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Susceptibility torAutoimmunity

Environmental and genetic factors play a key role in autoimmune
disease susceptibility

The best evidence comes from family and twin studies

In twins suggests shared genetic or environmental
factors

If a disease is restricted to monozygotic twins then genetic factors
are important

Insulin -dependent diabetes mellitus, rheumatoid arthritis, MS, SLE
~20% monozygotic twins show concordance compared with < 5%

dizygotic twins .
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Immunologically privileged sites

Brain
Eye These Sites
Sequester Self
Antigens, But
Testis Few Autoimmune
Diseases Are Due
Uterus (fetus) to _Release Of
Hidden Self
Antigens
Hamster cheek pouch

Fig 13.35 © 2001 Garland Science



Trauma to one eye results
in the release of sequestered
intraocular protein antigens

Effector T cells return via
bloodstream and encounter
antigen in both eyes

Released intraocular antigen
is carried to lymph nodes
and activates T cells

Figure 13-13 Immunobiology, 6/e. (© Garland Science 2005)
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Immunoregulatory T cells

A Immunoregulatory
T cells release
downregulating
cytokines which
turn - off potential

regulatory cytokines

no T cell help

immune responses. '
% no processing
seq'uestor> deljin of
antigen autoreactive

cells

no costimulation
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Autoimmunity: a qguestion of

balance
§ “““““‘ty
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IActivating signals
AVIHC- Il peptide Downregulating signals
ACytokines (IFN - g) ACytokines (IL -
ACD40/CD40L 10,TGF Q)

ACD28/CD 80, 86 ACD80,86/CTLA - 4
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Induction of autoantibodies by cross-reactive antigens

autoantigen

| cross-reactive foreign antigen

autoreactive non-autoreactive
(tolerant) (non-tolerant)

no autoantibody production

...
., -'
ooo

help

autoantibody production




Bypass of helper T - cell
tolerance

0 Moadification of antigen (via drugs, microorganisms)
Me-Dopa- altered synth. of Rhag - AIHA
Procainamide ! nucleosomes- a-histone, a-DNA - SLE

0 Cross reaction (Antigen mimicry)
0 Shared epitopes

0 Bystander activation

Local innate immune responses and expression of second signal and
costimulatory molecules on tissue APCs in site of inflammation




Cross- reacting-Antigens
(Molecular-Mimicry)

AViruses and bacteria possess antigenic
determinants thatare - very similar, orreven
identical |, to-normal -host cell components.

AThis phenomenon, knownas- molecular mimicry,
occurs ina wide variety of organisms.

AViolecular mimicry may:be the: initiating: step in
a variety of-autoimmune diseases.
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Shared Epitopes

A One of the most
popular theories
concerning
autoimmunity Is
that cross -
reactive T cell
clones emerge
during an immune

- S v Heart cell
response against Infected macrophage ex%?esgfng
an infectious MHC /myosin

complex

agent
Coxsackie Binduced myocarditis




Cross-reactive antigens induce autoimmune TH cells

microbial antigen low concentration of
high concentration autoantigen on target cell surface
© Q Q S A
A 4 ¢
s professnonal' ) APCI '
' APC r profeSS|onaI’
g B7 Q Nj APC
Gl C28 , Q
\\ L ’/ \ .‘\‘
' D\ maturation ; CTH )
\ ! ! ‘\ A4 ,,;
naive T cell primed T cell
1 (low affinity) 2 (high affinity)




Mechanisms proposed for
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Polyclonal lymphocyte activation

A Endotoxins cause such activation
Independent of specific antigens

A Super antigens?
A Mitogens?
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Mechanisms proposed for
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ASomatic hypermutation
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Somatic hypermutation generates
novel antibody specificities
within germinal centers

Some of these B cells may now
be able to bind self antigens

Encounter of autoreactive B cell with
soluble antigen causes apoptosis

Figure 13-11 Immunobiology, 6/e. (© Garland Science 2005)
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Genetic Defects

A (a) MRL-Ipr/lpr or gld/gld - Fas or FasL defect
- SLE

A (b) Association with MHC Class |l
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MHC Assaociationrwith

Autoimmune Disease

A Many autoimmune diseases show
association with specific MHC genes.

