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Prevalence of selected Sl sladss
autoimmune diseases

Psoriasis 2

Crohn's

Type 1 Diabetes
Lupus M3

f

Number of cases per 100,000 people

AlD Incidence/100,000/yr Dominant sex Disease pattermn Tissue(s) affected
Autoimmune Multiple endocrine
APECED polyendocrinopathy candidiasis 1 F c glands (thyroid,
ectodermal dystrophy adrenals, etc.)
APS Anti-phosphalipid syndrome 5 F c EE I T
AS Ankylosing spondyiitis 10 M @ E’D';‘g"”ﬁ‘ U=,
! _ R/R Walls of colon and
cD Crohn's disease 2 M=F c T e
GBS Guillain-Barré syndrome 1-2 M=F A Peripheral nerves
Graves' disease R/R
GD (hyperthyroidism) 50 F c Thyroid gland
GS Goodpasture's syndrome 1 M A Kidney and lung

“Incidence” refers to the number of new cases that occur per 100,000 population in 1 year.

“Dominant sex” indicates whether males (M) or females (F) are affected most often (*, indicated sex is only slightly
predominant).

“Disease pattern” describes whether the course of the disease is acute (A), is chronic (C), or follows a
relapsing/remitting pattern (R/R) (some AID are manifested in more than one pattern).

“Tissues affected” specifies those tissues that characteristically come under autoimmune attack.
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AlD Incidence/100,000/yr  Dominant sex Disease pattern Tissue(s) affected

Hashimoto's thyroiditis .
HT (hypothyroldism) 500 = C Thyroid gland
Immunodysregulation, )
IPEX polyendocrinopathy, ‘L;lgrknrcraurvg. M c \;?r";r:: Ellastes
enteropathy, X-linked syn. Y g
Immune (idiopathic) M = F (child A (child
TP thrombacytopenia 7 siehiinen | (children) g0 16t
purpura F (adults) C (adults)
10-70 (USA) - Mucosae, lymph nodes,
[z [Errelialnrs 134 (Japan) M & heart, vasculature
F (30-50 yrs) MNeuromuscular
MG Myasthenia gravis 2 M (70-80 yrs) R/R junctions
MS Multiple sclerosis 7 F g‘fR Brain, spinal cord
PG Pemphigus 0.5-3.2 M=F c Skin
. R/R q
PM Polymyositis 1 F c Voluntary muscle fibers
PS Psorlasis 1000-3000 M=F SIR Skin
AlD Incidence/100,000/yr  Dominant sex Disease pattern Tissue(s) affected
. - Joints, muscle,
RA Rheumatoid arthritis 1000 F c TR T
. Heart muscle and
RF Rheumatic fever 200 F R/R valves, kidney, GNS
sD Soleraderma 0.2-04 F c AL
issue
Systemic lupus Skin, joints, kidney,
ELE erythematosus e 7 B lung, heart, Gl tract
55 Sjdgren syndrome 20 F c EcIneinants
(lacrimal, salivary)
Type 1 diabetes 35 (Finland) _ fi-islet cells of
Uikl mellitus 0.7(China) aF E pancreas
Thrombic thrombocytopenia A
TP purpura 0.1-0.3 F RR Platelets
. - R/R
uc Ulcerative colitis 7 M=F c Inner wall of colon
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Two types of autoimmune disease

organ-specific non-organ-specific
brain
multiple sclerosis(?) ~ e
/f’ 7 }"
thyroid f‘\ b
Hashimoto's A
thyroiditis —— @ ‘\
primary myxoedema / g
thyrotoxicosis | A
} [ (M muscle ‘

] | \ \/ l dermatomyositis
(!
stomach | A L= \ J

,, 2
pernicious anaemia @(7) \‘ Kidney ‘
L SLE
] \

Addlsonsdrsease ]i \ i

” d i | ) IV scleroderma
SLE

insulin-dependent /

‘ adrenal
‘ diabetes mellitus

pancreas W/ | ]
|

joints
rheumatoid arthritis
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STIMULATING AUTO-ANTIBODIES (Graves' disease)

Auto-antibody —
to receptor

Pituitary gland

—
O

Negative
feedback
control

Regulated production of Unregulated overproduction
thyroid hormones of thyroid hormones
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BLOCKING AUTO-ANTIBODIES (Myasthenia gravis)

Nerve Nerve

o ° ..0.0.. .o—AcetyIchoIine—o o s ® e

@ 4 [ ]
Auto-antibody
to AChR
Muscle cell
Muscle activation Muscle activation inhibited
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Normal Joint Arthritic Joint

