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Hypersensitivity (Hypersensibility) = Immune Response
which cause tissue lessions

* Disorders caused by immune responses are called hypersensitivity diseases.

* This term arose from the clinical definition of immunity as sensitivity, which is based on the
observation that an individual who has been exposed to an antigen exhibits a detectable reaction,
or is sensitive, to subsequent encounters with that antigen

According to classification criteria:
e Onset

e Molecules or Cells involved

Immediate hypersensitivity (minutes --------- 2 hours) — umoral (IgE, IgG/M)

Delayed hypersensitivity (days) —cellular type (Th1 response)



Immune responses that are the cause of hypersensitivity
diseases may be specific for antigens from different sources:

* Autoimmunity: reactions against self antigens. Failure of the normal mechanisms of
self-tolerance results in T cell and B cell reactions against one’s own cells and tissues
that are called autoimmunity

* Reactions against microbes. Immune responses against microbial antigens may cause
disease if the reactions are excessive or the microbes are unusually persistent

* Reactions against nonmicrobial environmental antigens (pollen, HDM, fungal
allergens, animal Ag etc)- allergic diseases



Types of immune responses (Hypersensitivity Diseases)
(Gell-Coombs classification)

Hypersensitivity diseases are commonly classified according to the type of immune response and the effector
mechanism responsible for cell and tissue injury

TABLE 19-1 Classification of Hypersensitivity Diseases

Type of Hypersensitivity Pathologic Immune Mechanisms Mechanisms of Tissue Injury and Disease
Immediate: type | IgE antibody, Ty2 cells Mast cells, eosinophils, and their mediators (vasoactive
amines, lipid mediators, cytokines)
Antibody—mediated: type Il IgM, lgG antibodies against cell surface or Opsonization and phagocytosis of cells
extracellular matrix antigens Complement- and Fc receptor-mediated recruitment and

activation of leukocytes (neutrophils, macrophages)
Abnormalities in cellular functions, e.g., hormone receptor
signaling, neurotransmitter receptor blockade

Immune complex— mediated: Immune complexes of circulating antigens and Complement- and Fc receptor-mediated recruitment and
type Il IgM or IgG antibodies activation of leukocytes
T cell-mediated: type IV 1. CD4* T cells (Ty1 and Ty17 cells) 1. Cytokine-mediated inflammation

2. CD8*CTLs 2. Direct target cell killing, cytokine-mediated inflammation




Type 1 hypersensitivity reaction




LI\:IRMEEE  Principal mediators involved in type | hypersensitivity

Mediator Effects
PRIMARY
Histamine, heparin Increased vascular permeability; smooth muscle contraction
Serotonin (rodents) Increased vascular permeability; smooth muscle contraction
Eosinophil chemotactic factor (ECF-A) Eosinophil chemotaxis
Neutrophil chemotactic factor (NCF-A) Neutrophil chemotaxis
Proteases (tryptase, chymase) Bronchial mucus secretion; degradation of blood vessel basement membrane;

generation of complement split products

SECONDARY
Platelet-activating factor Platelet aggregation and degranulation; contraction of pulmonary smooth muscles
Leukotrienes (slow reactive substance Increased vascular permeability; contraction of pulmonary smooth muscles
of anaphylaxis, SRS-A)
Prostaglandins Vasodilation; contraction of pulmonary smooth muscles; platelet aggregation
Bradykinin Increased vascular permeability; smooth muscle contraction
Cytokines
IL-1 and TNF-a Systemic anaphylaxis; increased expression of CAMs on venular endothelial cells
IL-4and IL-13 Increased IgE production
IL-3,IL-5, IL-6, IL-10, TGF-B, and GM-CSF Various effects (see Table 12-1)
Table 15-3
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Clinical manifestation of HSR type |

Allergen: inhaled, ingested, parenteral

Local - mast cells accumulate in the airways, intestinal walls, tegument - RHS type
| occur at these levels (asthma, urticaria, AE, allergic rhinitis)

