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Immunopathogenesis of Multiple
Sclerosis

Epidemiology of MS

 Age of onset usually 20-40
 Higher prevalence in women
 250,000-350,000 affected in U.S.
 Most common cause of

nontraumatic disability in young
adults

 National annual cost of MS $6.8-
$11.9 billion

Whetten-Goldstein et al. Mult Scler. 1998;4:419-425
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Environmental
Factors

Autoimmunity

Genetic
Predisposition

The Cause of MS is Unknown

Loss of myelin
    and axons
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Clinical Patterns of MSClinical Patterns of MS

Time

Relapsing-remitting

Secondary progressive

Primary progressive

Progressive relapsing

Adapted from Lublin et al. Neurology. 1996;46:907-911

Natural History of MS
Clinical and MRI Measures

Measures of brain volumeMeasures of brain volume
Relapses and impairmentRelapses and impairment

TimeTime

Hartung HP et al.  Lancet 2002;360:2018-2025.

MRI Total T2 Lesion AreaMRI Total T2 Lesion Area
MRI activityMRI activity

RelapsingRelapsingPreclinicalPreclinical ProgressiveProgressive
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Neuropathologic Patterns of MS

4213Frequency

--++++Remyelination

-++--Oligo apoptosis

PronouncedPronouncedVariableVariableOligo loss

perivenousNon-perivenous;
Ill defined

perivenousperivenousDemyelination

--++-Complement/
IgG

+++++++++Macrophages

+++++++++T Cells

IVIIIIIIPattern

Lucchinetti C, et al. Ann Neur 2000;407:707-17

Goodkin DE. 1999.

A Model of
Immune
Mechanisms
in MS
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Goodkin DE. 1999.
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MMP = Matrix Metalloproteinases

Molecular Mimicry: An Inability
to Distinguish Non-self From Self

Viruses
Bacteria
Toxins

Myelin basic protein
Proteolipid protein
Myelin oligodendrocyte glycoprotein
Myelin associated glycoprotein

Potential Non-self Antigens Potential Self Antigens

Foreign
antigenic peptide

Self
antigenic peptide
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Goodkin DE. 1999.

Goodkin DE. 1999.
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Goodkin DE. 1999.

Disease-modifying
Therapeutic
Strategies:
Immunosuppression

Goodkin DE. 1999.

Disease-modifying
Therapeutic
Strategies:
Immunomodulation
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Periphery CNSBBB

Yong, 2004
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Evidence that MS may not be
a Th1-mediated disease

 IL-12 receptor deficient mice are suseptible to EAE
 Treatment with IFN-γ and anti TNF-α worsens MS
 Th1 → Th2 only results in a modest treatment effect
 In some MS lesions the majority of clonally expanded

lesions are CD8+
 IL-23, which may be involved in expansion and

maintaining the population of Th17 cells, is found in MS
lesions

 MS may be a primary neurodegenerative disease in some
patients
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Goodkin DE. 1999.

A Model of
Immune
Mechanisms
in MS

Type 1 Diabetes

 An autoimmune disease involving systematic
and specific destruction of pancreatic islet
beta cells

 Multiple genetic contributions
 Possible environmental trigger
 Long latent period
 Incidence appears to be increasing worldwide

– accounts for 5-10% of all diabetes
 May appear in adulthood (LADA)
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Islet autoantigens

 GAD 65
 insulin
 IA-2 (protein tyrosine phosphatase of unknown function)
 proinsulin
 carboxypeptidase H
 peripherin
 IGRP (CD8 antigen)
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.

Autoantigen Sensitivity, %    Specificity, %

  Insulin               40-70                         99

  GAD65               70-80   99

  IA-2               50-70                         99

Diagnostic sensitivity and specificity of
autoantibodies for type 1 diabetes Autoimmunity

GENES

  ENVIRONMENT

IMMUNE
REGULATION

 

T

B

DC

Adapted from Fathman  Nat Immunol:9:760 2001
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Genetics of Type 1 diabetes

 monozygotic twins have a 30-50%
concordance rate

 HLA identical siblings have a 10-25%
concordance rate

 The most susceptible HLA type is associated
with 5% risk

 DQ beta 0302 and 0201 susceptible
 DR2 and DQ beta 0602 protect
 30% also have AIT, 4-9% have Celiac

disease and 0.5% have Addison’s disease
 Increased rate of autoimmunity in relatives
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Genetics of Type 1 diabetes -
other candidate loci (16-20)

 insulin
» level of expression may influence thymic selection

 CTLA4
» controls T cell regulation

 PTPN22 (lymphoid tyrosine phosphatase)
 Others

» MIC-A
» TGF-β
» zfp36 (controls TNF-α production)
» IL-1
» sle3
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Mechanism
 Unknown trigger activates diabetogenic