Bone Bone
Muscle

Capsule
(ligaments) HJ_,?
Synavial
membrane
Tendon \ g Tendon

Synvial fluid =—
Cartilage 4—*____—

Muscle

Tendon sheath Tendon sheath

Bone Bone
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Mechanisms of organ damage

3513 SIS Oguoslsil (s olows o o2 u.a,[ﬂ.’&o t&lj,]y,.o.a'jslbw&o
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Humoral autoimmunity
destructive mechanisms
(complement cascade, antibody dependent
cell-mediated cytotoxicity (ADCC))
stimulating autoantibodies
blocking autoantibodies

Cell-mediated autoimmunity

destructive mechanisms
(direct cytotoxicity, cytokines, enzymes, cell lysis)

T s oo Ol 551 slaglans Slll Eiels Lol ge 4
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OJgigesl JSb 4 (5395 SLOj ST woje *
Autoimmune
disease

regulation
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B. B cell molecular mimicry

i} Pathogen peptides

"D\ Cross-reacting host peptides

4 Pathogen B call epitope

Cross-reacting host B
cell epitope

IR
o, ! ra = Pathogen 2

Plas::'la X
cel i
5

LT

Host tissue

TABLE 20-3

Protein™ Residue’ Sequence

Human cytomegalovirus 1E2 79 PDPLCGRPDED
HLA-DR molecule 60 VTELGRPDAE
Poliovirus VP2 70 STTK SRGTT
Acetylcholine receptor 176 TV I K SR GTK
Papilloma virus E2 76 SLHLES S
Insulin receptor 66 VY GLE S L
Rabies virus glycoprotein 147 TKESLY L LS
Insulin receptor 764 N K £ LV I SE
Klebsiella pneumoniae nitrogenase 186 SRQTDORE E
HLA-B27 molecule 70 KAQT DREDL
Adenovirus 12E1B 384 Lt RRGMFRESQOCN
a-Gliadin 206 £ GQGS FRPSQQON
Human immunodeficiency virus p24 160 CV ETTTPRS

Human igG constant region 466 GV ETTTRS

Measles virus P3 13 L C i RALK
Corticotropin 18 L C I RACK

Measles virus P3 31 £ 18 DNLGOE

Myelin basic protein 61 £ 15 FKLGQE

*In each pair, the human protein is listed second. The proteins in each pair have been shown to exhibit immunologic cross-reactivity.

fEach number indicates the position on the intact protein of the amino-terminal amino acid in the listed sequence.

*Amino acid residues are indicated by single-letter code. Identical residues are shown in blue.

SOURCE: Adapted from M. B. A. Oldstone, 1987, Celf 50:819.
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CD4—

Superantigen

Antigen-presenting cell
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Lymph-node
ynp + MBP

@
®
»

@

®
»
® g
e
aa‘&
e
e,
bl

> g

#
- i gg‘%k%%& &
RV %
™y \‘?\’ = #
k3 ] e
EAErat _/ Normal rat MBP-specific
{most die; some recover) T-cell clones
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Insulin gene Insulin gene
promoter terminator

P\ / region

5 -’ Insulin structural gene -,- 3

l PonA
Sl < s 13 (5 logt S
L paole b S o SeS

IFN /gene
InsuIm gene
Insulin gene l terminator
promoter region

s 1> G > | -

PI/IFN-y transgene

IFN-y  Pancreas

Transgenic mouse
developed IDDM

Cellular infiltration

Trauma to one eye results Effector T cells return via
In the release of sequestered bloodstream and encounter
Intraccular protein antigens antigen In both eyes

A “Resting’

tissue APC 1 cell @ s@ w
Self-tolerance :‘@ e =
(anergy) Al Self-tolerance:
antigen anergy or deletion
Mlcrobe
Self-
reactive
Actlvnll n
Induction of 3 Tl
costimulators D>
on APCs Self—
Self elf
antigen B7 CD28 tissue
C ﬁﬂlcrobe
A4 Activation
of T cells

Molecular
mimicry

Microbial ggf-reactive i
antigen T cell that dsshe

recognizes 1
microbial peptide
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Animal Models for Autoimmune Diseases

9 Joo s

1(0950395) Slea> sladse °
NZBXNZW ¢ NZB 513
MRL/lpr *
NOD -
(o) Sl sadse *
OsS il 835,55 32055 b (95 05 03 (2025 g9l S Lkl
b olrod (ko L (9 G203 b Ghgo 03 (2055 Caduogllinusl *
3999 Cailg=l
3398 Ciilgzl 1> Gl9rslS 9 03 3205 b (2025 Osaelsil Cuddg s

