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Common Autoimmune Diseases

Disease Disease mechanism Consequence Prevalence
o : : o : : Inflammation of skin with formation of scaly :
Psoriasis Autoreactive T cells against skin-associated antigens patches or plagues 1in 50

] i Autoreactive T cells and autoantibodies B . ; ; e .
Rheumatoid arthritis against antigens localized to joint synovium Joint inflammation and destruction causing arthritis 1in 100
' Autoantibodies against the thyroid-stimulating- — ; ; ;
Graves' disease hormone receptor Hyperthyroidism: overproduction of thyroid hormones 11in 100
; ' — Autoantibodies and autoreactive T cells against Destruction of thyroid tissue leading to hypothyroidism: .
Hashimoto's thyroiditis thyroid antigens underproduction of thyroid hormones 1in 200

Systamic aols Autoantibodies and autoreactive T cells against
e?ythematos%s DNA, chromatin proteins, and ubiquitous Glomerulonephritis, vasculitis, rash 1in 200
ribonucleoprotein antigens
v : . Lymphocyte infiltration of exocrine glands, leading to
Sjogren's syndrome ﬁﬂmﬁfggﬁﬁfﬂgn?f tgr:gactwe 17eells againet dry eyes and/or dry mouth; other organs may be 1in 300
9 involved, leading to systemic disease
Crohn’s disease Autoreactive T cells against intestinal flora antigens Intestinal inflammation and scarring 1 in 500
_ ‘ _ . Fo_rmation of _sclerotic pl_aques in brain and _spinal cord
Multiple sclerosis Autoreactive T cells against brain and spinal cord with destruction of myelin sheaths surrounding nerve 1in 700
antigens cell axons, leading to muscle weakness, ataxia,
and other symptoms
Type 1 diabetes : . L . L .
(insulin-dependent Autoreactive T cells against pancreatic islet cell Destruction of pancreatic islet p cells leading to 1in 800

diabetes mellitus, IDDM)

antigens

nonproduction of insulin

Figure 15.1 Janeway’s Inmunobiology, 9th ed. (© Garland Science 2017)




Autoimmunity

Autoimmunity is the consequence of the
loss of self-tolerance

Types of tolerance:

— Central tolerance
* Thymus (positive and negative selection)

— Peripheral tolerance

 Periphery/circulation (lack of co-stimulation,
regulatory T cells)




Central Tolerance

T-Cells tolerate tissue specific antigens

Individual organs of the body
express tissue-specific antigens

In the thymus, T cells arise
capable of recognizing
tissue-specific antigens

Under control of the AIRE protein,
thymic medullary cells express
tissue-specific proteins, leading to
deletion of tissue-reactive T cells

In the absence of AIRE, T cells
reactive to tissue-specifc
antigens mature and
leave the thymus
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Figure 15.4 Janeway’s Inmunobiology, 9th ed. (© Garland Science 2017)



Central Tolerance

Auto-reactive B cells are deleted in the bone marrow
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No
self reaction

Multivalent
self molecule

Soluble
self molecule

Low-affinity
non-cross-linking
self molecule

) |
"
)

) ¢

IgM IgM ' IgM Y igm o
< = = = < = < =
Migrates to Clonal deletion or Migrates to Migrates to
periphery receptor editing periphery periphery
< = 2 = < = < =
W
low
Bnormal
or
pi ) :
Apoptosis or generation Mature B cell

Mature B cell

of non-autoreactive
mature B cell

AnergicB cell

(clonally ignorant)

Figure 8.12 Janeway's Inmunobiology, 8ed. (© Garland Science 2012)




Mechanisms of Peripheral Tolerance

Immunological

Normal 2
ignorance

Deletion Inhibition Suppression

el =l el =l ==
Anatomical barrier
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CcD28 CcD4

Activated T cell Ignorant T cell Apoptosis No activation No activation

Figure 25-1 Case Studies in Immunology, 5ed.(© Garland Science 2008)



Immunologically Privileged Sites

Regulation:

1. Physical barrier

Immunologically privileged sites «  Extracellular fluid does not pass

through lymphatics

Brain Tissue barriers which exclude naive
Eye lymphocytes
Testis 2. Soluble factors (cytokines)

TGFp induces Treg

Uterus (fetus)

——— 3. FasL expression
Apoptosis of Fas bearing
lymphocytes



Damage Induced Auto-Immunity

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

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

Figure 15.8 Janeway’s Immunobiology, 9th ed. (© Garland Science 2017)