Systemic - anaphylaxis, vasodilation and fluid loss - shock




Local and systemic IgE-mediated allergic manifestation

IgE-mediated allergic reactions

Syndrome Common allergens | Route of entry Response
_ Drugs Intravenous (either ,ncreaﬁgg'{,‘gscu[ar
anaphylaxis Venoms oral absorption Tracheal occlusion
Peanuts into the blood) Circulatory collapse
Death
‘aari Animal hair Local increase in
AENtE E.il'thflI‘!a Insect bites Through skin blood flow and
(wheal-and-flare) S -
Allergy testing vascular permeability
TR Pollens (ragweed, Edema of nasal mucosa
ﬁ:ler?lc rhinitis timothy, birch) Inhalation Irritation of
(hay fever) Dust-mite feces nasal mucosa
Bronchial constriction
Danders (cat) . Increased mucus
Asthma Pollens Inhalation production
Dust-mite feces Airway inflammation
Tree nuts w
Vomiting
Shelfish Diarrhea
Food allergy Milk Oral Eil:’l:irclztaﬁa(l(tlﬁizgls%)
E?ghs Anaphylaxis (rarely)

Figure 12-1 Immunobiology, 6/e. (© Garland Science 2005)

ltching

Conjunctivitis

Rhinitis Angioedema

Laryngeal edema

Urticaria

Hypotension

|

Bronchospasm
(asthma)

Dysrhythmias

Gastrointestinal
cramps and
malabsorption

Angioedema

3 ‘_} ;}




PE 3 gl B

@ Flcovier Nairn & Halhart: Immunalnay for Madical Studante 26 - www chidentconault com

tudents 2e - www.studentconsult.com




Diagnostic of HSR type |

Polen de ierburi
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Basophil degranulation /activation test (BAT)

Basophil degranulation test

The basophil activation test (BAT) is an in vitro
functional assay that measures by flow cytometry the

degree of basophil degranulation after stimulation
with an allergen

Izolarea bazofilelor Incubarea celulelor Adaugarea Cuantificarea
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Botnaru V., Brocovschii V. Elemente de imunologie, 2020
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Treatment HSR I. Drug treatment of allergy

Antigen :
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Type 2 hypersensitivity reaction (cytotoxic)

Type Il hypersensitivity reaction refers to an antibody-mediated immune reaction in
which antibodies (IgG or IgM) are directed against cellular or extracellular matrix
antigens, resulting in cellular destruction, functional loss, or tissues damage.



Type 2 hypersensitivity reaction

(cytotoxic)

Ab =IgM and IgG

® Onset (1-3 hours) after Ag exposure

e Time (10-15 hours)

e Ag on cell surface

e |C formation by adding Ab ->ADCC, Complement activation
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Forme clinice ale RHS de tip |l

Sinteza anticorpilor citotoxici poate avea diferite mecanisme:

- aloimunizare, prin declansarea unui RIU are loc formarea Ac anti celule sau tesuturi straine (non-self), de
exemplu, post-transplant sau conflictul Rh materno-fetal,

- autoimunizare, formarea Ac fata de celulele self, prin mecanisme de dereglare a tolerantei fata de self.
Exemple fiind unele boli autoimune: LES, anemii autoimune, tiroidita Hashimoto, purpura
trombocitopenica autoimuna idiopatica.

- dupa administrarea unor medicamente cu rol de haptena, care se vor atasa de suprafata celulelor
umane, rezultand distrugerea lor (trombocitopeniile postmedicamentoase).



TABLE 19.2 Examples of Diseases Caused by Cell- or Tissue-Specific Antibodies

Disease

Target Antigen

Mechanisms of Disease

Clinicopathologic
Manifestations

Autoimmune hemolytic

anemia

Autocimmune
thrombocytopenic
purpura

Pemphigus vulgaris

Vasculitis caused by
ANCA

Goodpasture syndrome

Acute rheumatic fever

Myasthenia gravis

Graves” disease
{hyperthyroidism)

Pernicious anemia

Erythrocyte membrane proteins

Platelet membrane proteins
{gpllb-Illa integrin)

Proteins in intercellular junctions of
epidermal cells (desmoglein)

Neutrophil granule proteins,
presumably released from
activated neutrophils

Noncollagenous NC1 protein of
basement membrane in glomeruli
and lung

Streptococcal cell wall antigen;
antibody cross-reacts with
myocardial antigen

Acetylcholine receptor

TSH receptor

Intrinsic factor of gastric parietal
cells

Opsonization and phagocytosis
of erythrocytes, complement-
mediated lysis

Opsonization and phagocytosis
of platelets

Antibody-mediated activation of
proteases, disruption of
intercellular adhesions

MNeutrophil degranulation and
inflammation

Complement- and Fc receptor—
mediated inflammation

Inflammation, macrophage
activation

Antibody inhibits acetylcholine
binding, down modulates
receptors

Antibody-mediated stimulation
of TSH receptors

MNeutralization of intrinsic factor;
decreased absorption of
vitamin B,;

Hemolysis, anemia

Bleading

Skin blisters (bullae)

Vasculitis

Nephritis, lung
hemorrhage

Myocarditis, arthritis

Muscle weakness,
paralysis

Hyperthyroidism

Abnormal erythropoiesis,
anemia, neurologic
symptoms

ANCA, Anti-neutrophil cytoplasmic antibodies; TSH, thyroid-stimulating hormone.




