abal’,
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Sandra Rodriguez-Perales® “V, Urtzi Garaigorta® ' Peter ). Campbell® ' ! Hidewaki Nakagawa'®?*

Peter Van Loo® ¥4 & Jose M. C. Tubio

(ER L

Worldwide, the most common risk
factor for liver cancer is chronic (long-
term) infection with hepatitis B virus
(HBV) or hepatitis C virus (HCV).

In the US, infection with hepatitis C is
the more common cause of
hepatocellular carcinoma, while in
Asia and developing countries,
hepatitis B is more common.

"Tubio’s ... group found that
the viral break-ins led to
chromosome rearrangements,
wiping out genes that suppress
tumours and allowing cancer
cells to proliferate.”

Source: https://www.nature.com/articles/d41586-022-00821-0; Alvarez EG, Tubio JMC et al. Aberrant integration of Hepatitis B virus DNA promotes
major restructuring of human hepatocellular carcinoma genome architecture. Nat Commun. 2021 Nov 25;12(1):6910;
https://pubmed.ncbi.nlm.nih.gov/34824211/; https://www.cancer.org/cancer/liver-cancer/causes-risks-prevention/risk-factors.html;

https://www.hepb.org/research-and-programs/liver/risk-factors-for-liver-cancer/#:~:text=The%20most%20common%20risk%20factor,risk

%200f%20developing%20liver%20cancer.
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Liver

Campylobacter also an association: 38% of patients had
liver cancer in a study of 183 patients with C. bacteremia

Campyiobacter jejuni Bacteremia in a Liver Cirrhosis Patient and Review of Literature

A Case Study

s 138 Do e 3 o Ny
r ) X | ' Pl abdon pa arrt

Occasiona 1 ' Mlie IMIUNOCOL nised patients 1

OIT A Kn H e ™ 1 2 of ag 1 h L}
| " | | it had lever and arrh ptor ! ied
W treatment with L ated In the bl culture alfter 11
days. In addition, § t A { bacteremia in A t were
eviewed wit! I 1 i t

Factors Associated with Fatal Outcome @

Campylobacter Bacteremia: Clinical Features and

k4
Published: 15 Septs er 2 Article history »
POF B8 SphtVie o Cte P Permisvons of Share v
Abstract
Bockground Campyiobucter bactsretnla ts uncomumon. The influence of
nderiving condityons a f antibiot 201 infest .
ot known
Metheds. From laneary 2000 through December 2004, 183 episoe
Campylebocter becteremia de { pies Fra
™ IV \ ATx 184! et
| f et ( DT 5§ S5 We -
t o~ font fart ral aut -

“The main underlying
conditions were liver
disease (39%) and cancer
(38%).”

Source: https://www.nchi.nlm.nih.gov/pmc/articles/PMC5620392/; https://academic.oup.com/cid/article/47/6/790/325735
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Liver

Enteroviruses also associated with liver cancer

National Library of Medicine

National Cander far Bigtechnalogy informatian

—
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1col Letl 2010 Fed: 17(2); 2485-2480 PMCID: PMCE350163
Published online 2018 Det 24. dok 10.4892/01.2015 9608 PMID: 30719117 TTUANAL ARTIERS
Hepatic damage caused by coxsackievirus B3 is
Expression of coxsackie and adenovirus receptor is correlated with inferior prognosis "vi:':i dependent on age-related tissue tropisms
in liver cancer patients associated with the coxsackievirus-adenovirus
T Tpe—— 2 - +ozhou Mou. ¥ and Shibina Wa receptor @
Loy 1 leti oL Ml-Min Wan Fun Chen, Chun Keur ) 1Ny haouns Liv
anmsati Articie notes opyright an onse Indormation clarmet July 2012 Authar Mot
Pathegens and Owease, Yalume G8, bssue 2, July 2008, Pages 5260
. . . Article © | AotonL/ 10,8111 /2040 632X 11044
The coxsackievirus-adenovirus receptor (CAR) riicle Contents Rt
Datrnct
is “expressed more in more in liver than in B G e T ey Vs
other tissues ... These findings indicate that Moterily and mechor
CAR plays an important role in the initiation (e
. . . . rarusilng Coxsackloviras B CVI and enterovins 75 (EV71) are limportant cavses of
of CVB infections and is closely associated severs sniteravical diseases In neonates ar young chiklren in Talwan, CVI can
th h tot . d f ikt otiese L abiaall contse ulminant hepatitly, myocarditss or mendngoencepbaliths. This study was
Wi epa (o) roplsm an age_speCI IC Nelwences dealgned to explore the role of coxsackivinus - adenovirus receptor (CARY i the
SUSCEpti bi I ity”. pathogenesis of CVI3- Infected hopatocytes via in wiro and mice stodies, CVIY

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6350183/; https://academic.oup.com/femspd/article/68/2/52/2398850
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Viral infection history can be used to detect

hepatocellular cancer (HCC)
|

Cell

A Viral Exposure Signature Defines Early Onset of

Hepatocellular Carcinoma
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In Brief
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history, obtained using human blood
samples and VirScan analysis of antivire
antibodiea, can be used to detect
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pationts prior to clinkoal cancer
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Source: https://www.cell.com/cell/pdf/S0092-8674(20)30671-1.pdf
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Tailored testing protocol for the possibility of
infection-associated liver cancer

» Liver cancer:

1. Hepatitis B

2. Hepatitis C

3. Camphylobacter

4, Coxsackie A/B IgG/lgA antibodies

’? This document is intellectual property of Armin Schwarzbach MD PhD.
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Tailored testing protocols
available for all the types of
cancer mentioned

Please request from
AONM (0333 121
0305)
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Test panels
in different
cancers

# Lung cancer

Chlamydia pneumoniae Elispot & 1gG/iga antibodies
Mycoplasma pneumoniae Elispot & lgG/flgh antibodies
Epstein Barr Virus ELiSpot

» Desophageal cancer

Mycoplasma pneumoniae Elispot & IgCflga antibodies

# Gastric cancer
H. pylori laG/lgA antibodies
Epstein Barr Virus EliSpot

# Colereckal cancer
H. pylori 1aG/lgA antibodies
Epstein Barr Virus EliSpot
Cytomegalovirus Elispot

# Cervical cancer
Chlamydia pneumoniae EliSpot & IgG/lgA antibodies
Herpes Simplex Virus (HZV) 1/2 ELSpot & 1gG/lgA anbibodies

# Liver cancer
Hepatitiz B antibodies
Hepatitiz C antibodies
Camphylobacter IgG/igA antibodies
Coxsackie A & B lgC/Igh antibodies
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Further presentations on the links between pathogens

and cancer available from AONM

Tick-borne diseases and viruses in
cancer and unexplained syndromes

Armin Schwarzbach PhD

AONM Conference May 2017
Medical doctor and
Spedcialist for laboratory medicine

Augsburg
>
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See https://aonm.org/cancer-webinar-

series/
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Infectious Pathogens and Cancer:
The Emerging Evidence

Armin Schwarzbach MD PhD

AONM Conference March 2018

Medical doctor and
Specialist for laboratory medicine
Augsburg, Germany
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Breast

Professor Sapi gave us incredible insights into the possible
links between Borrelia and breast cancer

https://aonm.org/view-past-webinars/
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Thank you very much for your attention!

s ASNM

)
armin | d b S ACADEMY o NUTRITIONAL MEDICINE

For tests, please go to

www.aonm.org
https://aonm.org/arminlabs

or call the AONM helpline
on 0333 121 0305
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