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 Chapitre III : Mécanismes moléculaires de l’auto-immunité

•Réponse immunitaire induite suite à la reconnaissance d’antigènes du soi par les cellules du 

système immunitaire 

•Représente le résultat de l’échec des mécanismes d’auto-tolérence 

•Certains facteurs génétiques et environnementaux prédisposent ou déclenchent l’auto-immunité 

•Décrite au début du 20eme siècle (P. Ehrlich) 

•Nombre cumulé : ∼5% population excepté Polyarthrite & thyroidite

Introduction
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Tolérance du soi

Discrimination du Soi et du non-Soi

Tolérance Centrale Tolérisation Tolérance Périphérique
• Mort des cellules lymphocytaires activés 

par les antigènes du soi lors du 
développement (Moelle & thymus)

• La présentation abondante et 
continuelle d’un Ag

• Interactions système immunitaire inné & 
adaptatif via les molécules de co-
stimulation
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 Chapitre III : Mécanismes moléculaires de l’auto-immunité

Niveaux d’auto-tolérance

• Succession de points de contrôle 

• Eviter l’affaiblissement de la RI 

• Activation des Lymphocytes auto-

réactifs ≠ Maladie auto-immune
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 Chapitre III : Mécanismes moléculaires de l’auto-immunité
Niveaux d’auto-tolérance : Tolérance Centrale

• AIRE : AutoImmune REgulator, induit par 
lymphotoxine α 

• Expression de Prots propres aux tissus dans 
la stroma médullaire thymique 

• AIRE Défectueux : «APECED» APS-1 : 
Autoimmune Polyglandular Syndrome-1, 
destruction de tissus endocriniens(ilots 
pancréatique)
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 Chapitre III : Mécanismes moléculaires de l’auto-immunité
Niveaux d’auto-tolérance : Ignorant du soi

Lorsque l'antigène du soi à l’origine de la forte auto-réaction  interagit avec une faible valence 

avec le BCR, comme c’est le cas pour certaines petites molécules solubles, les cellules dans 

ce cas retiennent les molécules d’IgM à l’intérieur du cytoplasme cellulaire, faisant d’elles des 

cellules avec peu d’IgM de surface et une expression d’IgD normale.

Immunologie Approfondie
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Cellule B immature (Moelle Osseuse)
Molécule du soi 

polyvalente

Molécule du soi 
polyvalente

Molécule du soi 
Soluble

Molécule du soi de 
faible affinité

Pas de réaction contre le 
soi 

Délétion clonale ou révision 
du récepteur Migration à la périphérie Migration à la périphérie Migration à la périphérie

Apoptose Cellule B anergique
Cellule B mature

(Clone ignorant) Cellule B mature

Figure 16 : Différents devenir des lymphocytes B immature suite à l’interaction avec l’antigène.

La nature de l’interaction entre l’antigène et le BCR conditionne le devenir du lymphocyte B immature.  Lorsque le BCR interagit avec 

des molécule du soi multivalentes, Les cellules sont soit éliminés ou bien subissent une révision (panneau de gauche). Les cellules 

anérgiques portent peu de BCR et sont générées suite à l’activation des cellules B-immatures par des antigènes du soi solubles 

capables d’interconnecter les BCR. Il existe deux types de cellules B matures, dont les clones ignorants n’induisent pas de réponse 

immunitaires leurs maturation a été réalisé suite à l'interaction avec un antigène de faible affinité.  Les cellules B immatures ne 

rencontrant pas l’antigènes poursuivent leur différenciation au niveau des organes lymphoïdes périphériques après avoir quitter la 

moelle osseuse.

• Les cellules ignorantes: Affinité à l’Ag du soi mais ne le 

reconnait pas, parce que : séquestré,faible concentration, 

pas de capacité d’agrégation des récepteurs

•Stimulus important        ACTIVATION
•Hypothèse Toll: 

TLR9: CpG non méthylées de l’ADN 

ADN bactéries & Cellules mammifère en apoptose 

TLR-7 & TLR-8 : ARN 

Production d’Ac anti-ADN ou Anti-ARN 

LED : Lepus érythémateux disséminé

•Disponibilité de l’Ag ‘‘caché’’: après inflammation ou mort cellulaires (Ag 

cardiaques) 