Principii de diagnostic si tratament

Principiile de diagnostic includ documentarea Ac serici sau a Ag de pe celulele tinta.

- Testul Coombs pentru documentarea Ac anti-eritrocite;
- Imunofluorescenta pune in evidenta Ag tisulare sau Ag fixate cu Ac specifici;

- Dozarea complementului, scaderea valorilor caruia denota consumul in reactiile de liza celulara (ex.
scaderea C3 in LES).

Principiile de tratament:
- iImunosupresoare

- plasmafereza (indepartarea Ac citotoxici circulanti)



Type lll hypersensitivity reaction

Pathological immune response by circulant immune complexes(type Il1):
Antigens are spread in blood or tissues (often autoAg)

It is due to:

1. Persistent infection / repeated administration of Ag (local or general)
2. Continuous/inefficient synthesis of Abs IgM/IgG determin CIC:

In a balanced concentration of the components, are readily treated by MQ

Small/ soluble complexes (Ag>>>Ac) are difficult purified -> intense
inflammation, vascular damage, renal, skin "innocent bystander" (by
activation of complement and Leuproteases)

Local inflammatory reaction (Arthus phenomenon) or general (serum
sickness)

Characteristic for generalized autoimmune diseases (Lupus, DM, RPA)

1. Complex formation

Antibody A :: Antigen

; Complex

formation

Blood
vessel

Basement
membrane 2. Increased vascular permeability

Endothelium

PMN chemotaxis
Immune

complex

puateuet*%/ I
2 <" 2 ®

aggregation

Microthrombi

Deposition Y e
formation b5 )

3. Vasculitis



Immune complex-mediated (type lll) hypersensitivity

Immune complex
deposited in
vessel wall

* IgM and IgG antibodies specific for soluble
antigens in the blood form complexes with
the antigens, and the immune complexes
may deposit in blood vessel walls in various
tissues, causing inflammation, thrombosis,
and tissue injury.

vessel

Neutrophil

 Circulating immune complexes deposit in
vessel walls and induce inflammation Crouatng
(vasculitis) and thrombosis.

Thrombus

Immune complex—mediated injury



Type 3 hypersensitivity reaction
immune complex formation

Excess immune complexes (circulating or in tissues) - abnormal secondary UIR

IgM, IgG ,. W .
o B Neutrofil
: 7z \'/ N R
Antigens can be: P Complexe 4
I Imune
&
®
- microbiene (streptococi, stafilococi, o \*-k,
—— | " s ~ &
virusurile hepatice, EBV, paraziti) Antigen &
solubil
I ROS
- autoantigene (auto-Acin bolile autoimune) \\
“’ -.: '-:..
- Ag de mediu (spori de mucegai, veninuri, e /S N : chvgis OV
pulberi, proteine animale) = > -
Endoteliu - U0 - Leziuni tisulare
W= e
Complexe imune Depunerea complexelor imune
in diferite organe

Botnaru V., Brocovschii V. Elemente de imunologie, 2020



Forme clinice ale hipersensibilitatii de tip Il

e Complexele circulante antigen-anticorp pot duce la inflamatie la locul unde acestea se localizeaza

* Depinde de dimensiunile CIC, de natura Ag si tesuturile in care se vor depune.

e Depunerile CIC la diferite niveluri:
- In piele - LES sau reactia Arthus;
- rinichi - nefrita lupica;
- plamani - ABPA sau pneumonita de hipersensibilitate;
- vase sanguine - poliarterita;

- articulatii - artrita reumatoida.

* Ag de tip proteine self vor declansa boli autoimune (LES, artrita reumatoida);
* Medicamentele - reactii de HS la medicamente;

* Proteinele virale, bacteriene sau parazitare - glomerulonefrita post-streptococica, meningita, hepatita, mononucleoza
infectioasa, endocardita bacteriana subacuta.



Principii de diagnostic si tratament

Principiile de diagnostic se bazeaza pe documentarea CIC
» Utila este si dozarea complementului (o scadere denota consumul in cadrul unei RHS)
* Dozarea Ig serice (cresterea valorilor IgM si/sau IgG denota infectii probabile)

* Autoanticorpii

Principiile de tratament:
- medicatia imunosupresoare (corticosteroizi si citostatice)

- epurarea CIC prin plasmafereza



Type IV hypersensitivity reaction T cell-mediated

Tissue injury may be due to T lymphocytes that induce inflammation or directly kill target cells.

