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Learning Objectives
The Immunopathogenesis and Immunologically Targeted 

Treatment of Rheumatoid Arthritis

Abnormal immune responses are the cause of many of our 
inflammatory diseases with serious morbidity and mortality.  
Antibodies are in widespread use to treat immunologic diseases.  
Understanding immunology helps us to better understand the 
diseases that we treat and their  therapies.  

 1) Review the immunopathogenesis of rheumatoid arthritis

 2) Discuss the concept of preclinical rheumatoid arthritis.

 3) Review the immunologic heterogeneity of rheumatoid 
arthritis.

 4) Discuss the immunologically targeted treatment of 
rheumatoid arthritis.



When thinking about our patients with immune mediated 

inflammatory diseases we need to address 2 questions:

How do perturbations in the 
normal  immune system result in 
disease?

How can we modulate the 
abnormal immune response to help 
our patients?



What is rheumatoid arthritis?



Rheumatoid Arthritis is:

 An inflammatory disease

 A destructive disease

 A systemic illness that can involve internal organs

 High incidence of co-morbidities leading to increased 
mortality (cardiovascular, infection, malignancy)

 When thinking about the immunopathogenesis of RA we 
need to account for all these aspects of the disease



Normal Synovium



Very Early RA



Rheumatoid Synovitis

Hyperplasia of synovial lining cells
Lymphocyte recruitment into 

subsynovial space



Later RA



Angiogenesis



Rheumatoid Synovitis

Prominent nodal lymphoid architecture





Insights into the Initiation and 

Progression of RA



• Genetic predisposition

• HLA-DRB1 1

• PTPN22 2

• Environment

• Prior infections 3

• Hormones 4

• Smoking 5

• Involves the entire integrated immune response3  

• CD4+ helper T cells 6

• B cells, plasma cells, and autoantibodies 7-9

• Innate immune system
• Proinflammatory cytokines: TNF-α, IL-1, IL-6, IL-17, others 9

Etiopathogenesis of RA
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Chen L, et al. BMC Proc. 2009;3 Suppl 7:S6.
Haier J. Rheumatology. 1999;38(6):504-9.
Karlson EW, et al. Arthritis Res Ther. 2009;11(3):R97.
Stolt P. Ann Rheum Dis. 2003;62(9):835-41.

Evans  HG, et al. Proc Natl Acad Sci U S A. 2009;106(15):6232-7.
Nanki T, et al. Arthritis Res Ther. 2009;11(5):R149.

Roll R, et al. Arthritis Rheum. 2006;54(8):2377-86.
Hueber W, et al. Arthritis Res Ther. 2009;11(3):R76. 



Genome-wide Association Studies (GWAS)* 
HLA and non-HLA genes have been linked to ACPA-Positive Disease

Plenge RM et al. N Engl J Med. 2007;357(12):1199-1209.

Chromosome

The grey horizontal line indicates SNPs that are significant at a genome wide level
*SNPs plotted according to chromosomal location, with the -log10 P values corrected with the use of genomic control

SNPs=single nucleotide polymorphism; MHC=major histocompatibility complex; 
TRAF1=TNF signal transduction gene; C5=complement 5 gene
PTPN22=tyrosine phosphatase –associated with B and T cell regulation

–

16

Genetic studies have identified more than 100 polymorphisms conferring risk



• Strongest genetic factor associated with an increased risk of 
developing RA:

- Polymorphisms at the HLA-DRB1 locus (chr. 6p21.3) 

- Encodes for the β-chain of the MHC class II molecule1  

Proteins involved in antigen presentation to T cells 2    

• MHC molecules containing the shared epitope (AA residues 71-
74 of the β-chain) are able to accommodate citrullinated 
peptides in the binding site

Genetic Predisposition to RA

Tayo BO, et al. BMC Med Genet. 2009; 10:142.
Weyand CM, et al. J Clin Invest. 1992; 89(6):2033-9.

Genetic polymorphisms confer 30-60% of overall risk



Shared Epitope--part of the binding site of an MHC 

class II molecule

•MHC molecules containing the shared epitope are able to 
accommodate citrullinated peptides in the binding site



Factor1 Risk Factor1 Defensive Factor1

Sex hormones Estrogen Testosterone

Oral contraceptives2

Pregnancy Pregnancy

Infections Human Parvovirus B19

Epstein-Barr virus

Hepatitis B virus

Mycoplasma

Mycobacterium 
tuberculosis

Smoking Smoking

Environment and RA

Adapted from Kobayashi S, et al. FEBS J. 2008;275(18):4456-62.
Brennan FM, et al. Arthritis Res Ther. 2008;10(2):R36.



