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AUTOIMMUNITY
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An estimated

24 MILLION AMERICANS

suffer from one or more of over

80 AUIOIMMUNE DISEASES

...all we really need is

1 CURE.
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Autoimmune Diseases
Association
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: Triggers [

Symptoms

Hormones

Viruses

UV-light

Drugs

\

Pre-clinical SLE/ Clinical SLE
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{ Genetic susceptibility

Organ damage
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“At last, a book that helps people make sense of multiple mystifying symptoms, and
offers a road map to proper diagnosis and the most effective treatments . . . a brilliant
empowerment manual” —Richard Shames, M.D.. and Karilee Shames, Ph.D, RN, HNC,
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LIVING WELL WITH

Autoimmune
Disease

WHAT YOUR
DOCTOR DOESN'T TELLYOU. ..
THAT YOU NEED TO KNOW

Are you suffering from...

» Weight gain or loss:

* Joint pains

» Depression or anxiety
* Memory loss

l ¢ » Numbness in your

OMON
You could be suffering
Author of LIVING WELL WITH HYPOTHYROIDISM ’m‘nmmdﬂw
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RISK FACTORS FOR
AUTOIMMUNE DISEASES

A Genetic (HLA type)
i HLADRwith SLE and MS
i HLADRgA UK {223aINBYyQad a4@yIRNRYSS aDZ
i HLADRwith RA and DM
A Female
I X chromosome inactivation

A Environmental

I Smoking with RA, PBC, SSc
A Drugs

I Procainamide, minocycline, quinidine with DILE
A Infections

- Viruses, parasites, bacteria




Women are generally more susceptible to autoimmunity compared to men
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Incidence by sex (%)

X

Multiple sclerosis
Sarcold
Ulcorative colitis

Thyroid disease
Myasthe nia gravis
Rheumatoid Arthritis
Diabetes melbus
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Risk to develop RA

1+ year pp

2" year pp

3'd year pp

4th year pp

5th yvear pp

after 5 years pp
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Genderassociated influences on C\8Bnediated autoimmune myocarditis in mice models.
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Journal of Autoimmunity 39 (2012) 259-271

Contents lists available at SciVerse ScienceDirect

Journal of Autoimmunity

FI SEVIER journal homepage: www.elsevier.com/locate/jautimm

Review

Epidemiology of environmental exposures and human autoimmune diseases:
Findings from a National Institute of Environmental Health Sciences Expert Panel
Workshop

Frederick W. Miller®”, Lars Alfredsson ®, Karen H. Costenbader €, Diane L. Kamen ¢, Lorene M. Nelson €,
Jill M. Norris ', Anneclaire J. De Roos €

? Environmental Autoimmunity Group, National Institute of Environmental Health Sciences, National Institutes of Health Clinical Research Center, NIH 10, Room 4-2352,

10 Center Drive, MSC 1301, Bethesda, MD 20892-1301, USA

b Institute of Environmental Medicine, Karolinska Institute SE-171 77 Stockhelm, Sweden

©Brigham and Women's Hospital Division of Rheumatology, Immunology and Allergy, PBB-B3 Harvard Medical School, 75 Francis St. Boston, MA 02115, USA

9 Medical University of South Carolina, Division of Rheumatology and Immunology, 96 Jonathan Lucas Street, Suite 912, PO, Box 250637, Charleston, SC 29425, USA

® Division of Epidemiology, Department of Health Research & Policy, HRP Redwood Building, Room T223, Stanford University School of Medicine, Stanford, CA 94305-5405, USA
"Department of Epidemiology, Colorado School of Public Health, University of Colorado, 13001 E. 17th Place, Box B119 Building 500, Room W3139 Aurora, CO 80045, USA

E Department of Epidemiology, University of Washington and Division of Public Health Sciences, Fred Hutchinson Cancer Research Center, 1100 Fairview Ave. N. M4-B374 Seattle,
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The Functional Medicine Matrix
A Question of Balance

Environmental Inputs
(Diet, Nutrition, Exercise)

/// \\\ Energy Production/

Immune & Inflammatory
Balance

|

s—2 Structural Balance —

Mind & Spirit

| Balance | *j Detox & Biotransformation

Oxidative Redux

Hormonal & Neuro-
Transmitter Balance

N\ |
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Hair dyes usage can trigger autoimmunity

Smyk and Bogdanos Aut Highlights 2013
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Your'Body
Fighting
Back:

What You
CanDo
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Environmental agents

Genomes
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Symptomatic

autoimmune
disease
Silent
autoimmune
disease

Early Autoaggression in
susceptible individuals
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Tools to study Risk factors