In most of these diseases, the major mechanism involves the activation of CD4+ helper T cells, which
secrete cytokines that promote inflammation and activate leukocytes, mainly neutrophils and macrophages.

Tc contribute to tissue injury in some diseases.

Slow onset (1-21 days)
Mediated by involving Th lymphocyte mechanisms (for soluble Ag) and Tc (for cell associated Ag)

TB skin test
Contact dermatitis (Triggers: chemicals, cheap jewelry (Ni), antibiotics)
Asthma eo

Autoimmune disease (type | diabetes mellitus)



HSR type IV

Hapten Hapten - Langer- Hapten/antigen
| carrier hans reexposure
o®, complex cell Lymph nodes °
@

Wy
Epldermls \’ 9 | | ‘ ’

Dermis 34
f Inductlon of v /
Lymphatic antigen-specific
J T cells L

Type IV: Delayed type hyper ity (DTH)




HSR type IV Thl mediated

(a) Sensitization phase (b) Effector phase TNF
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o> //\TH1 cells
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/ Membrane
: TNF-B
Sensitized Resting Activated
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Delayed-type hypersensitivity (DTH) reaction

* Infection or immunization (vaccination) sensitizes an individual, and
subsequent challenge with an antigen from the infectious agent

elicits a DTH reaction

Infection \

- Sensitization: -

primary
infection or

immunization

i

Challenge

- DTH reaction -

=1

Patient

1-2 weeks

Intradermal
=0 injection

:fj? " of microbial
>4 antigen

24—-48 hours

Area of induration
B —/ and erythema

s,

* The reaction is manifested by induration with redness and swelling
at the site of the challenge, which peaks at ~48 hours

Exemple: i.d. PPD test

Antigen is injected into
subcutaneous tissue and
processed by local
antigen-presenting cells

A Ty1 effector cell
recognizes antigen and
releases cytokines which
act on vascular endothelium

Recruitment of phagocytes
and plasma to site of
antigen injection causes
visible lesion

< =

>',;\
o

TR
L

24-72 hours

Figure 12-25 Immunobiology, 6/e. (© Garland Science 2005)



T Cell-Mediated Diseases

TABLE 19.4 T Cell-Mediated Diseases

Disease Specificity of Pathogenic T Cells Principal Mechanisms of Tissue Injury

Rheumatoid Collagen? Citrullinated self proteins? Inflammation mediated by Th1 and Th17 cytokines.
arthritis Role of antibodies and immune complexes?

Multiple sclerosis Protein antigens in myelin (e.g., myelin Inflammation mediated by Th1 and Th17 cytokines;

basic protein) myelin destruction by activated macrophages

Type 1 diabetes Antigens of pancreatic islet 3 cells (insulin, T cell-mediated inflammation; destruction of islet
mellitus glutamic acid decarboxylase, others) cells by CTLs

Inflammatory Enteric bacteria. Self antigens? Inflammation mediated by Th1 and Th17 cytokines

bowel disease

Psoriasis Unknown skin antigens Inflammation mediated by T cell-derived cytokines

Examples of human T cell-mediated diseases are listed. In many cases, the specificity of the T cells and the mechanisms of tissue injury are
inferred on the basis of the similarity with experimental animal models of the diseases. The roles of Th1 and Th17 cells have been inferred from
experimental models and the presence of subset-specific cytokines in human lesions. The cytokines may be produced by cells other than CD4™ T
lymphocytes. Ongoing clinical trials targeting these cytokines may provide new information about the contributions of the cytokines in different
diseases.

CTLs, Cytotoxic T lymphocytes.
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Principii de diagnostic si tratament

» Diagnostic - in vivo (test cutanat intradermic cu citire intarziata 48-72 de ore, test epicutanat patch) - medicamente,
alergene de contact sau a infectiei cu agenti microbieni (IDR la tuberculind).