•Facteur rhumatoide : auto-anticorps anti-IgG, arthrite rhumatoide
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 Chapitre III : Mécanismes moléculaires de l’auto-immunité
Niveaux d’auto-tolérance : Sites immunologiques  
privilégiés
•Tissus n’induisant pas de réponse immunitaire à l’état normal, c’est le cas de Cerveau et chambre antérieur 

de l’oeil 

•Les Ac quittent ces sites et les LT développent une tolérance 

•Interaction inhabituelle avec les vaisseaux lymphatiques/existence d’une barrière tissulaire de protection 

(hémato-encéphalique dans le cerveau)/production de cytokines diminuant la réponse immune/ Expression de 

molécules co-inhibitrices

Chapitre IV
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ongoing immune response. Figure 1 presents a conceptual framework 
for the development of AD. It should also be noted that in many cases 
during disease propagation, immunoregulatory pathways are also 
activated, which may result in natural inhibition of clinical disease over 
time. Such immunoregulation is likely absent or fails in a susceptible 
host.

ADs traditionally have been categorized as organ specific or 

systemic or both (Table 1). The organ-specific ADs may represent 
examples of normal immune responses that produce disease because 
they are “misdirected” against a self-antigen or organ. By contrast, 
in systemic ADs, multiple organs are targets for immune attack, and 
chronic activation of innate and adaptive immune cells is usually 
present. SLE is considered to be the prototypic systemic AD. However, 
it should be noted that the categorization of an AD as organ-specific 
or systemic is based primarily on clinical observations rather than the 
expression pattern of the self antigen that appears to be targeted in the 
attack. 

Determinants of Autoimmune Disease
Although ADs in humans are genetically complex, significant 

advances in understanding have occurred over the past several years. 
For many ADs, the break in peripheral self-tolerance leading to an 
anti-self immune response is linked to an encounter with a particular 
pathogen, chemical, drug, toxin, or hormone. However, the single most 
important factor contributing to AD is the genetic make-up of the host. 
A complex constellation of AD susceptibility alleles and haplotypes 
exists that determines the ongoing deregulation of self-tolerance 
mechanisms.

Genetic predisposition
There have been important advances in the genetics of 

autoimmunity in several mouse models. These studies highlight a 
critical role for pathways of tolerance induction, immunoregulation, 
and setpoints/thresholds for immune signaling in avoiding emergence 
of autoimmunity [6-8]. It should be emphasized that regardless of 
the underlying cause for autoimmunity, predisposition to a given 
autoimmune response is associated with certain human leukocyte 
antigen (HLA) allele(s). If the host’s major histocompatibility complex 
(MHC) cannot present an antigen, that antigen cannot elicit a response 
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Figure 1: Pathways influencing the development and perpetuation of 
autoimmune diseases.

Table 1: Examples of selected human autoimmune diseases.

Organ-Specific Autoimmune Diseases
Organ Disease(s) Self-Antigen Major Autoimmune Mechanism
Adrenal cells Addison's disease Cytochrome P-450 antigens Autoantibodies

Red blood cells Autoimmune hemolytic anemia Red blood cell membrane proteins Autoantibodies

Platelets Idiopathic thrombocytopenic purpura Platelet antigens (GP IIb/IIIa) Autoantibodies

Stomach Pernicious anemia Gastric parietal cell antigens (H+/ATPase, intrinsic factor) Autoantibodies/T cells

Small bowel Celiac sprue (gluten enteropathy) Transglutaminase Autoantibodies/T cells

Thyroid

Hashimoto's thyroiditis Thyroid cell antigens (e.g., thyroglobulin) T cells/autoantibodies

Graves' disease Thyroid-stimulating hormone receptor Autoantibodies

Muscle Myasthenia gravis Acetylcholine receptors Autoantibodies

Pancreatic islets Type 1 diabetes Beta cell antigens (glutamic acid decarboxylase, insulin) T cells (autoantibodies present

Hepatocytes Autoimmune hepatitis Hepatocyte antigens (cytochrome P450 2D6) T cells/antibodies

Bile duct cells Primary biliary cirrhosis Intrahepatic bile duct (pyruvate dehydrogenase complex 

protein)

Autoantibodies/ T cells

Heart  Rheumatic heart disease Myocardial antigens Autoantibodies

Kidney/lung Goodpasture's syndrome Basement membrane antigens (type IV collagen α3 chain) Autoantibodies

Systemic Autoimmune Diseases
Disease(s) Self-Antigen Major Autoimmune Mechanism
Ankylosing sponkylitis Vertebrae Immune complexes