Other Autoimmune Animal Models

MRL/lIpr : Systemic Lupus Erythematosus
Ipr gene (defective fas gene)

EXPERIMENTAL ANIMAL MODELS
OF AUTOIMMUNE DISEASES
Possible human [hsease transferred
Animal medel disease counterpart Induging antigen by T cells

Spontancous autoimmune discase

Nonobese diabetic (NOD) Insulin-dependent diabetes Unknown Yes
mouse mellitus (IDDM)
[NZB * NZW] F, mouse Systemic lupus Unknown Yes
erythematosus (SLE)
Obese-strain chicken Hashimoto's thyroiditis Thyroglobulin Yes

Experimentally ind uced autoimmune discase®

Experimental autoimmune Myasthenia gravis Acetylcholine receptor Yes
myasthenia gravis (EAMG)

Experimental autaimmune Multiple sclerosis (MS) Myelin basic protein (MBP); Yes
encephalomyelitis (EAE) proteolipid protein (FLP)

Autoimmune arthritis (AA) Rheumatoid arthritis M. ruberculosis { proteoglycans) Yes

Experimental autoimmune Hashimoto's thyroiditis Thyroglobulin Yes

thyroiditis (EAT)
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CFA: Complete Freund’s Adjuvant

An effective means of potentiating humoral antibody response to injected

immunogens

MBP + CFA Lymph-node

X
s

/ cells +MBP

A\

S m
Normal rat EAE rat

(para]\ Sis)

s

EAE rat ) ) Normal rat MBP-specific
(most di¢; some recover) Tell clones

*CFA is considered to be an
emulsion consisting of equal
volumes of CFA to antigen (1
part CFA or less to 1 part
antigen).

emproper or unnecessary use
leads to excessive
inflammation, induration,
and/or necrosis in laboratory
animals.
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Genetic Susceptibility

Siimd phs U2 IR0 YD piiian Ogaoaleil Jlow SO sLI> sdosleils 9 Olasj o °
Olonods (S gl 4allhe 4 by yo salsd *

SglBes y3 Oereslsil s lew S (CONcordance rates ) ol jon gsd9 °
((A2E ] ) FWSPWEWSTEWR T g

Table 29-4 Concordance of Selected AID in Monozygotic Twins

AID Concordance Rate (%)
CD 40
GD 20
TIDM 20-30
SLE 24-49
MS 18
RA 15

L Obsbn 9 293 o Solew Eond dumlio (G2l E 5 jl 03Liwl L) (Solow 45 L) U lowe Oljwe ©

Caoz ) €guld
As L relative sibling risk ggui ool cons
315 3929 Suij pSU 2 AS>1.0 / 3135 3929 uald gors iy AS=1.0 —
AMZ 01 582 5 13 1) 095259390 Saglys ST —
Peg)e b Ogmealsil Slewlon ol sl *
2o o %0 3y plp Vo= e Cumoz JSL duglie o Wi 3,0 S 0) 9 vy —

Table |. Relative risks in autoimmune disease

Disease Concordance rate (%) Population As
prevalence
Monozygotic Dizygotic ~ Non-twin (%)
twins twins siblings
IMD 30-50 0-13 6 0.4 15°
MS 25 0-5 3-5 0.1 200
SLE 24-57 2-5 2-5 0.2 20-40¢
RA 12-15 3-4 2-4 0.24-1.0 5-10¢

"Refs. 106 and 107. *Ref. 49. ‘Ref. 108. “Ref. 3.
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Genetic analysis of Autoimmune Diseases: association studies
and linkage analysis
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Genetic analysis of AID: association studies and linkage analysis

313 Golowr b ko bLi)I &S (Bogohy) 5 0F S5
HLA Joo gioal by 05 o35 Lo Ygono —
Olgmdl Jho L 5 Sdoc b b e b —

LM yuns
JoS 02 9 Jlow e b po pu D131 (53U S uigi) i —

dmo Pl 3 gdine Olo Sl 390 3> I Gl Jlow 3181 G J3 A JI ST @
Sl s b oS
Sl 239 HLA (slgs S Ogaoalgsl Solow 03 oo SO 2302 —
ml,ioj&,ﬁ.ﬁbglés&lc)Ijﬁ&gl&.’:’ﬁ,&;&p);&b»_lg -

"

d* ] g
0.,.© 5
(% I % |
EJOE

s b3 Relative Risk

Disease status

Risk
Present Absent
With HLA a b
Without HLA c d
J(a+ b 20/100
RRZG’I(ajL ) _ 20/ = 20.