Regulatory Tolerance

Regulatory tolerance
T cell specific for self
T cell specific for self or commensal
antigen recognized in microbiota antigen
thymus becomes a recognized in
natural regulatory presence of TGF-p
T cell (NTreg) becomes an induced
regulatory T cell (iTsq)
TGF-p
thymus periphery

Cytokines (IL-10 and TGF-$) produced by
Treg cells inhibit other self-reactive T cells
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Figure 15.9 Janeway's Immunobiology, 9th ed. (© Garland Science 2017)




Regulatory Tolerance

Impairment of Treg responses stimulates autoimmunity

» | Autoimmunity

Inadequate numbers of T, cells

* | T, cell development (4 CD28, IL-2, TGFP
and EJCE}

» | Proliferation or 4 survival (4 y-chain cytokines)

+ Instability of the T, cell phenotype

No
autoimmunity

> ,_._ﬁ.ut_oimmunit_)ﬁ

ETE—— Defective L cell function
Palanced » Failed contact-dependent suppression
immiine | | » 4 Soluble factors (IL-10, TGFf and IL-35)
| response

P> | Autoimmunity

Resistant effector T cells
« T Cytokines (IL-2, IL-4, IL-6 and IL-15)
» Cell lineage (T,17 cells)

Nature Reviews Immunology 10, 849-859 (2010)
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Autoimmunity: Contributing Factors

Infection and
Genetic factors environmental
exposure
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Autoimmunity

sl nobiology, 9th ed. (© Garland Science 2017)



Develop of Auto-Immune Disease

Auto Immunity arise spontaneously in genetically autoimmune-prone
individual

* Unknown triggers
Self antigen targets can be identified
Infection is a trigger for autoimmune
* Molecular mimicry
 Damage tissue barrier
 DAMP provide costimulation to Naive B cells
* Pro-inflammatory environment
* Presentation of self antigen
« Present self antigen in a immunological active form
« Activation of self reactive cells- cytokines
e Suppression of Treg



Infections Can Induce Autoimmunity
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Figure 15.42 Janeway's Inmunobiology, 9th ed. (© Garland Science 2017)



Molecular Mimicry

Make hybrid gene of LCMV
nucleoprotein (NP) expressed
from insulin promoter

Make transgenic mice
that express NP only
in the pancreatic p cells

Inject LCMV into mouse.
NP-specific CD8 T cells are
activated by LCMV infection

LCMV nucleoprotein

(NP)
I
rat insulin
promoter

I7

o

|
pancreas

NP is expressed only in
B cells and provokes
no T-cell response

>
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Figure 15.43 Janeway's Immunobiology, 9th ed. (© Garland Science 2017)

Activated CD8 T cells
infiltrate islets and Kkill
B cells expressing NP;
this results in diabetes




Molecular Mimicry
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A Defect in a Single Gene Can Cause Autoimmunity

Single-gene traits associated with autoimmunity

Gene Human disease Mouse mutant or knockout Mechanism of autoimmunity

) Decreased expression of self antigens in the thymus,
Lt APECED (APS-1) Knockout resulting in defective negative selection of self-reactive T cells

Association with Graves’ disease, Failure of T-cell anergy and reduced
CTLA4 type 1 diabetes, and others Knockout activation threshold of self-reactive T cells
FOXP3 IPEX K"°°"°”(ts§3f_’mm”ta“°” Decreased function of CD4 CD25 regulatory T cells
FAS ALPS IprApr; gld/gld mutants Failure of apoptotic death of self-reactive B and T cells
Clg SLE Knockout Defective clearance of immune complexes and apoptotic cells
Defective autophagy/clearance of bacteria by innate
ATG16L1 1BD Hypomorph cells in intestines
IL10RA, IL10RB IBD Knockout Defective IL-10 signaling; impaired anti-inflammatory response
INS Tvpe 1 diabetes None Decreased expression of insulin in thymus;
yp impaired negative selection

Figure 15.36 Janeway's Inmunobiology, 9th ed. (© Garland Science 2017)

APECED, autoimmune polyendocrinopathy—candidiasis—ectodermal dystrophy;
APS-1, autoimmune polyglandular syndrome 1;

IPEX, immune dysregulation, polyendocrinopathy, enteropathy, X-linked syndrome;
ALPS, autoimmune lymphoproliferative syndrome;

SLE, systemic lupus erythematosus;