« Laborator - testul de transformare blastica a limfocitelor (LTT) Tn prezenta Ag inductor,

| - Activare in vitro
Diferite concentratii de alergene, incubate la 37°C cu CO2de 5%

C )
G —

Celule mononucleare \_
din sange periferic

Il - Citirea rezultatelor

Rata incorporarii *H timidinei in ADN este
3 direct proportionala cu proliferarea clonala [\_
R S a limfocitelor sub influenta antigenului h

Botnaru V., Brocovschii V. Elemente de imunologie, 2020



Terapiile pentru bolile inflamatorii care vizeaza raspunsurile LT

Principiile de tratament
evitarea expunerii in cazul alergenilor,
antiinflamatoare steroidiene (corticosteroizi)

controlul diferitelor citokine proinflamatorii

si inflamatia

Inhibitori de calcineuring,
CTLA4-lg JAK, si alte kinaze
(blocarea costimularii) (inhiba semnalizarea)

\F B7_| cD28

= Anti-IL-2R
(blocheaza proliferarea LT

b g TCR » LT
:.’* g ""‘-_._HO_.__-,—' “...
Anti-TNF ¥ 2 L2 \ |
(si TNRF-ig),| | @ (El_) o° Anti-IL-17A
Anti-IL-1, ® 5 \(blocheazé inflamatia)

(blocheaza TNF |(blocheaza raspunsuril

inflamatia) Th1, Th17)
Anti-integrine
Inflamatie | (blo )

AntidL-6R | IL-1, IL-BE Anti-p40 ] IL-17
e

cheaza aderenta

Botnaru V., Brocovschii V. Elemente de imunologie, 2020
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Immunologic Tolerance and Autoimmunity



Reaction to Self - Autoimmunity

Immunologic tolerance = Unresponsiveness to an antigen that is induced by previous exposure to that
antigen

Tolerance to self antigens (self-tolerance) - Fundamental property of normal immune system
Tolerogens = Antigens that induce tolerance
Immunogens = Antigens that generate immunity

Failure of self-tolerance (Reaction to Self) - Autoimmunity



Overview

Physiopathology of immune tolerance-related diseases influenced by several factor:

e Genetic susceptibility

e Route of exposure

e Antigen dose

e Time of exposure

e Structural characteristics of allergen/antigen

e Co-exposure with stimulators of innate immune response, such as infections or commensal bacteria



Tolerance

* Mechanisms of tolerance eliminate and inactivate lymphocytes that
express high-affinity receptors for self antigens

e During generating large and diverse repertoire, some developing T
and B cells may express receptors capable of recognizing normal
molecules in that individual (self antigens)

e Tolerance - antigen specific, from recognition of antigens by individual
clones of lymphocytes
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e Mature lymphocytes that recognize self antigens in peripheral tissues become
incapable of activation by re-exposure to that antigen or die by apoptosis

Important mechanism for the induction of peripheral tolerance = Antigen
recognition without costimulation or “second signals”

e Peripheral tolerance maintained by regulatory T cells (Tregs) that actively
suppress activation of lymphocytes



Central T Cell Tolerance

During their maturation in thymus, many immature T cells that recognize antigens with high avidity die,
and some of surviving cells in the CD4+ lineage develop into Tregs

Thymus Periphery

Negative Y
selection: e
deletion o Q)
) “ Immature
T cells specific
for self antigen

i

‘Development ;«"1/)
of regulatory k. ok
T cells A
Regulatory
T cell

FIGURE 15.2 Central T cell tolerance.



Central T Cell Tolerance

® Thymus has special mechanism for expressing many protein antigens expressed in different peripheral
tissues, produced in medullary thymic epithelial cells (MTECs) under the control of the autoimmune
regulator (AIRE) protein, immature T cells specific for these antigens can be deleted

e Mutations in the AIRE gene are the cause of a multi-organ autoimmune disease, autoimmune
polyendocrine syndrome type 1 (APS1) characterized by antibody- and lymphocyte-mediated injury to
multiple endocrine organs; parathyroids, adrenals, and pancreatic islets
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/,/ Tissue-restricted
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epithelial cell TRAs
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Central T Cell Tolerance

A "‘\‘

\ D
| Tissue-restricted

e In the absence of functional AIRE, these antigens e Trae :
are not displayed in the thymus, and T cells specific @‘? b " | sclcton
for the antigens escape deletion, mature, and enter d ol -

the periphery - attack target tissues t“ﬂgnﬁ;':'lyce"\“}g”

Failure of
negative
selection

e Patients with AIRE mutations also make
neutralizing autoantibodies against their own IL-17

Tissue

e Deficiency of IL-17 = patients susceptible to .
mucocutaneous candidiasis S;'fii,?i;’,?"p»

tissue
FIGURE 15.3 The function of AIRE in deletion of T cells in the thymus. A, The



Central T Cell Tolerance

e Regulatory cells leave the thymus and inhibit responses against self antigens in
the periphery

® Determination of deletion OR development of Tregs
- Affinity of antigen recognition
- Types of antigen presenting cells (APCs) presenting antigen

- Availability of cytokines in thymus



Peripheral T Cell Tolerance

A Dendritc  CD28
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FIGURE 15.4 Mechanisms of peripheral T cell tolerance.




