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Tolerance and
Autoimmunity



Objectives

* Define and discuss the general characteristics of tolerance
e Define the main factors that influence the development of tolerance
* |dentify the main mechanisms of tolerance induction in Band T cells

 |[dentify the mechanisms involved in the development of
autoimmunity

* Approach to treatment of autoimmune diseases
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Balancing lymphocyte activation and control

JE Faplhida
pathogenJ Activation Tolerance
Effector T cells Regulatory T cells

v
No response to self
Controlled response to
pathogens

Nor'rnalv: reactions
against pathogens

Inflammatory
disease, e.g. reactions
against self
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The importance of immune regulation

+ To avoid excessive lymphocyte activation and tissue
damage during normal protective responses against
infections

+ To prevent inappropriate reactions against self antigens
("self-tolerance”)

* Failure of control mechanisms is the underlying cause of
immune-mediated inflammatory diseases (autoimmune
diseases)



General principles of controlling immune
responses
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General principles of controlling
immune responses

* Responses against pathogens decline as
the infection is eliminated
- Apoptosis of lymphocytes that lose their
survival signals (antigen, etc)

- Memory cells are the survivors
¢ daxiy 5
chronic s tumors & Jba 13 3 5 e persistent antigen e oS 13
) Jlie 55 8 immune systemd) celiresponsed s (&) = ¥) infection
aa (aidy s awalld chronic J acute o« cased) J s»ié Tolerance (& owa 7o) p=la
responsivenessd!

+ Active control mechanisms may function
to limit responses to persistent antigens
(self antigens, possibly tumors and some
chronic infections)

- Often grouped under “tolerance”



» Immunological tolerance: specific unresponsiveness
to an antigen that is induced by exposure of
lymphocytes to that antigen (tolerogen vs
immunogen)

- Autoimmunity: immune response against self (auto-)
antigen, by implication pathologic autoimmune diseases

- Disorders are often classified under “immune-
mediated inflammatory diseases”

L i 7 55k s autoreactivity baie S 138 thymusd) o L Lila 4l 3 lymphocytesd
Gk o sl apoptosisd! Gk oe e slaaidll A Wil 4l (e s self antigendh

full =% Wé no more signaling = (anergy) 1583 13 e WSS ) processd!
autoreactivity oS e Bone marrowdy L JI B celld) <l 13 (Sas 5l response
self antigen Jb ki 5 Jhaii Susy ie i receptorsd! editing be yaas (Seas B cellsd)!

Regulatory T J differentiation & _w=: autoreactivity e J 23U pathway 2 s » s
Jezty dla 5 peripgeral tissued! ¢ 545 central organsd! ¢« adllah el a2 cells
. Immunosuppression



O D WN =

specific =
unresponsiveness

Tolerogen versus Immunogen, " 9%

Immune response

Both are antigen + Both induce Tolerance—

Tolerogen: antigen that induce tolerance
Immunogen: antigen that induce immune response

The same chemical compound can be an immunogen
or tolerogen depending on how it is presented to

. *If this substance
the immune system that has both

Factors promoting tolerance rather than  tendencytoactas

Tolerogen or as

STifI’\UlCl‘l‘ion Of immune SYSTem inCIUde: immunogen if it's

H . exposed to the

. High dose of antigen mmune system in a
. Persistence of antigen in host large amount this
will trigger to act

. Intravenous or oral introduction more as a tolerogen
. antigend) dee & 2cludy & I or trigger to act

. Absence of adjuvants —— 4 1Ly absenceJémore lymphocyte to
. . _ chemical compound to J! bind to antigen and

. Low level of CO-S"'IIT\U'G?IOHact more tolerogen rather suppress
slall ALl v than immunogen lymphocyte

(ladl Ll 4lasy)



*If it's given IV or Oral route and high dose also will suppress
Immune response to the antigen

Co-stimulation : Help to let the cells more differentiated and
axeluy = e low level J¢ more be activated T lymphocytes
. compound to act more tolerogen rather than immunogend)



Central and peripheral tolerance
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Central tolerance

 Lymphocytes that see self antigens
before they are mature are either
eliminated or rendered harmless

* Probably continues to occur at some level
throughout life (as new lymphocytes are
produced from bone marrow stem cells)

(AIRE) autoimmune regulatory protein e Saie pathwayd! 2 e 4 g guall cilisi g ull sla
* Role of the autoimmune regulatory

