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Prevalence and Impact of 
Rheumatoid Arthritis (RA)

Autoimmune diseases represent 
a heterogeneous group of chronic 
disorders affecting about 5% of the 
population and in which the immune 
system targets one’s own body tissues 
causing progressive damage to tissues 
and organs. Rheumatoid arthritis 
(RA) is one of the most prevalent 
autoimmune diseases worldwide, 
and once established, it is typically a 
lifelong disease that can be suppressed 
effectively with medications but not 
cured. 

Although RA is usually first diagnosed 
in clinical settings when individuals 
present with swollen and painful joints, 
it is now known that this is preceded 
by a prolonged preclinical phase 
where genetic and environmental 

factors interact to initiate the 
damaging autoimmune mechanisms 
that ultimately lead to disease. It is 
speculated that the detection of RA 
autoimmunity at this preclinical phase 
may afford opportunities for disease 
prevention and cure that cannot 
otherwise be achieved once RA is fully 
established.

Studies of RA in Indigenous North 
American (INA) Peoples

Many (but not all) Indigenous 
Peoples in North America exhibit 
disproportionately high rates of RA. A 
recent analysis from a large healthcare 
database in the Canadian Province of 
Manitoba showed that RA is 2–3 times 
more prevalent in Indigenous Peoples 
living in the Central Plains region (Cree, 
Ojibwa, Oji-Cree, Anicinabe and Dene), 
collectively known in Canada as First 

Nations (FN), compared to all other 
non-FN Manitobans. Furthermore, 
this FN population exhibits a much 
younger age of disease onset, frequent 
clustering of RA cases in families, and 
a tendency towards severe, rapidly 
disabling disease based on the frequent 
involvement of large joints such as 
the knees, elbows, shoulders, and 
hips. Thus, this common autoimmune 
disease is particularly devastating in the 
FN population, and understanding the 
biological basis of this is a key first step 
to improving the outcomes.

Gene-environment Interactions 
That Promote RA Autoantibody 
Development

The hallmark of many autoimmune 
diseases is the development of specific 
autoantibodies by the immune system 
that target normal self-antigens. 

EMERGING APPROACHES 
TO THE DETECTION 
AND PREVENTION OF 
RHEUMATOID ARTHRITIS 
IN A PREDISPOSED 
INDIGENOUS NORTH 
AMERICAN POPULATION 

Rheumatoid arthritis (RA) is a long-term, systematic disease that 
causes pain, swelling and stiffness in the joints. Professor Hani El-
Gabalawy and his research team from the University of Manitoba in 
Canada are finding ways of better identifying those at risk for future 
RA as a prelude to developing and testing prevention strategies. 
Since other autoimmune diseases are known to have similar 
preclinical phases, prevention strategies that can effectively lower 
the risk of developing RA can potentially be adapted and applied to 
a broad range of similar disorders.
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In targeting self-antigens, these 
rogue autoantibodies are capable of 
continually activating the full force of 
the body’s inflammatory response, 
a powerful tool which is designed to 
rapidly and efficiently eliminate harmful 
bacteria and viruses. This inappropriate 
and unchecked autoimmune-mediated 
inflammation then causes irreversible 
damage to the cells, tissues, and organs 
that express their targeted self-antigen. 

Autoimmune diseases become chronic 
and lifelong because the self-antigens, 
by their nature, always persist and 
cannot be eliminated the way that 
microbes are eliminated. Once the 
immune system develops a ‘distaste’ 
for a self-antigen and targets it, the 
response becomes exceedingly difficult 
to turn off and tends to amplify over 
time. 

In RA, the most specific autoantibodies 
are anti-citrullinated protein antibodies 
(ACPA). The targets of these ACPA are 
proteins that contain the amino acid 
citrulline. Citrulline is generated in 
multiple proteins by a normal enzymatic 
reaction called citrullination where the 
amino acid arginine is slightly modified. 
Although the physiological roles of 
this common process continue to be 
explored, citrullination is an entirely 
normal biochemical reaction that 
occurs in everyone during inflammation 
and normal cell death. It can perhaps be 
thought of as part of the body’s garbage 
collection system where specific 
proteins are marked for waste disposal. 