HLA Serotype Bias in Autoimmunity

HLA- and gender-associated risk for autoimmune disease
Disease HLA allele Relative risk Sex ratio (9:g')
Ankylosing spondylitis B27 87.4 0.3
Type 1 diabetes DQ2 and DQ8 ~25 ~1
Goodpasture’s syndrome DR2 15.9 ~1
Pemphigus vulgaris DR4 14.4 ~1
Autoimmune uveitis B27 10 <0.5
Psoriasis vulgaris CW6 i ~1
Systemic lupus erythematosus DR3 5.8 10-20
Addison’s disease DR3 5 ~13
Multiple sclerosis DR2 4.8 10
Rheumatoid arthritis DR4 4.2 3
Graves’ disease DR3 3.7 4-5
Hashimoto's thyroiditis DR5 3.2 4-5
Myasthenia gravis DR3 25 "
Type | diabetes DQ6 0.02 ~1

Figure 15.37 Janeway's Imnmunobiology, 9th ed. (© Garland Science 2017)



HLA Bias in Type | Diabetes

Healthy controls

Diabetes

DR4/x
(17.5%)

Protective

DR2/x
(30.3%)

DR3/x
(24%)

DRx/x
(25.7%)

DR3/4
(2.5%)

Figure 15.38 Janeway's Immunobiology, 9th ed. (© Garland Science 2017)
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Amino Acid Changes MHC Il Correlate with
Susceptibility to And Protection From Diabetes

Position 57 of the DQpP chain affects
susceptibility to type 1 diabetes mellitus

Associated with resistance to TIDM

Figure 15.40 Janeway's Immunobiology, 9th ed. (© Garland Science 2017)

Associated with susceptibility to T1DM




Immune Deficien

cy and Autolmmune

Failure to keep microbiota in check causes Crohn’s disease
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Figure 15.41 Janeway’s Inmunobiology, 9th ed. (© Garland Science 2017)




Defects in Cytokine Production
Can Cause Autoimmunity

Defects in cytokine production or signaling that can lead to autoimmunity

Cytokine
Defect receptor, or intracel'lular signal Resuit
i Inflammatory bowel disease,
(B arthritis, vasculitis
IL-2, IL-7, IL-2R Inflammatory bowel disease
IL-3 Demyelinating syndrome
Overexpression
IFN- Overexpression in skin
v leads to SLE
IL-23R Inflammatory bowel disease, psoriasis
STAT4 Inflammatory bowel disease
TNF-a SLE
IL-1 receptor agonist Arthritis

Underexpression

IL-10, IL-10R, STAT3

Inflammatory bowel disease

TGF-B

Ubiquitous underexpression leads
to inflammatory bowel disease.
Underexpression specifically in

T cells leads to SLE

Figure 15.32 Janeway’s Immunobiology, 9th ed. (© Garland Science 2017)
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Origin of Autoimmune Diseases

Autoimmune diseases involve all aspects of the immune response

Disease T cells B cells Antibody

Systemic lupus erythematosus Helga;[gr(]gﬁ?iigody Pretsct)el}t cE:l:IJI['isgen Pathogenic
Type 1 diabetes Pathogenic Pretsg '}t ggl’ltggen I:(;Fesir:]télgg;[
Myasthenia gravis Help for antibody | Antibody secretion Pathogenic
Multiple sclerosis Pathogenic Prefct)e "Tt g{;’ltisgen I;;Fesir:wtélgg:

Figure 15.15 Janeway's Immunobiology, 9th ed. (© Garland Science 2017)



Autoantibodies Stimulating or Blocking Receptor Function

Diseases mediated by antibodies against cell-surface receptors

Syndrome Antigen Antibody Consequence Target cell
Graves' disease Thyroid-stimulating Agonist Hyperthyroidism Thyroid
hormone receptor epithelial cell
Myasthenia gravis Acetylcholine Antagonist Progressive muscle Muscle
receptor weakness
Insulin-resistant diabetes | Insulin receptor Antagonist Hyperglycemia, All cells
ketoacidosis
Hypoglycemia Insulin receptor Agonist Hypoglycemia All cells
T Receptor-bound . Persistant
Chronic urticaria IGE o IgE receptor Agonist itchy rash Mast cells

Figure 15.23 Janeway's Immunobiology, 9th ed. (© Garland Science 2017)