Multiple sclerosis Brain or white matter TH
1
 cells and T

C
 cells, auto-antibodies

Rheumatoid arthritis Connective tissue, IgG Auto-antibodies, immune complexes

Systemic lupus erythematosus  DNA, nuclear protein, RBC and platelet membranes Auto-antibodies, immune complexes

Scleroderma Nuclei, heart, lungs, gastrointestinal tract, kidney Auto-antibodies

Sjogren’s syndrome Salivary gland, liver, kidney, thyroid Auto-antibodies 
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Niveaux d’auto-tolérance :
Chapitre IV
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Bases moléculaires

Facteurs majeurs de 
l’auto-immunité

Controle par le CMH

Mimétisme moléculaire 

Protéines altérées

Protéines cryptiques

Perturbations dans les niveaux ou 
activités des protéines régulatrices 

Auto-anticorps naturels 

•Mutations & altération de l’expression : AIRE, Fyn, Lck

•Modifications post-translationelles •Modifications covalentes

•protéines dénaturées

•Apoptose •Proteasome •Nucleosome

•CTLA •PTPN22 •TNF-a •FoxP3 •SHP-1/SHP-2 •Age
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iTregc 

T CD4 
naïf 

Th1 

Th2 

Th17 

IL-12 
INFg 

IL-4 

TGFb 
IL-6 

TGFb 
Il-2, 
Acide rétinoïque 

Les cytokines proviennent de l’environnement très proche (cellules épithéliales, 
NK, CD etc…) et changent en fonction des antigènes, des moments, du patrimoine 
génétique de l’individu.  
En pratique on sait mal produire de façon sûre telle ou telle sous population de T. 
en particulier les Treg (voir cours prochain immunothérapie) 

INFg 

IL-4 

IL-17 
IL-22 

TGFb 
IL-10 

Aide 
l’Immunité cellulaire 
Et humorale 

Aide 
l’Immunité humorale 

Favorise et maintient 
l’Inflammation 

Tolérance 

CD 

Niveaux d’auto-tolérance : Rôle des cellules 
immunitaires

iTreg 

T 
autoréactif 

anergique 

T 
autoréactif 

Délétion 
(apoptose) TH3 

TGF-b 

Tr1 

IL-10 
Dans le thymus 

nTreg 

En périphérie 
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autoréactif 
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T 
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ignorance 
cible 
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T 
autoréactif 

CD 

•Rôle dans:
DID (Diabète Insulino-Dépendant) & LED
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Niveaux d’auto-tolérance : Rôle des cellules 
immunitaires ( T régulateurs) Treg inhibent les autres LT auto-réactive présentes dans le 

même tissu/CPA

Type de Treg : CD4+/CD25+/FoxP3+

Chapitre IV



 Chapitre III : Mécanismes moléculaires de l’auto-immunité
Bases génétiques & environnementales 
•Existence de prédispositions  
•Facteurs tels que : médicaments, toxines, pathogènes

Génétique
•Mise en évidence par utilisation de 
souris NOD

Chapitre IV



 Chapitre III : Mécanismes moléculaires de l’auto-immunité
Bases génétiques & environnementales 
Génétique
•Plupart sont multigéniques, mais certaines sont monogéniques 
•Grande pénétrance mais impact global minime sur la population

Chapitre IV
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Bases génétiques & environnementales 
Génétique
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Tableau 2 : Maladies auto-immunes et mécanismes physiopathologiques impliqués 
 
Maladies auto-immunes monogéniques 
 

Nom Anomalie génétique 
Mécanismes 

phsyiopathologiques 
Phénotype 

IPEX : Immune 
dysregulation, 
ployendocrinopathy, 
enteropathy, X linked 

Gène Foxp3 

Défaut des 

lymphocytes T 

régulateurs 

Entérocolite sévère, diabète 

auto-immun, thyroïdite 

APECED : Autoimmune 
polyendocrinopathy, 
candidiasis ectodermal 
dysplasia 

Gène AIRE (facteur de 

transcription thymique) 

Défaut d’expression 

thymique des antigènes 

du soi, absence de 

tolérance centrale 

Diabète de type I, thyroïdite 

et parathyroïdite auto-

immunes, uvéite, candidose 

ALPS : Autoimmune 
lymphoproliferative 
syndrome 

Fas, Fas ligand 

Défaut d’élimination 

des lymphocytes auto-

réactifs 

Anémies hémolytiques et 

thrombopénies auto-

immunes,  

Prolifération lymphocytaire T 

(CD4-CD8-) 
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Tableau 2 : Maladies auto-immunes et mécanismes physiopathologiques impliqués (suite) 
 