¢/(c+d)  1/100
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Ankylosing Spondylitis

Ol sdaSSl s 35 gamnl 2ty pige

HLA-B27 35 giupo Yotno 45 (5 3185 5155 7.9 1 Gl
(SS g99) 3501
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JUail OIS 5l gl gl 95 )5 Carnns i po Slon

Jga> 9 HLA-B27 L b e Ankylosing spondylitis

0o Paie sl
S o0 9 HLA-B27 b gi liis suiy 40 0 : 4y 05
YO

195 Cawl (o0 9 315 (S e l> f)s 4 Jbs HLA-B27
94 Ole 295

SLE ¢LWwo > HLA-DR3 g HLA-DR2
3i55log) 551 b b pa HLA-DRA I ol sla I

HLA-DR3 & jgro sly 5 0,5 5 9

o OUaSG, @olg= 40 43 bLIYI oy
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T > s Jg HLA-BA6 Ol b b po oz MG
2wl Oglie P Solow Sl sleds S 1) 0> 25
HLA-DR3 5 HLA-B8 L, bls,I MG 4Jsl p 6 Weo —
HLA-DR2 s HLA-B7 Jles p 6 —
BHLA 30 b bli)l s clidlxe

S5 98 Cubd jom plp > HLA-DOG  —
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Genetic analysis of AID: association studies and linkage analysis

5955 dmlio OT pulwl 9 Caannss piY 8 ywa= linkage analysis wlallhe 5 ¢
Gl (011312 9 Ol p2lg5 Vgoo) Juold IS

Dr'a“#&ﬁ_‘

00 00 00 00 00 OO0 OO0 00 OO  wermal
i1 imimimiunr ]

12 34 14 13 244 14 56 15 46

Principles of linkage analysis. Pedigree with carriers of an autosomal dominant trait (black). In
linkage analysis a distinct chromosomal region (marker) is sought for the common inheritance of
the trait (yellow) with a distinct characteristic (allele 1-6). The analysis shows that the
characteristic 4 of the marker shown (magenta) is always inherited together with the trait

Genetic analysis of AID: association studies and linkage analysis

4s (SNP, single nucleotide polymorphism) S yiie puusd 9o Sy j2 s *
b Wl 1 5L

LSNP (ol 9> In,a)" Ao > .bm,.a.o ),.b4.| °
Bl b o Vee s B e e slil 4
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390 plowil (3131 oS 3laws 3) pgij 83 4SSl —

b w2 2L b s T Y515 45 —
association Ol
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Gene(s) Disease association [Mechanism
Complement Lupus-like disease Defective clearance of
proteins immune complexes?
(C2, C4) Defects in B cell
tolerance?
Fas, FasL Lpr, gld mouse strains; | Defective elimination
human ALPS of self-reactive T and
B lymphocytes by AICD
AIRE Autoimmune Defective
polyendocrinopathy elimination of
with candidiasis and self-reactive T cells
I ectodermal dysplasia | in the thymus

»e slgs
MHC

Saoiamaw O9aos 93l 4 pmio Fas ligand U Fas s yaids °

activation-induced cell death *

autoimmune lymphoproliferative syndrome (ALPS) <

Ol pow £3589 5 <SW 9 30,8 JsalS aide (3L 5T

Table 29-6 Non-HLA Genes Associated with Selected Human

AID

AID
AS

CcD
GBS
GD
HT
T1DM
PsS

RA

sD
SLE

SS (primary)

Non-HLA Genes

Unknown genes in chromosomal regions 1p, 2q, 6p, 9q,
10q, 16q, and 19q

CARD15, cation fransporters

FeyRIL TNF

CTLA-4

CTLA-4

Insulin, CTLA-4, 1L-12 p40

Gene on chromosome 17 containing a Runx-binding site
IL-1g, IL-1R, MBL, TNFR2, ICAM-1, IFN~, various FcRs
IL-6 (Juvenile)

Gene on chromosome 17 containing a Runx-binding site
C4, C2, Factor B, HSP70, TNF, fibrillin (one population)

CR1, HSP70, FcRyll, FcR~lI, IL-6, IL-10, TNF, TNFR2, PD-1
Gene on chromosome 2 containing a Runx-binding site
C1, C4, or C2 (5% of cases)

IL-10 promoter (not all groups)

»e kg3
MHC
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* CR1, HSP70, FcRII, FcRIll, IL-6, IL-10, TNF, and TNFR2 genes

JCAM-1 . TNFR2 MBL dL-1R dL-1 k35 15 punsirgoisly  RA Ollag s> ®
FCR o IFN

JRA ks ol 8l IL-6 Oj > M),A‘HJ .

