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Developments on the physiopathology of rheumatoid arthritis,
Time for a new theory?
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Rheumatoid Arthritis (RA) is one of the three diseases most commonly seen in rheumatology consultation being cause of
a great demand in health care services globally. Its etiology remains unknown, and although attempts have been made
to recognize the target auto-antigens, it is still unknown. The immune response of these patients is characterized by the
involvement of multiple cells and effectors molecular inflammatory mechanisms. However, from this complex view emerges a common point, it is, the escape of the mechanisms of immune control. Understanding of reason and sense of loss of
tolerance, the activation of auto-reactive T cells and the generation of auto antibodies is fundamental to understand the
physiopathology of rheumatoid arthritis and develop specific immune-therapeutic strategies.

Introduction
Rheumatic diseases cause a high demand on health services, it has
been estimated that about 33% of the general population at some
point in their lives has a rheumatic disease [1].
RA is one of the three most common diseases in the outpatient Rheumatology with an estimated prevalence of up to 47.1% [2].

During the last decade, research on the pathogenesis of RA has focused
on the idea that there is involvement of multiple effector cells and molecular mechanisms of the immune system. However, from this complex
view emerges a common point, that is, to escape the immune control.
In this way the fundamental aspects in the pathogenesis of the disease
are the understanding of the loss of tolerance, the activation of autoreactive T cells and the generation of autoantibodies.

This disease presents a very real risk of functional impairment, since it
was found that a decade after the onset of symptoms, at least 50% of
patients are unable to maintain a full time job [3].
Additionally, patients with RA have an increased in the mortality rate [4].
The etiology of RA remains unknown. Like other autoimmune diseases, is
characterized by an alteration in the immune response in the presence of
chronic inflammation and production of autoantibodies (Figure 1).
Through the years, several paradigms have been broken in what respects
to the pathogenesis of this disease. Weyand and Goronzy in 1997 [5] proposed a new model for the physiopathology of RA, which integrates genetic risk factors and the complexity of the inflammatory responses.
This model assumes that the host’s immune response is not involved in
the initial process of the disease, but in a first stage, the host is exposed to
a large number of antigens secondary to synovial tissue damage, by multiple causes and that in parallel, several genes of the immune response
such as HLA, immunoglobulin genes and T-cell receptors, have an impact
on the kind of response that develops against these antigens. In a second
stage, then, arises the autoimmune response, where the immune system
cells, specifically self-reactive T cells, create a response against these antigens and origins an inflammatory process around, with the presence
of cells such as macrophages, T cells, B and neutrophil embedded in the
inflamed synovial membrane. The production of antibodies and immune
complex formations, which in turn causes the recruitment of a greater
amount of inflammatory cells and their products [6].
© Under License of Creative Commons Attribution 3.0 License

Figure 1. Cells and molecules involved in the physiopathology of rheumatoid arthritis. * The factors
1) genetic susceptibility, 2)
presence of infection (molecular mimicry) or tissue destruction, with the release of “signs of damage” and
3) postraductional changes that origin changes in a protein. ∞ T Cells CD4+, carry out both effector
functions (activation of macrophages and production of pro-inflammatory cytokines) as cooperating
functions (stimulation of B cells to produce antibodies of high affinity). ‡ The effector functions of B
cells include: 1) antibody production, 2) antigen presentation, 3) activation of antigen presenting cells,
4) modulation of T cells and 5) synthesis of cytokines. CPA antigen presenting cell, PMNs polymorphonuclear.
that could participate in the loss of tolerance to cause autoimmunity are:
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HLA: The shared epitope
Several studies have already shown a strong correlation between the
presence of RA and some alleles of HLA-DR. The HLA-DRB1 * 0401 and
HLA-DRB1 * 0404 (encoding the molecule DR4dw4) are most commonly found and their presence is associated with a more severe disease
with high mortality [7, 8]. These HLA-DR molecules share a common
sequence in the third hyper variable region (shared epitope), these reasons consist of amino acids 70QRRAA74 in 70QKRAA74 in DRB1 * 0401
and DRB1 * 0404, respectively [9]. These five amino acids are found at
the peptide union point and are therefore of utmost importance during the antigen presentation.
Genetic studies, which assess the contribution of HLA to the physiopathology of RA, have shown that the risk to suffer from this disease in
siblings of affected individuals is 2-17 times higher than in unaffected
siblings of individuals [10]. It has also described the association between RA and the HLA complex in different populations, being up to
approximately one third of genetic component for susceptibility in the
disease [10].