(AIRE) protein in thymic expression of
some tissue antigens



Mechanism of Central tolerance

» The principal fate of lymphocytes that
recoghize self antiaens in the generative
organs is death (deletion):

+ Some B cells may chanae their °
specificity (called "receptor editing™)

3

« Some CD4 T cells mav differentiate into

regulatory (suppressive) T lymphocytes



Al e gqutoreactivity against antigen Laie o< 3 J o
immune Jde=i s harmful reactionsd) a8 S peripheral tissued!
infectiondle (aii 4eliall LA L 22 sUppression

Thymic ("natural”) regulatory T cells
(Treg)

+ Development requires recognition of self
antigen during T cell maturation

* Reside in peripheral tissues to prevent
harmful reactions against self-antigen
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1. T cell anergy

Antigen recognition T cell response
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2. Apoptosis "Activation-induced cell death”
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survival proteins
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induced
cell death:
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of pro-apoptotic
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3. Regulatory T cells
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Regulatory T cell subsets
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- Natural regulatory T cells express the cell-surface marker CD25 and the
transcriptional repressor FOXP3 (forkhead box P3).

- regulatory T cells include distinct subtypes of CD4+ T cell:

1. T regulatory 1 (Tr1) cells, which secrete high levels of -, no IL-4 and
no or low levels of IFN immune response J! inhibition & 4itiae L8 o83 L (g

2. T helper 3 (Ty3) cells, which secrete high levels of TGF (Tumor Growth Factor)

3. CD8+* T cells a subtype of these cells can secrete IL-10 and have been
called CD8+ reqgulatory T cells.



Properties of peripheral regulatory T
Ol sl sl 4 :Genotype
sl el ) ety N dsall sa :Phenotype Cel IS

e (sl g
* Phenotype: CD4, high IL-2 receptor (CD25), low IL-

7/ _receptor e

+ Develop from mature CD4 T cells that are exposed
to persistent antigen in the periphery

* May be generated in all immune responses, to limit
collateral damage

- Mechanisms of action: cytokines siclos st cas

- secretion of immune-suppressive cytokines ,
will not induce immune system it will suppress J s

: o ) immune system
- inactivation of _ or_responding

|\/mphocy'|'es more immune Ue Laa Jis macrophaged! s€ inactivation Jdesi:
o ’ immune responsed! —ais inactivation lesi o4 response

Some autoimmune diseases are associated with
defective generation or function of Tregs or
resistance of effector cells to suppression by Tregs
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Signals for the generation and
maintenance of regulatory T cells

- Antigen recognition

+ T6F-B

+ Interleukin-2 (originallv identified as T
cell growth factor; major function is to

control immune responses bv maintaining
functional Treg: works via Statb)

- Low levels of B7: CD28 costimulation

aclun g differentiationd) (2 pee 5o Al

. Transcr‘ipfion fGCTOf' Foxp3 Tcellsd! differentiation s

regulatory T cellsd

- Many activated T cells (not only Treg) may
transiently express Foxp3




Central and peripheral Tolerance in B cells

autoreactivity J aia Sx
Ll ey 43) e lymphocyte
Sillé vl recirculation

: ) e aan s

Central tolerance
(bone marrow)

Peripheral tolerance
(lymphoid organ: spleen, lymph node)

L |later on

Follicular
exclusion

Self-reactive

B lymphocytes
Self
antigen

© Elsevier. Abbas et al: Cellular and Molecular Immunology 6e - www.studentconsult.com



Autoimmune Diseases



Introduction

* Chronic diseases with prominent inflammation, often
caused by failure of tolerance or regulation

« Affect 2-5% of people, incidence increasing

« Autoimmune diseases are a major threat to the
health of all peoples.

e At least 10 millions Americans suffer from more than
eighty illnesses caused by autoimmunity.