A Human monozygotic twin studies
A animal studies,
A Genetic models







PERCEIVED ECM DEGRADATION
BY A PHANTOM PATHOGEN STRESS *

ROS 4

PROLINE

OVERLOAD RISK VARIANTS IN 4
FUNCTIONAL CLUSTERS:

STRESS *

ANTI-GLIADIN
ANTIBODIES

EPITHELIAL CELL FUNCTION DUSP10
SMOOTH MUSCLE FUNCTION PRR5L
NUTRIENT SIGNALING

TGM2 INCREASES

INNATE IMMUNITY
GLUTEN-HLA AFFINITY

TNFa *

TGM2 CROSSLINKS ECM MOLECULES TGMZ’

(PROTECTION AGAINST “PATHOGEN") TGMZ’

CELIAC DISEASE

DESTRUCTION OF INTESTINAL MUCOSA ANTI-TGM2 ANTIBODIES
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Autoimmunity Autoimmune disorders are infectious diseases
éeeéeuntil proven other wise
Shoenfeld & Rose

Clinic Rev Allerg Immunol
DOI 10.1007/s12016-013-8385-8

Everything is Autoimmune Until Proven Otherwise

Yehuda Shoenfeld



EBV and autoimmunity

T Steps to autoimmunity Ectopic lymphoid

follicles in target organ

Infiltration of autoreactive T
cells into target organ

Clonal expansion of EBV-infected
autoreactive B cells in target organ

EBYV infection in target organ

Increased EBV load and anti-EBV antibodies

Decreased CD8 T cell control of EBV

Primary EBV infection

Progression to autoimmunity

CD8 T cell deficiency

Age
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g Overview of
Viral infections

Encephalitis/

meningitis Common cold Eye infections

- JC virus - Rhinoviruses - Herpes simplex virus

- Measles - Parainfluenza virus - Adenovirus

- LCM virus - Respiratory syncytial - Cytomegalovirus

- Arbovirus virus

- Rabies Pneumonia
/ - Influenza virus,

Pharyngitis/  Gingivostomatitis Types A and B

- Adenovirus - Herpes simplex type 1 - Parainfluenza

- Epstein-Barr virus virus

- Cytomegalovirus - Respiratory

syncytial virus
Cardiovascular - Adenovirus

- Coxsackie B virus - SARS coronavirus

Hepatitis : -3 e :
- Hepatitis virus § g !.I!:I:g:/sims

types A, B,C,D, E HTLVAI
Skin infections
- Varicella zoster virus Gastroenteritis
- Human herpesvirus 6 - Adenovirus
- Smallpox - Rotavirus
- Molluscum contagiosum - Norovirus
- Human papillomavirus - Astrovirus
- Parvovirus B19 diseases - Coronavirus
- Rubella - Herpes simplex type 2

Pancreatitis

- Measles - Human papillomavirus

- Coxsackie A virus - HIV - Coxsackie B virus
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Autoimmune Liver Diseases

whn as liver cells
2patitis -AlH)

Hepatocytes - also k
(Autoimmune I—‘

Cholangiocytes (Primary|Biliary Cirrh@sis -PBC)
(Primary &:@n Cholangitis -PSC)
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Central venule

Portal | ING'S
A venule Hepatic . _ College
King's CollNeH?Fe Hdosptha| NHS! [LONDON

arteriole




What Is primary biliary cirrhosis?

Heister's spiral valve

Hepatic

0 ducts
Cystic duct YN

y %\

Neck ?)’\ Common
Hartmann's hepatic
pouch duct

Body
Common

bile
duct

— Pancreatic duct

Duodenal Ampulla of Vater
papilla Sphincter of Oddi
Duodenum ING’S
College

NHS Foundation Trust

King's College Hospital INHS | ILONDON
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Anti-Multiple Nuclear Dots Anti-Rim Like Membranous

BILIARY EPITHELIAL CELL

Anti-mitochondrial



Table 1. Some of the most frequent microorganisms implicated in
the development of PBC

Bacteria Escherichia coli?
Nosphingobium aromaticivorans?

e .

Mycobacterium gordonae’

Lactobacillus delbrueckii subsp. bulgaricus’

s

S&%mﬁhmmeﬁeﬁr—

Sﬁéé})w{mfﬂfedms—
Péraccvensraeupificaus—
Borretiaburgderferi——
Dfigrr] .

Viruses Beta-retrovirus
CHtonemal pvirus—————

Epstein-Barr virus

Parasites Trypanosomes
KINGS
Collegel Other Sﬁ’\c’hﬂgmme—
LONDON
Founded 1829

Curr Inf Dis Rep 2013



EBV as a trigger of autoimmune liver diseases: any evidence?