SD 0lloss 1> TNF 5 HSP70 (Factor B (€2 (C4 slgs5 1> pumsbrgosly *

ooooo

JGs
P L 09 S Jow L) °

* CARD15 caspase recruitment domain-containing protein 15; also
known as NOD2
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Monogenic Diseases

iaud Sifgige o5 Slerlons *
Autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy (APECED)

aliseo 1 )S 9331 (slgol il Ol APECED (g o °
L polais! sleiny p dgdume az g0 &S (w999 J9SB)AIRE 0L ks e ©
3ig Ol gugerd V930 JLb gl > e

95551951 Slsemgoni  JgSo (pl 4> ol

autoimmune regulator (AIRE)

AL
T1zbiz

Stomach § ,)
{
Prevention of ‘)

autoimmune attack /
of peripheral tissue = €¢——| |
R '
A

Eye

Nature Reviews | Immunology
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o Antesen Hormonal Influences

of PPARa

Autoimmunity Autoimmunity
Inflammation Y. M Inflammation oy,

4w RA 9 u)fg.w )lge /4 9 SLE )lge TAN) OGJ 23 O9aesleil Sleaslow 0390 J55L)  °
s OLBTAS, KD, GS 9 iy Wils @a MS, RF, SS, HT, GD, ITP, PM 5. 0l
sy $326 OLBT > guae jatio 5 yidy lgoils )3 Spatuugs —
Solew pSUe 325 09 pianl ju925 SLE Use jhge s *
e 903 93 WS oS (e > —
il sledll> s Wglite s Ollew s> —

oS Vg 5 8358 )l o 51 9 Ollow 1Y+ 3 uSYg »y JlulSl ¢
Bcl-2 5 CD40, CDA0L il 351 losamwsgis) (595 iS5 0 035 5 —
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Incidence by sex (%)

Target organ vulnerability
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Sex-based Differences in Autoimmunity
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Immune o . NK, CD8 cells CD4, B cells
Response plgenetio CD4 Treg Thi, Th2
Innate Chanees Th17 ERa, ERB, PPARy expression
Adaptive miRNA Protectionfrom T | T cell proliferation
o cell activation X-linked Immune gene activatiol
Hormonas TLR2,4 (FoxP3, CD4O0L, IL-2RG, IKBKG)
TLR3,7,9

Environmental
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Sncking Cancers
Autoimmunity
X-linked diseases

Microbiota

Sex-based Differences

Hormones =~ Immuneresponse =~ Immune outcome

Immune effect Improved cell
High dose Estrogen mediated disease
(as seen in
nancy) Worsened antibod!
Y Cytoprotection mediated dissasey
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Anti-
Progesterones inflammatory
Beneficial to
Immune effects Y,
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Pregnancy

- during this, @ mount more of a T,2-like response

- the change in hormones creates an anti-inflammatory
environment (high cortisol levels)

- Ndiseases enhanced by T,2-like responses and Vdiseases that
involve inflammatory responses
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axis hypothalamic—pituitary—adrenal (HPA)

Sl U9 595 9 09 ) sSi)sS Jito aS9Sei )9S sS oIS Ral 58l sl pw pY
ol 180 3 g il o

U9y 9 Migileg) i)l S auS £9 pb I S TgleSole (Slem piml

leogoson mbw 9 L jtaensl 59 55 O2dla, *

Neuro-Immuno Interactions

Molecule Secreted by Receptors Expressed by Action
Substance P Dermal neurons SALT/MALT T cells, mast cells, and other TIL-1, IL-6, TNF
leukocytes T Mast cell degranulation

1 LC homing to skin
1 Vasodilation and venule permeability

CGRP Dermal neurons SALT/MALT macrophages, T, B, and NK cells | Macrophage TNF, IL-6, IL-12, but { IL-10
1 NK killing
| T cell proliferation
| LC homing to skin

c-MSH Activated keratinocytes, LCs Monocytes 1 IL-1, IL-6, IL-12, TNF, IFNvy, but T IL-10
| B7, MHC class |
| NO preduction
| CHS reactions

NGF Keratinocytes, gut and dermal Neurons 1 Survival
fibroblasts, activated 1 Regeneration
mast cells 1 Responsiveness

Crohn's dissase
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Incidence of autoimmune disorders (%)
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Increasing Autoimmune Disease Incidence in the Developed World

The incidence in developed countries of several common AID, including MS, CD, and
T1DM has increased dramatically over the past five decades. For each curve, the
starting incidence has a value of 100%. Incidence in later years is expressed as a
percentage of the starting incidence.
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