-+ Result from immune responses against self antigens
(autoimmunity)

* May be caused by T cells and/or antibodies

* May be systemic or organ-specific

* These diseases often become chronic and self-
perpetuating



Examples of Autoimmune diseases
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Classification of Autoimmune diseases

Can be classified into clusters that are either organ-specific or systemic

Organ-specific autoimmune diseases

Systemic autoimmune diseases

Hyper Graves' disease }Thyroid
Hypo Hashimoto's thyroiditis | gland
Autoimmune pernicious anemia sxally
Autoimmune Addison's disease sl
Vitiligo s
Myasthenia gravis <>l

Type | diabetes mellitus ., < Rheumatoid arthritis
Goodpasture's syndm% +kidne \J Scleroderma
Multiple sclerosis™="> ¢ Systemic lupus erythematosus “=uf;
glodl Primary Sjogren's syndrome citis

Polymyositis




Examples of organ specific

bleeding
| | Lungs of a
Hashlmoto_’s_d_lsease Vitiligo patient with
(thyroiditis) Goodpasture’s

Hashimoto's disease

Enlarged, inflamed
hypofunctioning
thyroid (goiter)

thyroidd) LS Ja (goiter) sea v
05 oS5 el expulsion seas v
Hyperdw S




Example of systemic Autoimmunity

Affect mainly females

SLE (systemic Lupus Erythrematosus) it 425 L
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Pathogenesis of autoimmunity
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1. Genetics of autoimmunity

* Human autoimmune diseases are complex
polygenic traits

- Some polymorphisms are associated with
multiple diseases. Other genetic
associations are disease-specific

° Examples s Crohn’s diseased! @Y (1w %25 (e J s 48 polymorphismd) ces s

*NODZ2: polymorphism associated with ~25%

of Crohn’s disease
*PTPN22: polymorphism in RA,SLE

(Protein Tyrosine Phosphatase

Non receptor 22) _
genetic factord! DM1J) 43l | Ssy a6

4 GV Gl ot Ll sane (e oS 50 ol



Pathogens:
z32 M protein Wais &8 Ll Wb RFJeds streptococcal infection S
IgGJ)s IgGJ (s oS &bl (3% Jad 338 awalld Qlille cardiac cellsdb &
damamgingd ¢ 2y cardiac celllsde 2525l M proteind! e has 752
disease = valvedls cardiac cellsd!

Drugs:

Slow metabolism atais ) duald

Toxins:
o g | 6318 g &gl 43d (S (@, @) alanine 2 (S5 oil Vs Ada Ly < jla 3 jalla B
i) die Jlua oild) A4 3asa sall Toxind) ey (i) S ) Gulale
(lung disease,eosinophilia,excessive IgE)



2. Environment

* Pathogens, drugs, hormones, and toxins are just a
few ways that the environment can trigger
autoimmunity

1. Drugs: Drug induced lupus
2. Toxins: Toxic Oil Syndrome (TOS)

* Occurred in Spain in 1981 after people ate
contaminated olive oil

* People developed unique illness marked by lung
disease, eosinophilia, and excessive IgE

3. Hormones: - are much more likely to
develop autoimmune illness

- Hypothesus estrogen response elements (EREs)
abirag (xx chromosome) Vstesy femalesd! 43

in several genes Judia) 432 3gd xxJ) ae i % autoimmune diseased)
il 1)) Al femaledy autoimmune diseasedn ita)
hormones &l



3. Infections and autoimmunity

* Infections trigger autoimmune reactions
o o o o o 44 \jJ.A}QLu\JJ&
* Autoimmunity develops after infection is ... & iiectiony
eradicated (i.e. the autoimmune disease is  autoimmune J
precipitated by infection but is not directly <™ fseases
Rl el oaxa AS

caused by the infection) SV sla haY Cis

« Some autoimmune diseases are prevented by
infections (type 1 diabetes, multiple sclerosis,
others? -- increasing incidence in developed
countries): mechanism unknown

« The “hygiene hypothesis”

\ 4

low hygiene conditione | sdwes A WUl ) glasy
AlaY) Jlaial 43 | ha dalay JS) SlaY | slaw)

i )8 e Lagaly autoimmune diseasedu
infectiond! 4l 4uxa i | sha (SI mechanismd)!
CAadlaally Hea caldy S



Rheumatic fever is
a classic example
of molecular
mimicry

Group A Strep present in
throat infection; expresses
large amounts of M protein

Large amounts of IgG produced
against M protein on Strep

=

Antibodies against M protein
can bind to molecules on
cardiac cells that are very
similar to M protein

Antibody-induced injury to
heart valves and sarcolemma




Pathophysiology of Immune-mediated
diseases

*The nature of the disease is determined
by the type of dominant immune response

roal e (sl pge 9 nliy

/

« Thl  response: inflammation, autoantibody production:
autoimmune diseases

« Th2 response: IgE+eosinophil-mediated inflammation: allergic
reactions

* Th17 response: acute or chronic inflammation: increasingly
recoghized in immune-mediated diseases