Autres maladies auto-immunes  

Maladie 
Prédisposition / 
déclenchement 

Atteinte tissulaire 
Mécanismes 

primaires 
Mécanismes secondaires 

Antigènes cibles/Auto-anticorps 
les plus fréquents 

Lupus 
Erythémateux 
Systémique 

Maladie génétique 

multifactorielle 
Systémique 

Production d’auto-

anticorps 

Formation et dépôts de 

complexes immuns, 

activation du Complément 

Constituants des noyaux, dont l’ADN 

Polyarthrite 
Rhumatoïde 

Maladie génétique 

multifactorielle 

HLADR4 

Prédominant aux 

articulations, 

possiblement 

systémique 

Médiation cellulaire, 

formation de 

granulomes 

Inflammation systémique 

Antigènes non connus (Collagène II ?) 

Auto-anticorps : Facteur Rhumatoïde 

(FR), anticorps anti-peptides cycliques 

citrullinés (CCP) 

Thyroïdite auto-
immune : maladie 
d’Hashimoto 

- 

Microsomes 

thyroïdiens, 

hypothyroïdie 

Production d’auto-

anticorps 
Infiltration lymphocytaire T Thyropéroxydase, thyroglobuline 

Hyper-thyroïdie 
auto-immune 
maladie de Graves 
Basedow 

- 

Récepteur de la 

TSH, 

hyperthyroïdie 

Production d’auto-

anticorps 
- 

Auto-anticorps anti-récepteur de la 

TSH stimulants  

Thyropéroxydase, thyroglobuline 

 

Diabète de type I 

Maladie génétique 

multifactorielle 

(HLA DR3/DR4) 

Infections virales 

(Entérovirus, 

Coxsackie) 

Cellules β des ilots 

de Langerhans 

Médiation cellulaire 

 
Production d’auto-anticorps 

Cellules β des ilots de Langerhans : 

Pro-insuline, insuline, antigènes GAD, 

IA-2, ZnT8 
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Bases génétiques & environnementales 
Génétique
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Maladie cœliaque 
HLA DQ2DQ8 

Ingestion de gluten 

Villosités 

intestinales 

Prolifération intra-

villositaire de 

lymphocytes T 

Production d’auto-anticorps 

Peptides déamidés de la gliadine / 

Anticorps anti-transglutaminase 

tissulaire (IgA +/- IgG)(anticorps anti-

endomysium) 

Myasthénie 

Maladie génétique 

multifactorielle 

Association à un 

thymome 

 

Synapses neuro-

musculaires 

Production d’auto-

anticorps 

Activation du complément 

Rôle des lymphocytes T ? 

IgG anti-récepteur de l’acéthylcholine 

 

Anticorps anti-MusK, anti-titine 

Syndrome de 
Goodpasture 

HLA-DR2 

Facteurs 

environnementaux 

Membrane basale 

des glomérules 

rénaux et des 

alvéoles 

pulmonaires 

Production d’auto-

anticorps 
Activation du Complément Chaine α3 du collagène IV 

Pemphigus 
HLA-DR4 

(médicamenteux) 

Desmosomes, 

(jonctions des 

kératinocytes) 

Production d’auto-

anticorps 
Activation du Complément Desmogléine 3, ou 1 

Pemphigoïde 
bulleuse 

- 

Hemi-desmosomes 

(jonction dermo-

épidermique) 

Production d’auto-

anticorps 
Activation du Complément 

Bullous pemphigoid antigen : BPAG1 

(BP230) et BPAG2 (BP180 ) 

Sclérose en plaques 
HLA DR2 

Rôle de l’EBV ? 
Oligodendrocyte 

Médiation cellulaire, 

LT CD4+ et CD8+ 

 

Production d’auto-anticorps 

Protéines de la myéline : MAG (myelin 

associated glycoprotein), MOG 

(myelin oligo-dendrocyte glycoprotéine 

Anémie de Biermer / 
Gastrite auto-

- 
Cellules pariétales 

gastriques 

Médiation cellulaire, 

LT CD4+ et CD8+ 
Production d’auto-anticorps 

Anticorps anti-ATPase H+/K+ 

Anticorps anti-facteur intrinsèque 
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•Système HLA

CMH-II ≻ CMH-I
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and would not be an autoantigen in that host. The presence or absence 
of the appropriate MHC would determine whether the potential 
autoantigen is presented and the occurrence or otherwise of a response 
to the antigen.