The number of autoimmune patients
carrying a HLA allele compared with
the prevalence of that allele in the
general population: Relative Risk Value

e.g. RA. &DR 4, SLE & DR 3,

IDDM & DQ @ - single aa atposn. 56,
Asp protects, other aas |IDDM
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Associations of HLA serotype with susceptibility to autoimmune disease

Disease HLA allele Relative risk | Sex ratio (9:3)
Ankylosing spondylitis B27 87.4 0.3
Acute anterior uveitis B27 10 <05
Goodpasture's syndrome DR2 15.9 #]
Multiple sclerosis DR2 4.8 10
Graves' disease DR3 3.7 4-5
Myasthenia gravis DR3 2.5 ~1
Systemic lupus erythematosus DR3 5.8 10-20
Type | insulin-dependent DR3/DR4 ~ 25 r
diabetes mellitus heterozygote
Rheumatoid arthritis DR4 4.2 3
Pemphigus vulgaris DR4 14.4 ~1
Hashimoto's thyroiditis DR5 3.2 4-5

Figure 13-20 Immunobiology, 6/e. (© Garland Science 2005)




MHC Associationrwith
Autoimmune Disease

A Most self peptides are presented at levels too low
to engage effector T cells whereas those
presented at Induce clonal deletion or
anergy.

AAutoimmunity arises most frequently to Tissue -
specific antigens with only certain MHC molecules
that present the peptide at an iIntermediate level
recognized by T cells without inducing tolerance

A The level of autoantigenic peptide presented is
determined by polymorphic residues in MHC
molecules that govern the




Self Level Sets Tolerance Degree

Too low to recognize Clonal deletion >

RECOGNITION TOLERANCE
THRESHOLD THRESHOLD
other MHC MHC?
types MHCP (self-tolerance)
(autoimmune

susceptible)

Density of peptide:MHC complex on cells




OtherrGenetic Factors

Genetic defects In:

A Antigen clearance & presentation (C 1q)
A Signaling (TCRA)

A Co-stimulatory molecules (CTLA -4)

A Apoptosis (Fas & FasL)

A Cytokines (IL -2)
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ADanger theory
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Mechanisms proposed for
iInductiamof Autoimmunity

A Proposes anti-self B & T -cells always present
AAIR is due to release

A Response to tissue damage, necrosis or cell
distress, e.qg. infection or injury

A Inflammation response to danger signals
mediated by effector mols. inc. cytokines.

A BUT can stimulate AIR without tissue damage,
e.g. IiImmunisation with self -ag
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AHormonal status

=~

49‘




Sex-based Differences In
Autoimmunity

A Differences can be traced to sex hormones

- hormones circulate throughout the body and alter
Immune response by influencing gene expression

- (In general) can rigger ¢ and
lestosterone can protect against it

A Difference in immune response

- | produce a higher titer of antibodies and mount
more vigorous immune responses than |l

- | have higher levels or CD 4* T-cells and serum




Antigem Structuresdn Different Type
Autoimmune Diseases

Organ specific autoimmune disease:
Specific organ limited Ags

systemic autoimmune diseases:
Ubiquitous Ags (nuclear and cytoplasmic
antigens as autoantigens)
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Two types of autoimmune disease

organ-specific non-organ-specific
brain
multiple sclerosis(?)
thyroid (N2
Hashimoto's 2
thyroiditis /e
| primary myxoedema A 1
thyrotoxicosis |/ A
_ muscle
| , \l dermatomyositis
/ | {1\
stomach | /! |
pernicious anaemia i =
: . !/ 1-4 . (:3 et kidney
i@ @\
| / \ | SLE
adrenal | /|
Addison's disease \ '
[r [{ ) skin
4l i [ \\IIN scleroderma
pancreas ¥ W SLE
insulin-dependent "
diabetes mellitus N A ;
joints

" | { ) (f ‘| rheumatoid arthritis




The spectrum of autoimmune diseases

organ-specific

A

SN e ___ ]

V
non-organ-specific

Hashimoto's thyroidiiis

primary myxoedema

thyrotoxicosis

pernicious anaemia

autoimmune atrophic gastritis
Addison’s disease

premature menopause (few cases)
insulin-dependent diabetes mellitus
stiff-man syndrome

Goodpasture's syndrome
myasthenia gravis

male infertility (few cases)
pemphigus vulgaris

pemphigoid

sympathetic ophthalmia
phacogenic uveitis

multiple sclerosis (7)

autoimmune haemolytic anaemia
idiopathic thrombocytopenic purpura
idiopathic leucopenia

primary biliary cirrhosis

active chronic hepatitis (HBsAg negative)
cryptogenic cirrhosis (some cases)
ulcerative colitis

atherosclerosis(?)