Myasthenia Gravis
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Figure 15.22 (part 1 of 2) Janeway’s Immunobiology, 9th ed. (© Garland Science 2017) Figure 15.22 (part 2 of 2) Janeway’s Immunobiology, 9th ed. (© Garland Science 2017)



Autoantibodies Can Transfer Autoimmunity

Blood is taken
from patient with
myasthenia gravis

i

R e —
ﬁ/ﬁ
Peripheral blood Separated blood

ine receptor as
target for autoantibodies

Figure 15.11 Janeway's Immunobiology, 9th ed. (© Garland Science 2017)



Graves Disease

Constitutive production of thyroid hormone
- activating autoantibody

The pituitary gland secretes
thyroid-stimulating hormone (TSH),
which acts on the thyroid to induce

the release of thyroid hormones

Autoimmune B cell makes antibodies
against TSH receptor that also stimulate
thyroid hormone production

pituitary

thyroid

thyroid
@ hormones @

s 7 4O

= =

= =

Thyroid hormones act on the hypothalamus
and the pituitary to shut down production
of TSH, suppressing further thyroid hormone
synthesis (feedback suppression)

Thyroid hormones shut down TSH production
but have no effect on autoantibody
production, which continues to cause
excessive thyroid hormone production
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Figure 15.21 Janeway's Immunobiology, 9th ed. (© Garland Science 2017)




Transplacental Antibody Transfer
Can Induce Autoimmunity in Infants

Patient with Graves' disease
makes anti-TSHR antibodies

Transfer of antibodies across
placenta into the fetus

Newborn infant also suffers
from Graves' disease

Plasmapheresis removes
maternal anti-TSHR antibodies
and cures the disease

i

Figure 15.14 Janeway's Immunobiology, 9th ed. (© Garland Science 2017)




Antibodies Specific for Cell-Surface Antigens
Can Destroy Cells

Autoimmune hemolytic anemia
Erythrocytes bind anti-erythrocyte
autoantibodies

Bre

fo——

Autoantibodies
activate complement;
antibody- and Gomplement
complement-coated activation and
erythrocytes are intravascular
targeted for hemolysis
destruction by
macrophages in
spleen

CR1 FeR
!

2 =
AV NS
Phagocytosis and Lysis and

erythrocyte destruction erythrocyte destruction

Figure 15.20 Janeway's Immunobiology, 9th ed. (© Garland Science 2017)



Autolmmune is Selt Amplifying

Circulating B cell binds
self antigens released
from injured cells

B cell is activated by
a T cell specific for
self peptide

B cells differentiate into
plasma cells, secreting large
amounts of self antigen-
specific antibody

At sites of injury, self antigen-
specific antibody initiates an
inflammatory response,
causing more cell injury

More B cells bind self
antigens, amplifying the
cycle of tissue damage
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Figure 15.16 Janeway's Immunobiology, 9th ed. (© Garland Science 2017)




Autolmmune is Broadening: Epitope Spreading

H1-specific DNA-specific

B cell
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Figure 15.17 Janeway's Inmunobiology, 9th ed. (© Garland Science 2017)




Sometimes It Is Lupus!
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Systemic Lupus Erythematosus Is Characterized by
Autoantibodies to Conserved Nuclear Antigens
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Deposition of Immune Complexes
Leads to Renal Failure-SLE

Basement membrane thickening Anti-immunoglobulin
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Figure 15.26 Janeway's Immunobiology, 9th ed. (© Garland Science 2017)



T Cell Mediated Disease

Some common autoimmune diseases classified by immunopathogenic mechanism

Syndrome

Autoantigen

Consequence

T-cell-mediated disease

Type 1 diabetes

Pancreatic
B-cell antigen

B-cell destruction

Rheumatoid arthritis

Unknown synovial
joint antigen

Joint inflammation
and destruction

Multiple sclerosis

Myelin basic protein,
proteolipid protein,
myelin oligodendrocyte
glycoprotein

Brain and spinal cord invasion
by CD4 T cells, muscle
weakness, and other
neurological symptoms

Crohn’s disease

Antigens of intestinal
microbiota

Regional intestinal inflammation
and scarring

Psoriasis

Unknown
skin antigens

Inflammation of skin with
formation of plaques

Figure 15.19 (part 3 of 3) Janeway's Immunobiology, 9th ed. (© Garland Science 2017)