Peripheral T Cell Tolerance

Anergy (Functional Unresponsiveness)

e Exposure of mature CD4+ T cells to
antigen in absence of costimulation or
Innate immunity may make the cells
Incapable of responding to that antigen

Antigen recognition T cell response
DC expressing
costimulators Naive 1E_ﬂe?ltor
2 T cell o

Normal
response |

’ﬂ sngnals \_7
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" Recognition of T cell
foreign antigen with proliferation and
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self antigen

Slgnallng block
T cell > Naive
anergy T cell Unresponslve
(anergic)

T cell

&

Recognmon of
self antlgen

Inhibitory
receptor

 Engagementof
inhibitory receptors

FIGURE 15.5 Mechanisms of T cell anergy.



Peripheral T Cell Tolerance

Mechanisms induce and maintain anergic state

« TCR-induced signal transduction is blocked in
anergic cells

» Self antigen recognition may activate cellular
ubiquitin ligases — ubiquitinate TCR-associated
proteins and target them for proteolytic degradation
in proteasomes or lysosomes

T cells recognize self antigens, they engage
Inhibitory receptors of CD28 family, whose
function is to terminate T cell responses

Antigen recognition T cell response'
DC expressing
costimulators Naive Effector

T cells

Normal
response |

——

" Recognition of T cell
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~/
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self antigen \g \
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anergy 3 T cell Unresponsive
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FIGURE 15.5 Mechanisms of T cell anergy.



Direct and indirect

suppressive effects on
mast cells, basophils,
and eosinophils
Suppression of ,
T cell migration to tissues,
remodeling in tissues

et

Suppression of
inflammatory DC
. Induction of IL-10-
Suppression of producing DC
effector Th17 cells

Induction of IgG4

Suppression of Suppression of IgE

effector Th1 cells §
effector Th2 cells

Fig. 4.7 Immune deviation toward Treg cell response is an essential step in allergen immunotherapy and
natural allergen exposure of nonallergic individuals.

Mubeccel Akdis, et al. Middleton’s Allergy. 9th Edition;2020:44-64.e1.



[ Proliferation and |
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regulatory T cells

- 7 y - - '
o ‘ ) | and suppression
) ' = : / | of effector T cells

Self or foreign
antigen

Dendritic  Regulatory
cell T cell

Activated T cell

FIGURE 15.9 Role of interleukin-2 in the maintenance of regulatory T cells. IL-2 pro-
duced by conventional T cells responding to self or foreign antigens acts on Tregs recognizing the antigen
on APCs and promotes the survival and function of the Tregs, enabling them to control the responses of

the conventional T cells. /-2, Interleukin-2.



B Lymphocyte Tolerance

- Maintaining unresponsiveness to thymus-independent self antigens, such as polysaccharides

and lipids
- Preventing antibody responses to protein antigens

Low-avidity self

antigen recognition

A High-avidity s.e.lf
Central B Cell Tolerance ol ol il
Immature B lymphocytes that recognize self antigens in the bone marrow Self
with high affinity change their specificity or are deleted antigen
Self-reactive
Receptor editing e ¢ &
B cells reactivate their RAG1 and RAG2 genes and initiate new round of VJ Receptor editing: .

. . . . . expression of  Apoptosis
recombination in the Ig kappa light chain gene locus new Ig light chain
Previously rearranged V kappa J kappa exon in self-reactive immature B cell | 4
is deleted, and new Ig light chain is expressed, thus creating BCR with new o ‘
specificity
Deletion [Non-self reactive] | Deletion |
Anergy B cell

FIGURE 15.11 Central tolerance in B cells. A,

Self antigen

Reduceé_ receptor
expression, signaling
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Peripheral B Cell Tolerance

Mature B lymphocytes that recognize self antigens in peripheral tissues in absence of
specific helper T cells = functionally unresponsive or - apoptosis
e Signals from helper T cells may be absent if these T cells are deleted or anergic or if Se"%-p/(

) i ) antigen = .
the self antigens are non-protein antigens

® Asin T cells, antigen recognition without additional stimuli results in tolerance e AL

inactivation o
Apoptosis Inhibitory
v receptors

Anergy and deletion

e Some self-reactive B cells that are repeatedly stimulated by self antigens become

unresponsive

® Require higher than normal levels of the growth factor BAFF for survival 4

® Have shortened life span (Anergy) (Deletion) [ Regulation
. . . . - . . . by inhibitory

® B cells that bind with high avidity to self antigens in periphery may also undergo receptors

apoptotic death by mitochondrial pathway FIGURE 15.12 Peripheral tolerance in B cells.