Experimental and Molecular Pathology 93 (2012) 386-390

Contents lists available at SciVerse ScienceDirect %;“wmm.“mt A
b

Experimental and Molecular Pathology .

journal homepage: www.elsevier.com/locate/yexmp |

Serum markers of infections in patients with primary biliary cirrhosis: evidence of
infection burden

Yinon Shapira *!, Nancy Agmon-Levin *!, Yves Renaudineau ™€, Bat Sheva Porat-Katz ¢, Ori Barzilai ¢,
Maya Ram ¢, Pierre Youinou ”¢, Yehuda Shoenfeld *¢*
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EBV as a trigger of autoimmune liver diseases: any evidence?

Table 1
Prevalence of anti-infectious agents antibodies in PBC patients vs. controls.
Infectious agent PBC patients Controls Odds ratio p Value
(n=169) (n=100) (C14+95%)
Toxoplasma gondii 71% 40% 3.6 <0.0001
(1.9-6.9)
Helicobacter 54% 31% 2.72 <0.01
priori (1.4-5.2)
Treponema pallidum 3% 1% 0.34 NS
(0.03-3.8)
Hepatitis B 16% 7% 0.39 NS
(0.14-1.1)
Hepatitis C 1% 0% 5.2 NS
(0.21-129.5)
EBV-VCA 93% 92% 1.1 NS
(0.34-3.5)
EBV-EBNA 94% 94% 1.02 NS
(0.27-3.8)
EBV-EA 44% 12% 5.79 <0.0001
(2.7-12.5)
CMV 90% 75% 29 <0.02
(1.2-7.2)

Shapiraet al Exp Mol Patf2012
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EBV as a trigger of autoimmune liver diseases: any evidence?

Evidence is support and against a role of Epstein-Barr virus (EBV) in autoimmune

liver disease (AiLD).
Disease

Autoimmune Hepatitis
(AIH)

Primary Biliary Cirrhosis
(PBC)

Primary Sclerosing
Cholangitis (PSC)

Evidence in Support of EBV Evidence Against EBV

-Several case reports indicating the development of -The high prevalence of EBV would indicate a higher

AlH following EBV infection. development of AIH post-EBYV infection, which is not the case.
-Serological evidence of EBV infection in AlH patients. -Strong EBV links with autoimmune diseases, such as
-Strong link between EBV and rheumatoid arthrl is, systemic lupus erythematosus (SLE) that are not commonly
autoi mmune thyroid, Scohcoryitant with AlH.

are often concomitant in patients with Al A CYPZD6259.271 mimicking peptide from BVRF1 EBV is
AiLD. totally unfeactive in anti-CYP2D6s4.,71 positive patients with

- Molecular mimicry and immunological cro?
reactivity implicating an EBNA EBV epitope aRd the
immunodominant CYP2D6,s.,71 €pitope is
demonstrated in patients with AlH-2.

-Increased EBV DNA found in peripheral blogd
mononuclear cells, liver and saliva of PBC patients.
-Increased EBV early antigen titers in PBC/
-Strong link between EBV and rheumatoi€
autoimmune thyroid, and Sjogrens syndrome
are often concomitant in AiLD.

-Homologous regions between EBV proteins and
sp100.

-Increqsed EBV early antigen titers also found in other
autoimiune diseases.

-Strong BBV links with autoimmune diseases, such as SLE,
i @t commonly concomitant with PBC.

-Increased EBYV infected B lymphocytes in the -No direct evidence or case reports linking EBV to PSC.
intestinal mucosa of ulcerative colitis patients (which is
often concomitant in PSC)

Bogdanos et al J Hepatol 2004

Bogdanos et al Hepatol 2003
Smyk et al Adv Virol 2012
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Table 1. Some of the most frequent microorganisms implicated in
the development of PBC

Bacteria l Escherichia colil l

Nosphingobium aromaticivorans?

e 3 .

Mycobacterium gordonae’

Lactobacillus delbrueckii subsp. bulgaricus’

S&%ﬁ’m?ﬁhmmeﬁeﬁr—

Sﬁéépw{mrﬂfedms—
Viruses Beta—retrovirljls

Parasites Trypanosomes
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Epidemiological studies: What they can tells us about infectious triggers

Table 1 Major epidemiological studies cite common and differing risk factors for the development of primary biliary cirrhosis (PBC), which are

compared here

Risk factor

Parikh-Patel et al.

Gershwin et al.

Prince et al.

Corpechot et al.