Environmental factors may contribute to 

the development of RA

 Smoking

– Smokers are more than twice as likely to develop 
seropositive disease as age matched controls1

– Dose dependent relationship between ACPA + disease and 
duration and quantity of tobacco use2

1. Padyukov  L et al. Arthr & Rheum. 2004;50(10):3085-3092.
2. Klareskog L et al. Arthritis Rheum. 2006;54(1):38-46.



Bacteria in Lungs1

Gingival Disease (Chronic Periodontitis)2

Silica exposure3

Air Pollutants4

Viruses5

Gut flora6

Other environmental factors 

that increase risk of RA

1. Liao F et al. Medical Hypotheses. 2009;72:732–735.
2. Rosenstein ED et al. Inflammation. 2004;28(6):311-318.
3. Wegner N et al.  Arthritis Rheum. 2010;62(9):2662-2672.
4. Caplan A. Thorax. 1953;8:29-37.
5. Costenbader KH et al. Arthritis Research & Therapy. 2006;8:204
6. Kerr JR. Ann Rheum Dis. 2000;59(9):672-683.



TOLERANCE



Immunologic Tolerance

• Definition: 

– specific unresponsiveness to an antigen 
that is induced by exposure of lymphocytes 
to that antigen 

• Significance:

– All individuals are tolerant of their own 
antigens (self-tolerance); 

– Breakdown of self-tolerance results in 
autoimmunity

From Abbas, Lichtman and Pillai. Cellular and Molecular Immunology 6th ed, 2007



The principal fate 
of lymphocytes that 
recognize self antigens 
in the generative organs 
is death (deletion), BUT:

Some B cells may change 
their specificity (called 
“receptor editing”)

Some CD4+ T cells may 
differentiate into 
regulatory (suppressive) 
T lymphocytes

Central and peripheral tolerance

From Abbas, Lichtman and Pillai. Cellular and Molecular Immunology 6th ed, 2007

Central Tolerance:



APC TCR

T cell
CD28 

Activated
T cells

APC TCR
Functional
unresponsiveness

Normal T cell
response

Anergy 

Apoptosis
(activation-induced
cell death)

APC
Deletion 

APC

Block in
activation

Suppression 

Regulatory
T cell

Peripheral tolerance

Off signals

Activated
T cell

From: Abbas & Lichtman, Cellular & Molecular Immunology 5th ed  2003



IE-WHY DOES THE RA PATIENT 

RECOGNIZE SELF AS FOREIGN??

HOW IS TOLERANCE 
BREACHED??



PADI* Citrullination is the Target 

Resulting in Breaching Tolerance in RA
• Citrullination occurs at sites of inflammation1

• PADI post-translationally modifies proteins1-3

• Peptidyl arginine amino acid residues are modified to citrulline 
residues1-3

• This process occurs in multiple proteins3

RA in most patients characterized by autoantibodies that target 
citrulline-containing proteins

271. Sokolove J, et al. Arthritis Rheum. 2011;63(1):53-62.
2. Beltrami A et al. J Bio Chem. 2008;283(40):27189-27199.
3. Snir O et al. Ann Rheum Dis. 2009;68(5):736-743.

*PADI=peptidyl arginine deiminase



CITRULLINATION

Tertiary structure changed
Protein now larger  and differently charged

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLjQjuPLksgCFYh5Pgod2eIC6w&url=http://www.omicsonline.org/citrullination-a-target-for-disease-intervention-in-multiple-sclerosis-and-other-inflammatory-diseases-2155-9899.1000146.php?aid=15187&psig=AFQjCNHdx_f3DYr0eeiMoEP1wqHnSThg6A&ust=1443284400734007


Shared Epitope

• Part of the MHC 

class II molecule 

binding site

• Patients with the 

shared epitope have 

a binding site able to 

accommodate 

citrullinated self-

antigens



FLS = fibroblast-like synoviocyte; 
MMP = matrix metalloproteinase;
M = macrophage.

Rheumatoid factor
Autoantibodies

Activates

Activates

Activates
Inflammation
 Joint damage

Cytokines MMPs

B

B

T

T
T

FLS

PC

PC

FLS

MΦ
MΦ

T T

Dendritic cells

RA-associated Self-antigens

Genetic factors
Environment >>

Tolerance Breached

Innate + Adaptive 
Immunity vs Self Ags

T cells

Plasma cells

Macrophages

B cells

Etiopathogenesis of Rheumatoid Arthritis

Adapted from Choy EHS, Panayi GS. N Engl J Med. 2001;344(12):907-16.
Smolen JS, Steiner G. Nat Rev Drug Discov. 2003;2(6):473-88.



Preclinical Rheumatoid Arthritis



RA-related autoimmunity and inflammation present long before 

onset of intra-articular inflammation=preclinical RA

RA-related autoantibodies detectable 3-5 years before clinically detectable RA

 Increased prevalence and increased titers over time

 IgG isotype imparts higher risk of future RA

 Expanded number of antigenic targets over time

                Dual positivity for RF and ACPA provides stronger prediction for future RA

Levels of cytokines and chemokines elevated, increasing as patient gets closer to RA

Multiple studies in RA suggest that autoimmunity in RA originates outside the joints—
likely a mucosal site

 Lungs

 Periodontal surfaces

 GI tract

RA begins with systemic autoimmunity and inflammation (perhaps originating in the 
lungs) and spreads to the joints. 