Type | Diabetes




Multiple Sclerosis

Unknown trigger sets up initial T cells specific for CNS antigen . :
focus of inflammation in brain, and activated in peripheral Inf%n;n;:iﬁ;yﬂmaﬂm;ﬂ:mrﬁ i Demnvelination of neurons
alnd II)IIood-braiI;) Il;arn‘ular I:(ecomas nlymphold tlsstg:s reeqcounlt_er activation, complement activation ye e
ocally permeable to leukocytes antigen presented on microglia or i ) : ’
ya’nﬁi blood proteins dendritic cells in brain antibodies, and cytokines

ﬂ ¥ " v \ neuron

T cell
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microglial cell
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C1 =& brain
; ﬁ \% tissue

Figure 15.28 Janeway's Immunobiology, 9th ed. (© Garland Science 2017)




Autoreactive T-Cells Can Transfer Autoimmunity

Mice injected with myelin

. : < : The disease is mediated b i i
Mous:;d afte: II|ndut:tmlnhlzuf rEhAEy (left), I::asm grote:in andtcgen;p:ete Ta17 and Tol cells specifig D'sf,;sfmc.?s'}e':eo;r?"fgﬁgmd
compared with normal healthy mouse reund's adjuvan elop ; - : C
EAE and are paralyzed for myelin basic protein from affected animal

IL-17 IFN-y ~ TNF-a

e

paralysis paralysis

Figure 15.12 Janeway's Immunobiology, 9th ed. (© Garland Science 2017)



Rheumatoid Arthritis

Synovial
membrane
with synovial
lining cells

Joint capsule
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Rheumatoid Arthritis

Unknown trigger sets up initial
focus of inflammation in
synovial membrane, attracting

Autoreactive CD4 T cells
activate macrophages, resulting
in production of

Cytokines induce production
of MMP and RANK ligand by

MMPs attack tissues.
Activation of bone-destroying

; . osteoclasts by RANK ligand
7 : pro-inflammatory cytokines and fibroblasts g :
leukocytes into the tissue sustained inflammation results in joint destruction
N~ T osteoclast
@ o
Q@
Wr-a¥'\° o~ ©
¥ IL-6
. W o
RANK
N MMP  ligand
N fibroblasts E' € .>a
cytokines ~é>
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e

Figure 15.29 Janeway's Immunobiology, 9th ed. (© Garland Science 2017)

Both B and T cells are involved in pathogenesis




Summary

« Adaptive immunity to self antigen
* Trigger largely unknown
* Progressive and self amplifying



Question

What can not be used to treat autoimmune
disorders?

A) neutralizing antibodies

B) immune suppressant

C) Cytokines

D) bone marrow transplantation
E) None of the above



	Outline
	Common Autoimmune Diseases
	Autoimmunity	
	T-Cells tolerate tissue specific antigens
	Auto-reactive B cells are deleted in the bone marrow
	Mechanisms of Peripheral Tolerance
	Immunologically Privileged Sites
	Damage Induced Auto-Immunity
	Regulatory Tolerance
	Impairment of TReg responses stimulates autoimmunity 
	Outline
	Autoimmunity: Contributing Factors
	Develop of Auto-Immune Disease
	Infections Can Induce Autoimmunity
	Molecular Mimicry
	Slide Number 18
	A Defect in a Single Gene Can Cause Autoimmunity
	HLA Serotype Bias in Autoimmunity
	HLA Bias in Type I Diabetes
	Amino Acid Changes MHC II Correlate with Susceptibility to And Protection From Diabetes 
	Immune Deficiency and AutoImmune
	Defects in Cytokine Production �Can Cause Autoimmunity
	Outline
	Origin of Autoimmune Diseases
	Slide Number 28
	Myasthenia Gravis
	Autoantibodies Can Transfer Autoimmunity
	Graves Disease
	Transplacental Antibody Transfer �Can Induce Autoimmunity in Infants
	Antibodies Specific for Cell-Surface Antigens �Can Destroy Cells
	AutoImmune is Self Amplifying
	AutoImmune is Broadening: Epitope Spreading
	Sometimes It Is Lupus!
	Systemic Lupus Erythematosus Is Characterized by Autoantibodies to Conserved Nuclear Antigens
	Deposition of Immune Complexes �Leads to Renal Failure-SLE
	T Cell Mediated Disease
	Type I Diabetes
	Multiple Sclerosis
	Autoreactive T-Cells Can Transfer Autoimmunity
	Rheumatoid Arthritis
	Rheumatoid Arthritis
	Summary
	Question