UTI Yes Yes Yes Yes

History of HRT - Yes Yes No relation found

Exposure to Yes Yes Yes Yes
cigarette smoke

Toxin or Xenobiotic — Yes (nail polish) Yes (hair dye) No association found
exposure

Oral contraceptive  — - — Yes (decreased uptake in
use PBC patients)

Surgical history Tonsillectomy Tonsillectomy, cholecystectomy, Tonsillectomy (but only No association found

Medical history

Family history
of PBC

Other autoimmune
disease: increased
HepA vaccine uptake;
shingles

Yes (6% of first-degree
relatives)

Reproductive history —

colonic polypectomy

Other autoimmune disecase:
decreased ethanol intake;
decreased breast cancer
incidence

Yes (5.9% of first-degree
relatives)

No association but younger
age of first pregnancy

in a subgroup of the
PBC cohort)

Other autoimmune disease;

psoriasis; decreased

ethanol intake; obstetric

pruritis
Yes

No association found

Other autoimmune disease;
obstetric pruritis;
autoimmune hepatitis

Yes (4% of first-degree relatives)
Increased incidence of abortion

and extrauterine pregnancy;
younger age of first pregnancy

UTI: urinary tract infections (

E.coll)

Smyk et al Clin Rev All Immunol 2011
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Epidemiological studies: What they can tells us about infectious triggers

Table 3. A summary of representative studies analyzing UTT as a risk factors for the development of PBC

Parikh-Patel et al. Gershwin et al. Prince et al. [22] Corpechot Varyani et al. [43]
[23] [24] etal. [25]
Number of PBC 241 1,032 318 from a geographical 222 800
patients study; 2,258 from a PBC
support group
Number of controls 261 siblings, 225 friends 1,041 2,438 509 7,991 general population;
of PBC patients 12,137 chronic liver disease
Method of analysis ~ questionnaire questionnaire questionnaire questionnaire  data entries of diagnosis within
administered over the database
telephone
Proportion of PBC ~ 70.1% 59% no number or percentage, 48% 29% (within >1 year at diagnosis),
cases with UTI but 2.06 odds ratio 19% (within >5 years)
Proportion of 55.2% female siblings;  52% no number or percentage but  31% matched controls: 22% matched
controls with UTI 48.1% female friends fewer than in PBC groups controls (over time period >1 year),

14% (over time period =5 years)
Chronic liver disease controls:
17% (within >1 year at diagnosis),
11% (within >5 years at diagnosis)

Bogdanos & Gershwin Dig Dis 2013



5 Reasons Why E.coli Are Our Friend

1 Reason Why E.coli 1s NOT Our Friend:
a trigger of PBC




he
BILLION DOLLAR

QUESTION

How/why urinary tract infections ( E.coll)
are epidemiologically linked to
primary biliary cirrhosis remains elusive

Whether E.coli infection is
pathogenetically linked to
primary biliary cirrhosis
remains poorly understood
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Pyruvate dehydrogenase complex E ~2 subunit

KLSEGDLLAEIETDKATI

KLSEGDLLAEIETDKATI B cell epitope Bogdanos et al Hepatology 2005
GDLLAEIETDKATI CD4 T- cell epitope Shimoda et al J Exp Med 1995
KLSEGDLLA CD8 T- Cell epitope Kita et al J Exp Med 2002

B- and T (CD4 & CD8) epitope co-localization
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The major AMA PDC-E2,,,.,,5 €pitope is exposed
on the surface of the molecule

KLSEGDLLAEIETDKATI

i ' '&\

& LD

Howard et al Gastroenterol 1998

Bogdanos et al J Hepatol 2004
Bogdanos et al Hepatology 2005



Lipoylated lysine residue
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Figure 2. Lipoyl Domain Homology of Mitochondrial Antigens in Primary Biliary Cirrhosis. Kaplan & Gershwin N Engl J Med 2005



How this short sequence (PDC - E2,,.555)
becomes the focus of
autoimmune responses remains unclear

Molecular mimicry involving
E.coli and human PDC- E2
has been studied extensively




SCIENTIFIC CORRESPONDENCE
Molecular mimicry in liver disease

Infecting organism
(immunogenic proteins)

Polyclonal 4+— B cell Processing and Antigen-presenting ceil
antibodies presentation
T FIG. 1 Hypothesis of molecu-
| CD4helper T cell g lar mimicry between self and
recognlzmg . : .
foreign T-cell epitopes in
EAEQSLITVEGDKASME PBC.
(E.coli PDC -E2 Il)
/ Molecular mimicry \
\/
SEGDLLAEIETDKATIG - EAQGALANIAVDKANLE
(self antigen:PDC-E2 Il) (self peptide presented by
c!ass Il HLA: HLA-DR-«
fragment)

Burroughs & Baum Nature 1992



E.Coli and human PDC- E2: molecular mimicry

HumanPDCE2

Smyk et al Curr Infect Dis Rep 2013
Bogdanos & Vergani, Clin Rev All Immunol 2009

Bogdanos Baum & Vergani, J hepatol 2004



Mimicry Peptides of Human PDC-E2 163-176 Peptide, the
Immunodominant T-Cell Epitope of Primary Biliary Cirrhosis
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