Due to their direct involvement in T cell responses, the most 
important genes that predispose both humans and animals to AD are 
the MHC genes (Table 2). Perhaps the best illustration of AD-HLA 
association in humans can be found in ankylosing spondyliitis (AS). 
Over 90% of Caucasians with AS express an allele belonging to the 
HLA-B27 family. Other AD also show strong associations with specific 
HLA allele families. For example, expression of HLA-DR2 and HLA-
DR3 predisposes an individual to developing SLE, while T1 diabetes 
mellitus (DM) has particularly strong links to HLA-DR3, -DR4, -DQ2, 
and -DQ8. Individuals expressing certain alleles of HLA-DR4 are 
especially prone to rheumatoid arthritis (RA) or Juvenile RA, while 
primary Sjogren’s syndrome (SS) and polymyositis (PM) are associated 
with HLA-DR3 in some populations.

The requisite HLA alleles work at the level of antigen presenting 
cell, whose presence or absence determine the presentation and the 
resultant response to an autoantigen. However, no genetic pattern is 
specific to any disease and some patients with specific genetic pattern 
manifests different diseases. Predisposition of disease can also be seen 
in families however, phenotypic manifestation can be different. 

Environmental triggers
The role of environmental factors in the etiology of ADs is clearly 

apparent when considering the disease concordance rate between 
monozygotic twins. More than 50 and sometimes 70 or 80% of 
monozygotic twins are discordant for major ADs. Despite the existing 
evidence, however, definitive proof which suggests that that an 
encounter with an environmental stimulus actually triggers the initial 
onset of human AD is still lacking.

Environmental stimuli, including chemical agents and pathogens, 
show significant links to AD onset or flare-ups in both humans and 
animal models [9]. Certain chemical and pharmaceutical agents have 
been linked to the onset of particular systemic AD symptoms. For 
example, toxins such as the heavy metal mercuric-chloride or polyvinyl-
chloride can precipitate immune complex nephritis, systemic sclerosis, 
or the development of autoantibodies. Smoking, use of hair dyes 
(which contain aromatic amines), glue-sniffing, or exposure to silica 
dust (as occurs in many types of manufacturing and mining jobs) or 

other toxins can bring on an episode of RA, SLE, Graves’ disease (GD), 
or scleroderma. Workers in industries such as furniture re-finishing, 
spray-painting, perfume or cosmetic manufacturing also have a slightly 
increased risk of developing AD.

Exposure to UV radiation, particularly UV-B rays, has been linked 
to a physical insult that results in flare-ups of SLE. In vitro studies suggest 
that exposure of DNA and small nuclear ribonucleoproteins (snRNPs) 
to UV-B results in changes to the conformation and location of these 
molecules that increase their chances of activating an autoreactive 
lymphocyte. The mechanism by which these environmental factors 
induce autoimmunity includes epigenetic changes (DNA methylation 
and histone modification), reaction with the self component to generate 
novel antigens, aberrant cell death releasing cellular material that can 
lead to inflammasome activation and production of pro-inflammatory 
cytokines and molecular mimicry [10]. 

Some AD may initiate in response to drug treatment. For example, 
thiol-containing drugs and sulfonamide derivatives, as well as certain 
antibiotics and non-steroidal anti-inflammatory drugs, appear to trigger 
the onset of pemphigus. Drugs such as hydralazine and procainamide 
or similar aromatic amine drugs prescribed can induce SLE-like 
symptoms such as arthritis, pleuropericarditis, and myocarditis. 

Infections with certain viruses, bacteria, and mycoplasma appear 
to provoke the initiation of systemic AD in genetically predisposed 
individuals. Moreover, a severe bacterial or viral infection may trigger 
an increase in autoreactive antibodies or conventional T cells that leads 
to a flare-up of quiescent AD or an exacerbation of existing symptoms 
[14,15]. With respect to viruses, the onset of various AD has been 
variably associated with infection by HSV-1, Coxsackie virus, Epstein-
Barr virus (EBV), human immunodeficiency virus (HIV), human 
papilloma virus (HPV), or influenza virus. In particular, viral infections 
have been closely associated with flare-ups of SLE. Similarly, the 
development of Guillain Barre syndrome (GBS) may follow infection 
with herpes simplex virus (HSV), EBV, or cytomegalovirus (CMV), and 
the onset of acute idiopathic thrombocytopenic purpura (ITP) may be 
preceded by varicella infection. Infections with various bacterial species 
have also been associated with AD. The most striking example is the 
development of rheumatic fever (RF) following recovery from infection 
with a virulent member of the Group A streptococci. Another close link 
is that between the onset of GBS and C. jejuni infection. Antibodies 
directed against the lipopolysaccharide (LPS) of C. jejuni that cross-
react with human nerve gangliosides have been isolated from GBS 
patients. 