Signaling by inhibitory receptors
Immunoreceptor tyrosine-based activation motifs (ITIMs) in cytoplasmic tail of CD22

are phosphorylated by Lyn, and this inhibitory receptor then recruits SHP-1, thus
attenuating B cell receptor signaling



Autoimmunity

Immune reactions against self antigens



Bolile autoimune

Autoimmune diseases are a heterogeneous group of conditions characterised by the
presence of circulating antibodies against their own constituents (self structures).

DI=iilalidle)al It is not known why the body loses the ability to distinguish self - non-self

Autoimmune disease — specific spectrum of auto-antibodies

2 types immune response:

organ specific >organ autoimmune disease (e.g. diabetes),

non-organ specific = systemic autoimmune disease (e.g. scleroderma)

Clinical

significance

54
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Pathogenesis of
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Botnaru V., Brocovschii V. Elemente de imunologie, 2020



Mechanisms related to autoimmunity

» Defective tolerance or regulation

* Abnormal display of self antigens

* Inflammation or an initial innate immune response
* Antigen Mimicry

 Alteration of Normal Proteins

* Release of Sequestered antigens

* Epitope spreading

* Failure of Regulatory T Cells



Pathogenic mechanisms of AutoAb production

Bazele fiziopatologice ale mecanismelor reactiilor autoimune sunt RHS de tip Il (Ag self - auto-Ac)

Self-reactive LT or LB (positive/negative

Alterations of central selection defects)

tolerance

LT (defects of apoptosis and survival of

Abnormalities in _
autoreactive LT)

autoantibody synthesis | A |icrations of peripheric

tolerance LB (defects of regulatory mechanisms)

Changes (alteration) in protein structure:
Altered self theory by physical, chemical, tumor factors (DAMPs)

Abnormalities of Ag | Molecular mimicry
antigenic similarity between exogenous Ag and self components

Superantigens stafilococice in PR

57




Examples of autoimmune diseases

Diseases Mediated by Antibodies
Autoimmune hemolytic anemia
Autoimmune thrombocytopenia

Autoimmune atrophic gastritis of
pernicious anemia

Myasthenia gravis
Graves disease
Goodpasture syndrome
Type 1 diabetes mellitus
Multiple sclerosis

Inflammatory bowel diseases (Crohn
disease, ulcerative colitis)*®

Primary biliary cirrhosis’

Autoimmune (chronic active) hepatitis

Systemic

Systemic lupus erythematosus

Rheumatoid arthritis
Systemic sclerosis (scleroderma)’
Sjogren syndrome’

Polyarteritis nodosa’
Inflammatory myopathies'’

organ-specific non-organ-specific

brain
multiple sclerosis(?) -

thyroid

Hashimoto's
thyroiditis

primary myxoedema

thyrotoxicosis
muscle

~ dermatomyositis

stomach

ernicious anaemia s
P ~ kidney

LE
adrenal 2

Addison's disease <
skin

- scleroderma

pancreas SLE

insulin-dependent
diabetes mellitus

joints

rheumatoid arthritis




TABLE 15.3 Association of HLA Alleles With
Association of MHC Alleles With Autoimmunity = Autoimmune Disease

haplotype

Odds
Disease HLA Allele Ratio™
RA (anti-CCP Ab DRB1, 1 SE allele’ 4
positive)' DRBI, 2 SE alleles 12
T1D DRB1*0301-DQAT*0501- 4
DAB1*0201 haplotype
DRB1*0401-DQAT*0301- 8
DAB1*0302 haplotype
DRB1*0301/0401 35
heterozygotes
Multiple sclerosis DRB1*1501 3
SLE DRB1*0301 2
DRB1*1501 1.3
AS B*27 (mainly B*2705 and 100-200
B*2702)
Celiac disease DQAT*0501-DAB1*0201 J




Role of infections in the development of autoimmunity

A, Normally, encounter of a mature self-reactive T cell with
a self antigen presented by a costimulator-deficient resting
tissue APC results in peripheral tolerance by anergy. (Other
possible mechanisms of self-tolerance are not shown)

B, Microbes may activate the APCs to express
costimulators, and when these APCs present self antigens,
the self-reactive T cells are activated rather than rendered
tolerant.