So why do citrullinated proteins become 
the target of RA autoantibodies? 

Multiple studies over the past 3 decades 
clearly point to specific interactions 
between an individual’s genetic 
makeup and environmental factors. 
Both the genetic and environmental 
factors are quite common, and each 
alone is insufficient to generate RA 
autoimmunity. 

More than one hundred different genes 
are associated with an increased risk of 
RA. Of these, the HLA genes are by far 
the most powerful predisposing genetic 
factors. HLA genes are responsible for 
making HLA proteins that are expressed 
on the surface of immune cells and 
regulate normal immune responses, 
particularly those of the adaptive 
immune system which generates 
immune memory. Individual variations 
in HLA genes are the reason why one 
individual can respond to a specific 
microbe in a highly effective manner 
while the next individual mounts a 
weaker and less effective response. 

Specific variants of the HLA-DRB1 gene 
(and in turn, the surface proteins it 
encodes) are the primary risk factor for 
RA. There are several HLA-DRB1 variants 
known to be associated with RA in 
populations worldwide, most of which 
have a common amino acid sequence in 
their structure which has been termed 
the ‘shared epitope’ (SE). Individuals 
carrying HLA-DRB1 variants with this SE 
sequence are more likely to recognize 
and process autoantigens containing 
the amino acid citrulline in their 
sequence and then activate the immune 
system to respond to these proteins in 
an inflammatory manner. 

Predisposed First Nations have a 
particularly high prevalence of HLA-
DRB1*1402, an SE encoding allele 
that is essentially unique to the FN 
population. It is overrepresented in 
multiple Indigenous North American 
populations, all of which seem to 
have an increased risk of developing 
RA. The reasons why this HLA allele 
is so common in INA populations are 
intriguing and suggest that it may 
have afforded a survival advantage, 
possibly through enhanced immunity 
to particular infections, such as those 
brought to the New World from the 
Old World. Studies of skeletal remains 
before colonization suggest that RA 
may have been present in the Americas 
for thousands of years, whereas it did 
not appear in the Old World until after 
the Americas were colonized. Thus, 
HLA-DRB1*1402 may be the ultimate 
two-edged sword where increasing 
protecting from a deadly infectious 
disease are achieved at the expense 
of increased risk for developing the RA 
autoimmune disease.

To better understand the risk of RA 
development in FN People, and 
with uninterrupted funding from the 
Canadian Institutes of Health Research, 
in 2005 Professor Hani El-Gabalawy and 
his research team from the University 
of Manitoba established a prospective 
longitudinal cohort study of the close 
relatives of FN RA patients. This research 
methodology allows the study of 
individuals over time, and the aim here 
was to identify individuals at highest 
risk for developing future RA and follow 
them into disease onset. In turn, this 
would improve the understanding of 
how the autoimmune mechanisms that 
are established during the preclinical 
phase evolve and ultimately lead to the 
development of the highly destructive 
RA phenotype that is seen in this 
predisposed population. Fifteen years 
later, when the study participants who 
developed the earliest stages of RA were 
compared to the large number who did 
not, important insights were gained into 
how RA starts, and which autoimmune 
mechanisms need to be interrupted to 
potentially prevent onset. 
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Tools with Which to Study the Preclinical Phase of RA

Seminal retrospective studies from Sweden and the 
Netherlands showed that individuals who ultimately developed 
RA had detectable autoantibodies in their stored serum 
samples which had been obtained at the time of donating 
blood. Studies of stored serum samples available in a large 
repository obtained from USA military personnel have 
demonstrated similar findings, both for RA and the related 
autoimmune disease systemic lupus erythematosus (lupus). In 
all cases, the levels of the autoantibodies increased as disease 
onset approached, while the scope of self-antigens that were 
targeted by the autoantibodies expanded. 

The majority of the known environmental risk factors for RA 
and lupus have been identified through case-control studies, in 
which diagnosed patients are directly compared with healthy 
individuals. Although this method has limitations because the 
data are collected primarily from the patient’s recollection 
of exposure to environmental factors (and thus may not 
be entirely accurate), it is still very useful in exploring the 
association of an autoimmune rheumatic disease (ARD) with a 
specific risk factor. Notably, tobacco smoke has been identified 
as a strong risk factor for RA in several studies. However, 
whether smoking contributes to the initiation or propagation of 
RA still needs to be determined. 

