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Environmental Factors in MS
Symposium Outline

A Overview M Wallin, MD, MPH

A Vitamin D/Sunlight & MS J. Culpepper, PhD

A Viruses & MS M. McCarthy, MD, PhD

A Panel DiscussiarAll presenters , J. Haselkorn,
MD, MPH & A. Poel, PhDc




Learning ODbjectives

A At the conclusion of this presentation, the
participant will be able to:

Understand the association between Vitamin D
and risk of MS

ldentify current viral agents that are linked to
MS onset

Understand the immunological mechanisms
linking viral infection and MS

Discuss the role of two human herpes viruses
(HHV-6 and EBV) In MS
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MS Disease Timeline

(Lublin F, Neurol in Clin Pract 2008)




Evidence for Environmental
Susceptibility iIn MS

A Geographic Risk Gradients

A Migration alters MS risk

Low Prevalence zoné High Prevalence Zone
High Prevalence zoné Low Prevalence Zone
Israel

A Epidemics of MS

Faroe Islands



MS in US Veterans during 2@Century
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Familial Aggregation and MS Risk

(adapted from Ebers Gancet NeuroR008)
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Candidate Genes In MS

(adapted from OksenbergNat Rev Gei2008 and RasmusssenMult Scler2001)

Gene Chromosomal | Odds
position Ratio
HLA DRB1 6p21-6p23 2.36.4
IL2RA, interleukin 2 receptor 10p15 1.25
IL7R, interleukin 7 receptor 5pl13 1.18
CLEC16A C-type lectin domain family 16, A 16p13 1.14
RPLS ribosomal protein LS 1p22 1.15
DBC], deleted in bladder cancer 1 9933 1.17
CD58 lymphocyte functiorassociated antigen 3 1p13 1.24
ALK, anaplastic lymphoma receptor tyrosine 2p23 1.37
kinase
FAMG9A family with sequence similarity 69, A 1p22 1.12




Regions of the genome showing
assoclation with MSNature 2011;476:214)
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Genetic Susceptibility and MS

A Maximal concordance of MS In identical
twins 1s~30% (in high risk areas)

A Genome wide association studies contribu
little In explaining MS risk

A Environmental and epigenetic modificatior
on genome require study

ASusceptibility gene



MS: Risk Factors for Onset

A Environmental Factors
Geography
Smoking
Deficiency of Vitamin D and sunlight
Infectious trigger

A Genetic susceptibility



Environmental Risk and MS
Two Theories of Infectious Causation

A Both espouse MS is a rare complication of

a widespread infection

AhPreval ence hypothesiso (
an infection more common in geographic regions of high
risk

AnhHy gl ene hypothesi so (E.
late age acquisition of an infection commonly acquired
In early childhood



MS Risk for Onset
EBV titers and Smoking

Study or Subgroup Weight IV, Random, 95% ClI IV, Random, 95% CI
Antonovsky 1965 10.8% 1.40[1.05,1.88)
Carlens 2010 9.2% 1.90 [1.39, 2.59]
Ghadirian 2001 46% 1.60 [1.03, 2.48]
Hedstrom 2009 334% 1.50[1.27,1.77]
Heman 2001 11.3% 160([1.21,212)
Hernan 2005 126% 1.30[1.00,1.69)
Jafarl 2009 41% 1.09(0.68,1.74)
Riise 2003 3.9% 181[1.13,291]
Slmon 2010 46% 1.50[0.87,2.32)
Thorogood 1998 54% 1.20 (0.80, 1.80]

Total (95% Ch 100.0% 1.48 [1.35, 1.63]
Test for overall effect: Z= 8.22 (P < 0.00001)

Handel A,PLoS One2011:6:€16149
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Simon K,Neurology2010;74:1365



Potential Risk Factors for MS In

Gulf War-era Veterans

A Vaccinations
Anthrax (Kerrison, 2002)
Hepatitis B (Hernan, 2004)
A Viral infections

Parvovirus B19 aplastic crisis 1991 in
Gulf region (Mallouh, 1995)

A CNS toxins
Sarin
Pyridostigmine bromide
Organic solvents (Riise, 2002)

A Alr pollutants(Oikonen, 2003)



MS Risk Assessment Through the Lifespan

Prognosticators OUTCOMES
Environmental @ onset of MS MS Disease Course Clinical Survival

Female .
fewer relapses with full recovery (RRMS)

Equitorial Latitude ounger age ] ]
q younger ag shorter disease history

Vi in-D (di sensory symptoms
itamin-D (diet) y symp DMT QOL

otective

Infections
Vitamin-D supplements (UVB exposure) ?? Disability - Decubiti

- UTI
ADLs - Pneumonia

UVB exposure relapsing MS
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EBV, HHV-6 Male frequent relapses without full recovery (SPMS)
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other viruses & older age primary progressive disease course MS DVT / PE

toxin(s) motor symptoms longer disease history Symptoms

smoking ?? . o
vaccinegs 27 progressive MS comorbidities

Exacerbating

—_— - M - >
Birth ~10 ~20 ~40 Death

NOTE: Items displayed in BLUE are EFFECT MODIFIERS that can varry naturally (e.g., living at a southern latitude) or are modifiable (e.g., smoking, DMT
use). A '??"is placed next to those items that have been suggested, but not conclusively demonstrated, to impact MS risk or outcomes.




MS RiIsk Factors for Onset

A Environmental risk factors require validation in larger,
ethnically diverse cohorts
Interaction between risk factors
Geneenvironmental interaction
A Prevalence hypothesis for an infectious trigger in MS ha:
the most plausibility from the epidemiologic data:
Migration data (high to low risk, low to high risk)

Faroe Islands Type 1 Epidemic
Novel infectious agents should continue to be explored



Obtaining CME Credit

T1f you would like to receive CME credit
for this activity, please visit:

TThis information can also be found In the
Summit 2011 Program on page 8.