Sjogren's syndrome

rheumatoid arthritis
dermatomyositis

scleroderma

mixed connective tissue disease
anti-phospholipid syndrome
discoid lupus erythematosus
systemic lupus erythematosus (SLE)
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Mechanisms of Autoimmune
Damage

A Autoimmunity is initiated in the same way as adaptive
Immune responses

A Clinical outcome is determined by

o0 self Ag(s)
d the mechanism of tissue damage

A The mechanism of tissue damage is classified by the
scheme adopted for hypersensitivity reactions

of hypersensitivity may be involved




Mechanisms of Autoimmune
Damage

A Tissue injury is caused by a response to self
Ag — Chronic diseases

A The Ag cannot be removed so the response
persists

— Progressive diseases

A Tissue damage can be mediated by the
effector mechanisms of both T cells and B
cells (antibodies)
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Epitope spreading

i At sites of injury, self-
Circulating B cell binds B cell is activated by a %I::"r:adgefﬁ;eggta:tr:tii:? antigen specific antibody More B cells bind self
e | || S | | oconommsaiee | | FRECEMEI || s
J pep antigen specific antibody mg?e cell iniuryg ¥ 9
=y .
e
So :
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Figure 13-7 Immunobiology, 6/e. (© Garland Science 2005)




Autoimmune responses resemble
hypersensitivity reactions

A Type II: Antibodies (Abs) against cell
surfaces/extracellular matrix

A Soluble immune complexes
deposited in tissues

Effector T cells




Type Il Hypersensitivity
Autoimmunity

Injury caused by antitissue antibody

Mechanism of Effector mechanisms
antibody deposition of tissue injury

Neutrophils and
macrophages

Antibody Complement- and Fc receptor—
deposition mediated recruitment and
activation of inflammatory cells

Enzymes,/ ‘>
: . reactive oxygen
Antigen in : intermediates
extracellular matrix

Tissue injury




Some common autoimmune diseases
classified by immunopathogenic mechanism

Syndrome

Autoantigen

Consequence

Type Il antibody against cell-surface or matrix antigens

Autoimmune
hemolytic anemia

Rh blood group antigens,
| antigen

Destruction of red blood cells
by complement and
FcR* phagocytes, anemia

Autoimmune
thrombocytopenic purpura

Platelet integrin
Gplib:llla

Abnormal bleeding

Goodpasture's syndrome

Noncollagenous domain of
basement membrane
collagen type IV

Glomerulonephritis,
pulmonary hemorrhage

Pemphigus vulgaris

Epidermal cadherin

Blistering of skin

Acute rheumatic fever

Streptococcal cell-wall
antigens. Antibodies cross-
react with cardiac muscle

Arthritis,
myocarditis,
late scarring of heart valves

Figure 13-27 part 1 of 3 Immunobiology, 6/e. (© Garland Science 2005)




Failure of vitamin B,, absorption in pernicious anaemia

“normal | pernicious nnanﬁ{i;

diet diet

parietal cell 2 .
| secretion
stomach | . Q
O
-
wn

ellliou

_____ plasma cell
| secretion

B,, absorbed from gut B,, not absorbed




Type |l Hypersensitivity
Autoimmunity

Immune complex—mediated tissue injury

Mechanism of Effector mechanisms
antibody deposition of tissue injury

Circulating immune Neutrophils

complexes

,‘

Complement- and Fc receptor—
mediated recruitment and

activation of inflammatory cells

e

Blood

vessel Neutrophil granule
enzymes, reactive \ _____
oxygen intermediates

Site of deposition of

immune complexes Vasculitis