T cells that recognize islet cell antigens
» early islet infiltration by APC’s and T cells
» B cells may be key APC’s

 Both CD4 and CD8 cells are required for
initiation of disease
» effector cells are CD8

 Th1 type cytokines are involved
 Rate of progression is variable

Antigen Recognition and
Costimulation

MHC II TCR
APC CD4 T CELL

ANTIGE
N

Cytokines

TLR

Bacterial
products

CD28

CD40

+ +

CD40L

B7

+
+

B7/CD2
8

CD8 T
CELL
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What triggers disease?

 Self antigen

 Microbial antigen

 Molecular mimicry

 Local inflammation



18

Regulation of diabetes

Progression is regulated by at least
two known subsets of T cells

»CD4/CD25+ T cells

»NK1.1 (Vα24/Vβ11) T cells
–Genetically regulated

Newly diagnosed diabetics have
defects in CD4/CD25 regulatory cells

Kukreja
et al. J.
Clin.
Invest.
109:131
2002
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CD1 recognizes lipid antigens
presented by NK1.1 T cells

Kukrej
a et al.
J. Clin.
Invest.
109:13
1 2002
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THE PATIENT AT RISK

 FAMILY HISTORYFAMILY HISTORY
 > 2 ANTIBODIES> 2 ANTIBODIES
 SUSCEPTIBLE HLA (2.4% newborns)SUSCEPTIBLE HLA (2.4% newborns)

» ? ABNORMAL CYTOKINE SECRETION
» LOSS OF REGULATORY T CELL

POPULATIONS
» OTHER GENETIC MARKERS

The number of autoantibodies
predicts risk in relatives

Notkins and
Lernmark

J. Clin. Invest
108:1247
2001
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Preclinical course of diabetes

 Autoantibodies present
 Abnormal first phase insulin response

following IV glucose challenge
 Impaired GTT
 Abnormal fasting glucose
 Loss of C-peptide
 Testing for autoreactive T cells not

available yet in humans

Diabetes prevention

 Before the onset of autoantibodies
» Remove environmental triggers (?cows milk)
» Transcriptional regulation of key antigens

 After the onset of autoantibodies
» Immune suppression
» Tolerance induction (switch to Th2

response)
» Induction of regulatory T cells
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Von Herrath
et al

J Clin Invest
1996
98:1324-31

Oral insulin prevents diabetes in
mice by immune deviation

Von Herrath et
al

J Clin Invest
1996 98:1324-31
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The Diabetets Prevention Trial
(DPT-1)

 Focused on insulin as tolerogenic agent
 Both i.v. and oral arms in patients at risk

(700 individuals)
 Neither arm worked ( used too late?)
 Stresses the differences between

prevention, initiation and effector phases
of disease

 A GAD trial is underway

Anti-CD3 prevents diabetes in
mice and delays onset in humans

 Non-depleting anti-CD3 antibody
 Dos not induce a cytokine storm
 A single dose resulted in delay in

disease onset for up to two years (42
patients)

 Delivery with nasal antigen induced
Tregs in a mouse model
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Prevention of loss of C peptide
after anti-CD3 treatment

Herold et
al
Diabetes
54:1763-
1769,
2005

Reversal of insulitis by LTN-β receptor
antagonist

Wu et al

J Exp Med
2001
193:1327-32
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Islet transplant

 Edmonton protocol
» Steroid free
» Anti-CD25
» Sirolimus and tacrolimus
» Large transplant mass delivered to portal

vein
» Meticulous tissue preparation and transport
» ? Addition of anti-apoptotic or anti-

inflammatory regimens
» No good markers for rejection
» Requires longterm immunosuppression

THE  PRESENT

 TREAT KETOACIDOSIS
 START INSULIN
 CONTINUE FOR LIFE
 TREAT COMPLICATIONS

» CARDIO AND PERIPHERAL
VASCULAR

» RENAL
» OCULAR
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THE FUTURE

 PREVENT DISEASE IN PATIENTS AT
RISK
» Identify by HLA TYPING + ANTIBODIES

 IMMUNE MODULATION
» Cyclosporine A
» other immunosuppressives
» Biologic reagents (which?)

 PREVENTION BY induction of tolerance
 RESTORATION OF REGULATORY

CELLS
 RESTORATION OF islet cells