C, Some microbial antigens may cross-react with self
antigens (molecular mimicry). Therefore, immune
responses initiated by the microbes may activate T cells
specific for self antigens.

- "Resting"
tissue DC T cell

Self-

-

tolerance
Self antigen ( Self-tolerance )
B
Expression of Self-
costimulators reactive
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of APCs %% 59 —p el e
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/ antigen B7 CD28 iIssue |
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Autoantibodies and their association with different diseases

Systemic lupus

Systemic scleross

Sjogren syndrome

Autoimmune myositis

Rheumatold arthritis

Specificity of Autoantibody
Double-stranded DNA
U1-RANP

Smith (Sm) antigen (core protein of small RNP particies)

Ro (SS-A)La (SS-B) nucleoproteins
Phospholipid-protedn complexes (anti-PL)
WWM(MMW

DNA topotsomerase 1
Centromeric proteins (CENPs) A B, C

30-40
20-30
30-50
30-40
95-100

30-70

15-20

5-10

20-35 (Japanese)
15-20

60-70

Nephritis; specific for SLE

Specific for SLE

Congenital heart block; neonatal lupus

Antiphospholipid syndrome (in -10% of SLE patients)

Found in other autoimmune diseases, not specific.

Diffuse skin disease, lung disease; spedific for
Systemic sclerosis

Limited skin disease, ischemic digital loss, pulmonary

hypertension
Acute onset, scleroderma renal crisis, cancer

interstitial lung disease, Raynaud phenomenon
Vascular skin lesions, interstitial lung disease
Dermatomyositis, cancer

Specific for rheumatoid arthritis



Autoantibodies and their association with different diseases

Prevalence Related autoimmune

Antibodies (%)

diseases

Rheumatoid factors (RF)  40-50

Cryoglobulins 10-15
Anti-centromere 417
antibodies (ACA) -
Anti-mitochondrial 565
antibodies (AMA) |
Anti-cyclic citrullinated

peptide antibodies 7-10
(anti-CCP)

Anti-smooth muscle 65.62

antibodies (ASMA)

Hypergammaglobulinemia

Lymphoma development
and death

Systemic sclerosis

Primary biliary cirrhosis

Articular manifestations

Autoimmune hepatitis



Autoantibodies and their association with different diseases

Graves’ disease Thyroid stimulating

hormone
Hashimoto’s ~ Thyroid peroxidase
thyroiditis Thyroglobulin
Pendrin
Myasthenia Nicotinic acetylcholine
gravis receptor
Muscle-specific tyrosine
kinase
Multiple Myelin oligodendrocyte
sclerosis glycoprotein

Myelin basic protein

G Abnormal physiologic responses without cell/tissue injury'

Antibody against
TSH receptor TSH
receptor

i Thyroid
epithelial cell

v

Thyroid hormones

receptor without hormone

H,

Nerve \ Acetylcholine

ending—". _ (ACh)
Antibody | 1 -~
toACh E @ @,-F . $\
receptor._ H_r"x _j ‘ § l_. iy
ACh %
receptor

f neurotransmitter to recepto

[ Antibody stimulates ] [ Antibody inhibits binding J
o] I




Boala Graves
Miastenia gravis




Teste imunodiagnostice pentru bolile autoimune

Tabelul 12.5

TESTE IMUNODIAGNOSTICE PENTRU BOLILE AUTOIMUNE

Tinta imunologica

Exemple de teste diagnostice

Disfunctii ale sistemului imun innascut

HLG, proteine de faza acuta (CRP), viteza de sedimentare a eritrocitelor
(VSH), activitatea complementului (CH30, C3, C4), ceruloplasmina, feritina,
fibrinogenul, haptoglobina, albumina; procalcitonina

Disfunctii ale sistemului imun dobandit

Anticorpii anti-nucleari (valori si distributie la nivel celular) (ANA)
Autoanticorpi celulari specifici

Factor reumatoid (IgM Tmpotriva portiunii Fc a IgG)

Anticorpi anti-peptide ciclice citrulinate (anti-CCP)

Anticorpi anti-fosfolipide

Anticorpi anti-citoplasma polinuclearelor neutrofe (ANCA)
Crioglobuline

Autoanticorpi anti-coagulant/anti-cardiolipina/aPL

Studii moleculare si genetice

Imunofenotipare HLA
Defecte monogenice
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