1. Hashemot's thyroditis

thyroid J! aaled: 7 5 % ~ualls circulating Ab sxie Gl ¢ 5S

- L s protein
* Individual produce autoantibodies and sensitize

Th1 cells specific for thyroid antigen

+ Antibodies re-formed against thyroid proteins
including thyroglobulin and thyroid peroxidase.
Binding of these antibodies to these proteins
interferes with iodine uptake leading to
hypothyroidism

* Intense infiltration of thyroid gland with
lymphocytes, macrophages, and plasma cells

+ Inflammatory response leads to goiter and
hypothyroidism
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2. Autoimmune anemias

It includes pernicious anemia, autoimune hemolytic
anemia and drug induced hemolytic anemia

Pernicious anemia is caused by antibodies to (\'
intrinsic factors on gastric parietal cells whic
blocks vit B12 absorption necessary for
haematopoiesis.

Autoimmune hemolytic anemia results from
autoantibodies to RBCs antigens triggering
complemnt mediated lysis or antibody mediated
opsonization and phagocytosis

Certain drugs like penicillin or methyldopa induce
hemolysis of RBCs

33 2 sall parietal cellsdb 25> 54l intrinsic factord! sale Abd) 43
ds.u D) block AJJLA 1Al B12J) uabaiay) “\:ﬂ.&u Lg‘)j‘)..aj\ oJMj\_i
anemia _pad J g el peall aall LA aiat s B12J) pabaial




3. Goodpastuare’'s syndrom

Autoantibodies specific for basement membrane

, . . . AbJ L G
antigens of kidney glomeruli and alevoli anticend:

Complement activation and inflammatory response
induce cellular damage leading to progressive
kidney damage and lung hemorrhage

4 TDDAM (nsulin Dependent DM 1)

Immune response against beta cells of Langerhans
islets in pancreas

The autoimmune attack induces damaage of beta
cells with decrease production oflinsulin which

leads to increased levels of|blood glucose

50 S Ayl e 0 § ma S ikl



5. 6raves' disease .7

+ In Graves' disease autoantibodies binds receptors
for TSH and mimic the normal action of TSH

resulting in the production of thyroid hormones

thyroid J) 2 » 4 ks » G receptord! s receptordb by = 5 2 W TSHJ
more uptake Lra: S b5 thyroid hormonesd! production
iodineJ!

6. Myasthenia gravis

 Autoantibodies that bind the acetylcholine
receptors on the motor end of muscles blocking
the normal binding of acetylcholine and induce
compliment mediated lysis of cells

 This results of progressive weakness of the

muscles dilation s smooth musclesd! contraction Jes: receptordh b Wi Achd)
receptord e block ©le s auto Abdl <al 131wl blood vesselsd!

contraction _x=: Jn 43¥ progressive weakness of the muscles r<:
Almally JLS (6 ) jmay JUlL Aliaal) o455 ) Led juay




5an 5 5yl oLt 10 JS Ly el ie )y
I > (125-40)2%?&: 7. SLE

S A N
 Autoantibodies against DNA, histones, RBCs,

WBCs, platelets manifested mainly by systemic
vasculitits and glomerulonephritis

Jsa A2 skin,joints,brain.kidneydu JSlie juatd Lewss 33 92 sall healthy tissued) abazs anlgh
e Jaiddy Le (SI) g Jialial) aa 55 de jun s agen 95 s g rash aglalha de jun aedll Gaulis HiS il
Ay yall oy S Aa e e ia yalld JSUIe agd yams DlOOd Vesselsdls S Ael )y s oIS Jidl (5255 aSas
Gl a4 WL & 5l Alasl)

8. Rheumatoid arthritis

(sLuill Lals diss 501 20 ) Gl LS Lals iy
¥l liat addie jyay
 Autoantibodies called rheumatic factor of IgM
class react with determinants on the FC portion of
Ig6. IgM/ Ig6 complex deposited on joint surface

|eﬂdmg to arthritis .. L ;i i anti cancer drug s ' methotrexate aglldaxis
RAJL e sl (il (80) RA! g3k b 5 S padins st Ll cancer

Q g s Vi dglad 2L OAS (e g ¢ AQY 0dgd eligl) ] ( cancerd e abias,
aSiled (ya By LA ) guai Y g smNL B e A e Gla 4 ) Dl 815k RAJL (52