Predicting the Development of RA

Since ACPAs are a good biomarker for the imminent onset of 
RA, Professor El-Gabalawy’s research team explored this further. 
The SE may contribute to an increased immune response 
against citrulline-expressing cells, but it does not explain the 
high levels of ACPAs in seemingly healthy individuals with no 
clinical evidence of the disease.

A study published in 2019 further refined the concept of RA 
biomarkers by characterising which ACPA molecules are 
associated with a higher risk of developing RA. It was confirmed 
that ACPA that feature additional sugar molecules in their 
structure called N-glycans are a particularly strong predictor 
of developing future RA. The ACPA, like all other antibodies, 
are produced by B lymphocytes and their offspring cells called 
plasma cells. In a normal immune system, the B lymphocytes 
go through consecutive cycles of maturation after being 
exposed to their target antigens to produce antibodies with 
a high affinity for the antigen so as to effectively eliminate 
bacteria and viruses. The addition of the N-glycans seems to be 
unique to the ACPA but does indicate that the B lymphocytes 
that produced these antibodies have undergone cycles of 
maturation, with the help of other lymphocytes called T 
helpers. Why this maturation occurs to produce antibodies 
again a self-antigen remains unclear and is an area of active 
research in several laboratories around the world. 

Professor El-Gabalawy hypothesised that the detection of 
N-glycans in ACPA seropositive individuals could therefore 
serve as a better biomarker for future RA development and help 
improve the predictive capacity of the ACPA testing. Besides 
ACPA autoantibodies, the group also found multiple other 
proteins circulating in the blood that could further improve 
this predictive capacity and allow for targeting prevention 
treatments to individuals at highest risk for developing RA.
	
The Development of Inflammatory Arthritis (IA) in Relatives	
			 
RA in Indigenous Peoples tends to run in families, with a 
clustering of RA antibodies and inflammation markers found 
in first-degree relatives of RA patients. In a study published 
in 2019, Professor El-Gabalawy and his colleagues followed 
relatives with RA for 12 years and reported the link between the 
development of inflammatory arthritis (IA) and the prevalence 
of autoantibodies in FN families with RA. The study showed 
that relatives of patients with RA have an increased likelihood 
of being seropositive for ACPAs and rheumatoid factor (RF), and 
also for developing IA.

However, findings indicated that the prediction of RA based 
on autoantibodies should be approached cautiously, as these 
prospective observations indicated that a very large proportion 
of patients that were initially positive for either or both ACPA 
and RF tested negative after 5 years. Despite a high incidence 
of IA in the Indigenous (FN) families with RA, seropositive 
individuals did not necessarily develop IA and might even 
revert to a seronegative state, reflecting an absence of the 
antibodies found in seropositive patients.

Therapeutic Strategies and Limitations of the Detection of 
Autoantibodies

Although identifying at-risk populations is critical to disease 
prevention, commercial assays are progressively being 
developed that increase the sensitivity and specificity of the 
diagnosis of RA. Double seropositivity for both ACPAs and RF 
is associated with the highest probability of developing IA. 
Some therapeutic strategies aim to reduce specific circulating 
autoantibodies and there are many on-going clinical trials 
currently testing different drugs such as hydroxychloroquine for 
their disease modifying effects. 

The likelihood of becoming seronegative, after showing 
the presence of detectable ACPA, suggests that the current 
understanding of RA based only on the presence of ACPAs and 
RF seropositivity is insufficient. Therefore, it is necessary to 
continue the study of the earlier phase of autoimmune disease, 
via prospective and longitudinal studies, to provide clinically 
actionable guidelines for ARDs. Professor El-Gabalawy and 
his team are hard at work to gather such prospective data on 
at-risk individuals to understand both the development and 
the evolution of this disease, and to develop biomarkers that 
improve both diagnosis and prognosis in ARDs such as RA. 
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