Infections are major players in the environmental factors which 

Autoimmune Diseases HLA Molecule Strength of Association
Ankylosing spondylitis HLA-B27 (Caucasians) ++++

Rheumatoid arthritis HLA-DR4

HLA-DRB1*04

+++

Systemic lupus erythematosus HLA-DR2, DR3 ++

Sjögren's syndrome HLA-DR3 ++

Psoriatic spondylitis HLA-B27 +++

Dermatitis herpetiformis HLA-DR3 +++

Gluten-sensitive enteropathy 

(celiac disease)

HLA-DQ2 +++

Type 1 diabetes mellitus HLA-DR3, DR4, DQ2, DQ8 +++

Hyperthyroidism (Graves') HLA-DR3, B8 +

Hashimoto’s Thyroiditis HLA-DR3, DR5 ++

Adrenal insufficiency HLA-DR3 ++

Myasthenia gravis HLA-B8, HLA-DR3 +

Multiple sclerosis HLA-DR2 ++

Table 2: HLA alleles associated with selected human AD.
Relationship between silica exposure and AD was demonstrated 

way back in 1914 by Bramwell [11] who showed an increase in the 
occurrence of scleroderma in stone masons. A study by Sanchez-Roman 
et al., demonstrated the high probability of workers occupationally 
exposed to silica developing a multiple spectrum of clinical and 
serological autoimmune manifestations like SS, scleroderma, SLE, 
overlap syndrome [12]. Epidemiologic studies have demonstrated 
moderate to strong associations between occupational silica exposure 
and SLE. A reduction of Treg cell function and size has been linked 
to excessive loss of these cells as they become increasingly susceptible 
to CD95 mediated apoptosis in persons with silica exposure. There is 
also activation of responder T cells. Taken together, the reduction of 
Treg cell function and size caused by excessive loss of Treg cells and 
substitution by chronically activated responder T cells facilitate the 
immune dysregulation in persons with silica exposure [13].

Chapitre IV



•Système HLA & Diabete
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•HLA-DR3 & HLA-DR4
•HLA-DR2 : Effet protecteur 

•Même haplotype : 
augmentation du risque

•HLA-DR3 & HLA-DR4 : 
liaison génétique avec DQβ
•DQβ : acide aspartique / 
Val, Ser, Ala, 
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• miRNA
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This rapidly emerging field has revolutionized our understanding 
of normal immunoregulation and breakdown of self-tolerance. The 
powerful gene regulatory role of miRNAs is now well recognized. The 
expression and function of miRNAs are essential for the development 
of diverse physiological systems and the maintenance of the cellular 
homeostasis and normal function [120,121]. The field of miRNA 
research gained widespread attention with the recognition of aberrant 
expression and/or function of miRNAs in a broad range of ADs [122-
124]. 

new molecular and cellular strategies for control and manipulation 
of autoimmune responses and diseases. The remarkable increase in 
information regarding the immune system, and the genetic basis of 
complex traits, is likely to accelerate the pace of our understanding of 
human autoimmunity in the near future. Major progresses have been 
made in understanding of miRNA biology, as well as obtaining insights 
into its role in pathogenesis of ADs. We anticipate that, the advances 
made by the application of novel and high-throughput technologies to 
the analysis of diseased tissues, including miRNA and the autoantibody 
repertoire, and the development of novel effective miRNA-based gene 
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Diseases miRNAs Pathogenic contribution Cells

Systemic lupus erythematosus 

[24,25,129]

miR-146a Targets STAT-1 and IRF-5, negative regulator of Type I IFN pathway PBMCs

miR-148a Target DNMT1 directly and indirectly, induces DNA hypomethylation and the 

expression autoimmune-associated genes

CD4+ T cells

miR-125a Targets KLF13, Negative regulator of inflammatory
chemokine RANTES

PBMCs

miR-21 Target RAS, induces DNA hypomethylation CD4+ T cells

Rheumatoid Arthritis [130-134]

miR-146a Targets FAF1, negative regulator of T cell apoptosis PBMC, CD4+ T cells, Th-17 cells, 