Deane and Holers, Clin Ther 2019



What % of Asymptomatic ACPA 

Positive People Develop RA?

 Swedish twin cohort (n=12,590) born before 1959

 350/12,590 were  anti-CCP (ACPA) positive=2.78%

 103/350 had RA at time of blood donation (29.4%)

 21 of remaining 247 developed RA over 3 years 
(<3%/year)

 Increasing numbers of ACPA reactivities increased risk 
of imminent RA

 Higher ACPA titers also associated with a higher risk of 
RA

Hensvold AH et al Ann Rheum Dis 2017



How does RA transition from a systemic 
disease to an articular one? 



When and how does inflammation start in RA?

Which anatomical structures initially involved in 

preclinical RA?

Kleyer in Seminars Arth Rheum 2016

20 ACPA + individuals at risk for RA underwent MRI and HRCT



RESULTS
Substantial tenosynovial inflammation in ACPA + 

individuals at risk to develop RA

Kleyer in Seminars Arth Rheum 2016



Evolution of RA-almost lifelong process
1) Tolerance breakdown (peripheral tolerance defect).  Asymptomatic autoimmunity.

2)Innate and adaptive immune cells enter the synovial membrane.

3) Acute synovitis transitions to chronic, destructive synovitis.

(Occurs outside 
the joint-lung, gut)



Should we treat patients with pre-

clinical RA?



Probably Not

Rogier et al.  ACR 2020  #481

Arthralgia patients with subclinical synovitis demonstrated using ultrasound or MRI



StopRA Trial



Trial Design



Primary Endpoint



Results



Conclusion







Study Design



Patients



Endpoints



Primary Endpoint



Secondary Endpoints



Conclusions

Effect was maintained at 18 months



TREAT EARLIER Study

 Should one use DMARD therapy in a seropositive patient with arthralgias 
before clinically evident synovitis in an effort to avoid or delay the 
development or damage of RA?

 MTX initiated in arthralgia patients did not prevent the development of 
inflammatory arthritis.

 arthralgias > 12 weeks

 seropositive

 MRI-detected subclinical joint inflammation

 MTX did appear the modify the disease course as shown by serial MRI.

 Other endpoints better with MTX: HAQ-DI, Pain, AM stiffness, Presenteeism

                  Perhaps less severe disease, at least in the short term

https://www.thelancet.com/journals, 2022

https://www.thelancet.com/journals


Targeted Therapies

Treatments for rheumatoid arthritis (RA) prior 
to 1998 were discovered fortuitously, even 
MTX.

Now, due to a greatly improved 
understanding of the immunopathogenesis of 
the disease, we have developed targeted 
therapies.



Targeted Therapies

However, which treatment is best for the 
patient in front of you?

Fail 1 drug-allows for further disease 
progression, possible unnecessary side 
effects,  and costs $30-40,000.

How can we best maximize the likelihood 
of a therapeutic success?



Treatment Targets—T cells, B cells, Cytokines, and 

Signalling Pathways Involved in RA

tsDMARDs

Intracellular 
Signaling



Need a biomarker(s) to predict response to treatment—None available







ACPA and RF=diagnostic and prognostic of disease severity
In vitro diagnostic Products



Early RA patients with poor prognostic factors (RF, ACPA, 1 erosion) did better with Abatacept



Seropositive and seronegative patients do not respond the same to non-TNF inhibitors—
abatacept, rituximab, tocilizumab.





Early RA, Dual Seropositive, HLA-DRB1positive

EULAR 2020

Seropositive patients respond differently to abatacept and adalimumab, with 
more pronounced differences in SE-positive patients. 



Biologic processes that we call “RA” not the same between 
patients (established RA patients here)

Synovial biopsy>>4 pathotypes
Different genes associated with different pathotypes



Lymphoid=B and T cells
Fibroid=acellular

Myeloid=neutrophils and monocytes
Low inflammatory=few cells

Myeloid pathotype (serum ICAM1) responds better to anti-TNF
Lymphoid pathotype (serum CXCL13) responds better to anti-IL6R

Predict with blood test





 Molecular and histologic profiling of joint tissue from 
randomized clinical trial of RA (R4RA).

 Demonstrated different treatment responses to 2 targeted 
biologic therapies.

 Lymphoid cells associated with response to rituximab.

 Myeloid cells associated with response to tocilizumab.

 Fibroid, pauci-immune phenotype represents a refractory 
endotype.



Blood test that predicts non-response to a TNF inhibitor



QUESTIONS
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