AUTOANTIBODIES IN THE PHYSIOPATHOLOGY OF RA
A prominent feature of RA is the presence of several types of autoantibodies. Furthermore, this disease is one of the few in which the presence of structures similar to ectopic germinal centres can be found in
the inflamed synovial membrane [11, 12]. This feature suggests the
presence, activation, differentiation and local production of antibodies
by B cells [13].
The contribution of these antibodies to the disease starts with direct
union of these antibodies to their antigens, immune complex formation, deposition and complement activation and Fc receptors, production of chemiotactic factors and recruitment of polymorphonuclear
involved in the inflammatory reaction by the production of proteases
that cause tissue damage [14, 15].
The antibody best known and used is the rheumatoid factor (RF), which
is an autoantibody directed against the Fc portion of IgG molecules.
Although it is not specific to the disease is routinely used for the classification of RA [16].
Recently emerged interest in a new class of autoantibodies specific for
RA, antibodies against cyclic citrullinated peptide (aPCC), which achieve
a 98% of specificity and sensitivity of 80% [17, 18]. These antibodies
aPCC belong to the family of autoantibodies against perinuclear factor
(APF) [18, 19]. The epitope of this group of antibodies are the waste in
which the arginine is converted by the peptidyl arginine desaminase
(PAD) to a citrullinated product through postraductional modifications
[20, 21]. From there, this group of autoantibodies are known as antibodies against citrullinated proteins.
One study in particular, highlights the presence of these antibodies in
asymptomatic individuals (blood donors) who subsequently would develop RA; in this way, they are given a high positive predictive value [22].
This indicates that the citrullination of proteins and antibodies production, are early processes involved in the development of AR [23, 24].
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Figure 2. Consequences of citrullination of arginine residue. The desamination of arginine residue to
convert them into citrulline is a catalytic reaction carried out by the enzyme peptidyl arginine desaminase

(PAD). The replacement of basic arginine residues for to neutral citrulline residues causes alterations in

the covalent bonds, resulting in a loss of the tertiary structure of the protein and exposure of previously
hidden points within the physiologically folded structure.

On the other hand, the presence of citrullinated proteins in sinovium
is not associated to the presence of aPCC in patients with AR, since it
was demonstrated that even when there are citrullinated proteins in
inflamed sinovium because of different factors, other than RA, it is not
detected the presence of antibodies aPCC [25]. For this reason, it has
been postulated that the presence of these proteins with citrullinated
peptides may be a phenomenon associated with inflammation [26],
this would explain the presence of citrullination in inflammatory arthropathies different to RA.
In a study by Verport et al [27], it was demonstrated the presence of
aPCC IgM class, on a continuous basis during the course of RA, this indicates that during the disease there is an active recruitment of new B
cells to the immune response originally mounted, reflecting an ongoing re-activation and persistence of the trigger antigen of the production of antibodies against citrullinated residues.
There are two possible explanations for the involvement of these antibodies in the pathogenesis of RA:
The first is that, secondary to an increase in the amount of citrullinated
antigens, specific of RA, there is a specific immune response and thus
the production of specific antibodies. However, the presence of citrullinated proteins has proven to be a phenomenon present in any inflamed
synovial tissue [25]. The second possibility is that patients with RA may
have an abnormal humoral response to these proteins and produce in
an exaggerated form a large amount of antibodies.
Recently it was demonstrated the presence of antibodies directed
against the enzyme PAD IV in serum of patients with RA [28], both in
Japanese and Caucasian populations. Although rare, its presence is
highly specific when compared with Systemic Lupus Erythematosus
SLE and healthy subjects. In addition, we were able to establish an association between high concentrations of these antibodies with a more
severe AR and it was strongly associated with the presence of antibodies aPCC. The formation of complexes between PAD IV and its substrate
(citrullinated peptide) could act as hapten carrier and be recognized by
B cells through BCR either specific for PAD IV or citrullinated substrate.
In this way, it is possible the production of antibodies against either
the enzyme PAD IV or against the citrullinated peptide and present any
epitope to a specific CD4+ T cell.
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CITRULLINATED RESIDUES
Under normal conditions only few proteins contain citrullinated residues. Citrullinated residues, must differentiate from citrulline in a free
form, whose metabolism begins in the small intestine, where it synthesizes and ends in the kidney, where it is degraded [29]. This citrulline is
produced regardless of citrulline in a peptide form. The generation of
citrulline in a peptide form is dependent of PAD enzymes, which as part
of postraductional modifications, convert basic arginine residues to citrulline residues neutral. To date we have identified five isotypes of this
enzyme. Enzymes are distributed in different tissues: PAD I is mainly
expressed in epidermis and in the female reproductive tract; PAD II in
skeletal muscle, spleen, brain and secretory glands; PAD III in pilose follicles, PAD IV in neutrophils, eosinophils and skeletal muscle; PADVI in
ovaries, embryos in early stages of development and zygotes [30].
There is a theory that supports the possibility of an increase in the
amount of citrullinated antigens, this suggests that the presence of
polymorphisms and even the presence of a particular haplotype was
associated with the presence of RA, as described by Suzuki et al [31] .
It consists of four single nucleotide polymorphisms (SNPs) located in
exons 2, 3 and 4 of the gene PADI4, located on chromosome 1, region
1p36, which encodes for the enzyme peptidyl arginine desaminase IV
(DAP IV). The presence of this susceptibility haplotype in Japanese population was associated with an increased stability of the transcript [31,
32] Indeed, in theory, could lead to an increase in levels of PADIV and
hence the citrullination of more epitopes. These citrullinated epitopes
then become a target for auto-antibodies specific to RA (aPCC antibodies) and when a greater number of these immune complexes is generated would favor the generation of this autoimmune disease. This theory is verified in part after Vossenaar et al findings [33], when reporting
that patients who were homozygous for the susceptibility haplotype
had significantly higher degrees of aPCC antibodies (87% vs. 67%, p
<0.05 ) compared with patients heterozygous and homozygous for the
non-susceptibility haplotype. However, it is still necessary to verify that
the enzyme levels are high, and even high levels of citrullinated antigens in individuals carrying the susceptibility haplotype.
It is also important to note that not only the presence of cells expressing these enzymes in synovial tissue is a prerequisite for the development of citrullinated antigens, as for the activation of those enzymes
normally located intracellularly, an increase in concentration of cytosolic Ca+2 is necessary [34].
During cell death, the integrity of the plasma membrane is lost, the
enzymes can then leave the cell and activate as the concentrations of
extracellular Ca +2 exceed the threshold of activation of those enzymes
(10-5 mM) in this way, it is induced the citrullination of extracellular proteins or can be activated inside the cell to increase the influx of Ca+2
and in this way citrulline intracellular proteins [35].
Moreover, given the conversion of arginine to citrulline, the amino
group of the positively charged lateral chain is changed to a neutral
carboxyl group, which would affect the ability of peptides to bind covalently with HLA molecules.
In DRB1 * 0401 transgenic mice, the citrullination of peptides not only
increased the affinity between peptide and the major histocompatibility complex (MHC) but also led to activation of CD4+ T cells [36].
© Under License of Creative Commons Attribution 3.0 License