synovial fibroblasts
miR-155 Targets Matrix metalloproteinase

(MMP)-3/1 in RASFs, Regulation of

inflammation and potentially involved in RASFs mediated tissue damages

PBMC, Th-17 cell, synovial 

fibroblasts

miR-124a Targets cyclin-dependent kinase 2 (CDK-2) and chemokine MCP-1, 

negative regulator of cell proliferation and MCP-1 secretion

synoviocytes

Multiple sclerosis [135-138]

miR-326 Targets Ets-1, Promotes Th-17 cell

differentiation

 CD4+ T cells

miR-17-5P, miR-20a Potentially involved in the regulation of T cell activation CD4+ T cells

miR-34a, miR-155 and 

miR-326

Targets CD47, promotes phagocytosis of myelin by releasing macrophage 

from inhibitory signaling

MS lesion

Abbreviation: PBMC: Peripheral Blood Mononuclear Cell; STAT: Signal Transducer and Activator of Transcription; IFN: Interferon; IRF-5: Interferon Regulatory Factor 5; 

KLF13: Kruppel-Like Factor 13; DNMT1: DNA methyltransferase 1; RANTES: Regulated upon Activation Normal T-cell Expressed and Secreted; FAF1: FAS-Associated 

Factor 1; RASFs: Rheumatoid Arthritis Synovial Fibroblasts; MCP 1: Monocyte Chemoattractant Protein 1

Table 5: MiRNAs in human inflammatory autoimmune diseases.

With the increased recognition that miRNAs are capable of 
controlling the immune cell development and function [125-128], 
it is conceivable that dysregulated miRNA expression will lead to the 
immune tolerance breakdown and the development of ADs. Moreover, 
the unique dysregulated miRNA expression patterns have been 
identified in human patients with SLE, RA, and MS. Table 5 illustrates 
selected AD-related miRNAs that have been shown to play critical 
pathogenic roles in the development of these diseases [24,25,129-138].

The importance of miRNAs to immune system maintenance 
and autoimmunity is now becoming increasingly clear, owing to 
concerted efforts invested on mechanistic insight into miRNA roles 
in AD pathogenesis during the past several years. These findings led 
to the identification and characterization of numerous novel miRNAs 
and thereby open up a new perspective on functional mechanism of 
autoimmune pathogenesis and highlight the possibility of miRNA-
based disease interventions.

Conclusion and Future Direction
The development of autoimmune disorder is a complex process. 

The main molecular and cellular mechanisms of autoimmune 
responses and their origins are numerous and diverse. Although 
knowledge regarding different aspects of the immunopathogenesis 
of these disorders, especially related to animal studies, has advanced 
dramatically in recent years, major gaps in knowledge of human AD 
pathogenesis persist. The cellular immunologic abnormalities involved 
in the initiation and perpetuation of disease also need much greater 
definition. Better understanding of these processes would also provide 

therapies will make the future of this field very bright.

Chapitre IV
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modulate the development of ADs. Underlying mechanisms are 
multiple and complex, probably different according to pathogens. It 
will be extremely interesting to correlate these mechanisms and more 
generally the infections in question with the polymorphism of genes 
predisposing to or protecting against the various ADs. 

Hormonal influences

The two types of autoimmune thyroiditis, Hashimoto’s thyroiditis 
(HT) and GD, also occur predominantly in women. Significant numbers 
of HT and GD patients first develop their disease in the postpartum 
period, suggesting that major hormonal changes can precipitate 
onset. In animal models of hypothyroidism, estrogen exacerbates HT 
symptoms while testosterone reverses it. Another hormonal influence 
that may be relevant to AD etiology is the hypothalamic–pituitary–
adrenal (HPA) axis. Animals with defects in their HPA axis show 
increased susceptibility to AD, implying that stress-induced increases 
in glucocorticoids such as corticosterone and cortisol are required to 
restrain autoreactive lymphocytes.

Regional/ethnic differences

Many ADs appear to vary in incidence by region or by ethnic group, 
although such data have been relatively hard to come by and are not 
consistent for all AD or countries. In some cases, this variation may be 
due to the uneven prevalence of an HLA allele linked to a particular AD 
(due to ethnic differences) or of a triggering pathogen or chemical agent 
(due to geographic or environmental differences). In other cases, the 
reasons for variation in AD incidence among countries or ethnic groups 
are not obvious. Tied to the regional/ethnic issue is the observation 
that the decreasing incidence of infections in western countries and 
more recently in developing countries is at the origin of the increasing 
incidence of both autoimmune and allergic diseases including Crohn’s 
disease (CD), T1DM, and multiple sclerosis (MS) [26,27].

