
Rheumatoid arthritis pathogenesis:
From systemic autoimmunity to synovial inflammation
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General concept for RA pathogenesis

άw! ƛǎ ŀƴ ŀƭƳƻǎǘ ƭƛŦŜƭƻƴƎ ǇǊƻŎŜǎǎ ƛƴ ǿƛǘƘ ŘƛǎǘƛƴŎǘ ǇƘŀǎŜǎΥ

V disease risk: genetically predisposed individuals lose self-tolerance, produce autoantibodies.

V asymptomatic autoimmunity:characterized by prototypic autoantibodies reactive against 
post-translationally modified proteins, often citrullinated antigens. 

V symptomatic synovitis: Acute joint inflammation transitions

into chronic, destructive synovitis. Tissue responds with a maladaptive wound healing response 
(pannus), which by itself has destructive features andǿƛƭƭ ƭŜŀŘ ǘƻ ƛǊǊŜǾŜǊǎƛōƭŜ ǘƛǎǎǳŜ ƛƴƧǳǊȅέ

Nat Immunol. 2021 Jan;22(1):10-18
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Autoimmunity in RA starts long before symptoms:

ACPA (anti citrullinated peptide antibodies) and RFs (Rheumatoid factors) decades before 
symptoms

Nielen M et al, A&R50; 2004, 380

IgM-RF

IgM-RF or anti-CCP

Anti-CCP

Arthritis!!!



Twin Studies in Rheumatoid Arthritis:
Increased incidence in twins and in families with affected 

members

1. Lawrence JS. Ann Rheum Dis.1970;28:357-379.
2. AhoK et al. J Rheumatol. 1986;13:899-902.

3. SilmanAJ et al. Br J Rheumatol. 1993;32:903-907.



Genetic risk for RA: 
Major contribution of HLA-DR

ω Studies in twins  Čgenetic contribution to RA accounts for ~60% of the variation in 
liability to disease.

ω The most important genetic risk : class MHC class II region (HLA-DR). 

ω MHC contribute 18ς37% of the total genetic susceptibility to RA, increasing disease 
liability 4ς6-fold.

ω For ACPA +ve RA:  HLA-5wʲм and two additional amino acid positions in HLA-Band 
HLA-DPin conferring risk to anti-CCPςpositive rheumatoid arthritis. 

ς These variants account for 12.7%of the phenotypic variance of seropositive RA risk

ς common validated alleles outside the MHC explain ~4% of this variance

Nat Rev Rheumatol. 2012 Oct;8(10):573-86
Nat Genet. 2012 Jan 29;44(3):291-6



Lipsky PE.  In: IŀǊǊƛǎƻƴΩǎ tǊƛƴŎƛǇƭŜǎ ƻŦ LƴǘŜǊƴŀƭ aŜŘƛŎƛƴŜΦ1994:1648-1655.

Shared Epitope Hypothesis

Alleles Associated with Rheumatoid Arthritis



Shared epitope hypothesis

All HLADRB1 alleles associated with RA risk encode a conserved sequence of 5 amino acids 
(positions 70ς74) that surrounds the peptide-binding pocket of the antigen-presenting 

molecule. 

Arthritis and Rheumatism, 1987, Vol. 30, No. 11 



Shared epitope hypothesis

The presence of this shared epitope suggests that the molecules containing it might:
V bind the same antigen, induce altered T-cellςantigen presenting cell interactions, 

V and/or shape the T-cell repertoire participating in broader adaptive immune responses. 

Arthritis and Rheumatism, 1987, Vol. 30, No. 11 



RA related Genes Č autoimmunity

ʆʰ HLA-DRB1 h ˂˂ʹ˂ˈ˃ˇˊ˒ʰˋ˔ʶˍʾʸˇ˄ˍʰʽ MONO ˃ ʶ ACPA ̒ ʶˍʽˁʺ ˄ˈˋˇΗ



Genetic association to autoimmunity

Shared Epitope alleles (HLA-DRB1) are associated with development of anti-CCP 
(and RFs) antibodies and thus only to seropositive 

AR, Vol. 52, No. 11, 2005, pp 3433ς3438



Mechanism of the shared epitope / ACPA-association:

DR-B1 alleles bind more avidly citrulline-containing peptides  

ω It is partly attributable to the finding that citrulline-containing 
peptides bind more avidly than unmodified molecules to the binding 
pocket of DRB1 molecules that contain the epitope, with subsequent 
activation of CD4+ T cells.

J. Immunol. 171, 538ς541 (2003).

ω The shared epitope also seems to function as an immunostimulatory
ligand that polarizes T-cell differentiation towards type 17 T helper 
(TH17) cells, which are associated with autoimmunity.

J. Immunol. 185, 1927ς1934 (2010).

J. Exp. Med. 2013 Vol. 210 No. 12 2569



Telomere damage and abnormal T cell differentiation 
in healthy HLA-DR4+ individuals and 

asymptomatic first-degree relatives of patients with RA

Genes Č T cell function:
HLA-DR4+ & T cell dysfunction
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Genes Č T cell function:
HLA-DR4+ & T cell dysfunction

HLA-DRB1 alleles are associated to T-cell senescence

HLA-DR4 Affects Telomeric 
Length in CD4 T Cells

Premature telomeric erosion in lymphocytes and granulocytes and 
decreased frequencies of TREC T cells in patients with RA.

HLA-DR4- (white) and HLA-DR4+ (gray)

granulocytes  CD4+ T cells

PNAS 2003 Nov 11;100(23):13471-6.



HLA-DRB1*04 alleles or genes in linkage disequilibrium regulate stem cell 
replication and contribute to the accumulation of senescent and 

autoreactive T cells in rheumatoid arthritis.

Telomere Shortening in HLA -DR4  

T Cells Correlates with Functional

Markers of Cellular Senescence.

PNAS 2003 Nov 11;100(23):13471-6.



If not in the joints where autoimmunity 
starts?

Context 
dependent 

mechanisms



If not in the joints where autoimmunity 
starts?

ω Mucosal tissue sites and neutrophil extracellular traps may provide 
relevant contextual signals through which citrullinated antigens gain 
immunogenicity, supporting that early steps of tolerance loss may 

occur in the lung and the gut. 

ω Nevertheless, how tolerance to the modified peptides is broken 
remains unclear, and a common denominator is not clear

Context 
dependent 

mechanisms



Lung as the site of citrullinationand initial ACPA 
development

Early, untreated ACPA +ve RA exhibit higher levels of expression 
of the citrullinatedprotein in large bronchial biopsy tissue.

Reynisdottir. A&R 66 January 2014, pp 31
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Lung as the site of citrullinationand initial ACPA 
development

Enrichment of ACPAs in the lungs vsserum of 
ACPA-positive patients with early, untreated RA

Reynisdottir. A&R 66 January 2014, pp 31
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