Moreover, this catalytic process, can cause changes in the primary, secondary and tertiary protein structure (Figure 2). In vitro studies have
shown that high citrullination can cause protein denaturation [37]
However, why as a physiological process as is citrullination, would be
firing autoimmune responses?
Possible explanations for which the generation of citrulline in peptide
form, being a physiological process and present in most individuals
is soon recognized as strange or dangerous could be: 1) increase in
production, resulting in loss of tolerance T cells, 2) impairment in the
ability of these peptides to bind to molecules in the presence of the
HLA shared epitope and 3) change in three-dimensional structure of
the protein resulting in exposure of primary or secondary structures,
not being exposed before to the immune system, or alterations in the
binding of these proteins with others.

ESCAPE TO THE MECHANISMS OF TOLERANCE
The immune system has evolved in an efficient way to remove what it
does not belong to it or what it is dangerous according to Matzingen
[38]. The establishment and maintenance of tolerance towards what is
part of it is a fundamental property of the immune system, and fails in
this tolerance leads to the generation of autoimmunity.
Central tolerance involves the elimination of auto-reactive T cells during their development in the thymus, since the only class of antigens
present in high concentrations in this body, are own antigens. In this
way, those lymphocytes that recognize and react against own antigens
are eliminated (negative selection). However, a number of auto-reactive T cells escape to this selection and exit to the periphery. These lymphocytes could activate and cause autoimmunity. Peripheral tolerance
ensures that self-reactive T cells that escaped the control of central
tolerance are eliminated, being leaded to the apoptosis or are unable
to mount an immune response remaining in anergic state. Foreign antigens, not dangerous or of its own are captured and transported to
peripheral lymphoid organs.
One of the mechanisms employed by the peripheral tolerance is
achieved by the regulating cells of the immune system, called Tregs,
they delete directly the auto-reactive cells. Several cytokines can influence the activity of Tregs cells, negatively or positively. The main sponsor of the activity of Tregs are IL-2 and TGF-b, whereas cytokines that
promote Th17 response type (pro-inflammatory), decrease the activation and function of Tregs [39].
The decision of the T cell to activate or be tolerant is determined by the
characteristics of the antigen and the regulation in the responses of the
T cell mediated by the presence of different cytokines.
The beginning and the pathological consequences of the autoimmune
diseases are often associated with the presence of alterations in the
functional balance between pro-inflammatory cytokines (Th1 and
Th17) and immune-regulators / modulators (Th2) [40].

CONCLUSIONS
Despite the efforts to recognize the target of autoimmunity in this pathology, it is still unknown. The question is whether these citrullinated
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residues present in excess could lead to a loss in tolerance, and if so,
what process of the phenomenon of tolerance is affected?
If the autoimmune response is being generated to a secondary process
caused cell death, we should ask ourselves if the recognition of these
antigens is indeed a type of autoimmune response or an effort of the
immune system to get rid of cells that are under stress situations .
Yet it is needed to characterize the inflammatory exacerbated response
in these patients, in terms of priority, in other words, Is the presence of
a pro-inflammatory response necessary for RA to be generated? o The
presence of inflammation is secondary to the onset of the disease, and
the same in terms of involvement of auto-antibodies, are they a triggering phenomenon? or consequence of the disease.
The globally comprehension about the origin, development and function of the different cell types involved in the generation of autoimmunity and their contribution to cause a loss of tolerance, will generate
valuable knowledge for the development of new therapeutic options.
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