Mechanisms Underlying Autoimmune Disorders
The vast majority of AD stem from abnormalities in the mechanisms 

of peripheral tolerance that fine-tune the repertoires of mature T 
and B peripheral lymphocytes. The mere presence of autoreactive 
lymphocytes in an individual’s repertoire is not enough to trigger AD: it 
only predisposes that individual to developing AD. For AD to develop, 
a stimulus that activates the autoreactive cells must be present, and 
mechanisms designed to regulate autoreactive lymphocyte responses 
must fail. 

We will now discuss several mechanisms, some of which remain 
controversial, that are believed to contribute to the development of AD 
in susceptible individuals.

Pathogen-related mechanisms
The onset or flare-ups of many AD appear to be triggered by 

particular pathogens. However, one should keep in mind that, apart 
from infection, there must be other factors involved in AD development 
because infection is common but autoimmunity is not. Millions of 
people experience pathogen infections, many of them very serious, but 
only a small fraction of infected individuals develop AD.

Molecular mimicry: The first pathogen-related hypothesis, called 
molecular mimicry (or antigenic mimicry), holds that autoreactive 
lymphocytes in the periphery are sometimes activated by cross-
reacting pathogen antigens [28-31]. The process of antigen mimicry has 
frequently been proposed as a potential initiator of ADs (Table 3). This 
mechanism, particularly when isolated, is only likely relevant to those 
autoimmune processes clearly associated with antecedent infections, 
and particularly those that resolve spontaneously. The mechanism may, 
however, also play a role in initiation of the autoimmune response in 
self-sustaining autoimmune processes, but in this case, requires that 
T-cell responses to the cross-reacting self-antigen are initiated.

Foreign antigens, which often differ from their homologous self 
antigens in some areas, may nevertheless bear significant structural 
similarity to self-antigens in other regions. Initiation of an immune 

Pathogen Antigen Cross-reacting Mammalian Self Antigen AD
Streptococcus cell wall M protein Myosin, other heart valve proteins RF

Peptides of EBV, influenza virus, HPV, measles virus, HHV-6 Myelin basic protein MS

LPS of Campylobacter jejuni Peripheral nerve gangliosides GBS

Proteins of Salmonella typhimurium or Yersinia enterocolitica HLA-B27 Reactive arthritis

Borrelia burgdorferi, OspA protein Lymphocyte function-associated antigen 1 (LFA-1) Lyme arthritis

P
2
-C protein of Coxsackie virus Glutamic acid decarboxylase T1DM

Protein of Yersinia enterocolitica Thyrotropin receptor GD

B13 protein of Trypanosoma cruzi Cardiac myosin Chagas heart disease

Table 3: Examples of human autoimmune disease potentially linked to molecular mimicry.

A striking common feature of many ADs in both humans and 
experimental animal models is that females are more susceptible to 
autoimmune conditions than males [16-18]. More than 85 percent of 
patients with thyroiditis, scleroderma, lupus, and SS are females [19]. 
In addition to genetic factors such as X-chromosome abnormalities, 
sex hormones such as estrogens and androgens are believed to play a 
significant role in the sex-based susceptibility to many ADs. Researchers 
hypothesize that the expression of hormones or factors associated 
with the development of sex-specific organs can activate previously 
tolerant or ignorant lymphocytes. Indeed, in a mouse model of SLE, 
the administration of estrogen unregulated Bcl-2 in B cells and blocked 
B cell tolerization [20-22]. Disease symptoms were exacerbated in the 
estrogen-treated animals. Estrogen metabolism is often abnormal in 
SLE patients, and flare-ups of SLE may on occasion be associated with 
changes in hormonal status, such as during pregnancy or the initiation 
of hormone replacement therapy. It is clear that sex hormones have 
profound influence on immune system development and function. 
Recent studies revealed that estrogen receptor ERα, rather than ERβ 
plays a critical role in the regulation estrogen-mediated promotion of 
autoimmunity in NZB/W mice, [23] and also microRNA (miRNA) 
induction. Of relevance, the decreased level of miR-146a and miR-
125a and increased level of miR-148a have been identified in human 
patients with lupus and reported to contribute to lupus pathogenesis 
by regulating type I interferon(IFN) pathway [24,25]. Together, these 
data suggest that sex hormones such as estrogen may contribute to the 
pathogenesis of lupus and other gender biased AD via the regulation of 
miRNA expression.Chapitre IV


