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ABSTRACT

Rheumatoid arthritis (RA) is an autoimmune disease associated with polyarticular inflammatory synovitis affecting
mainly peripheral joints. It affects approximately 1% of the world population, being two to three times more prevalent
in women. Rheumatoid arthritis has a complex and multifactorial pathogenesis. The synovium of the affected joints
is infiltrated by T and B lymphocytes, macrophages, and granulocytes. The rheumatoid synovium has proliferative
characteristics, forming the pannus, which invades cartilage and bone, leading to normal architecture destruction and
function loss. The decreased expression of complement regulatory proteins (CRP) seems to play an important role in
RA activity, and is associated with worsening of the clinical symptoms. In several models of autoimmune diseases, the
overactivation of the complement system (CS) is the cause of disease exacerbation. This article aimed at reviewing the
main aspects related to CS regulation in RA in order to provide a better understanding of the potential role of this system

in the pathophysiology and activity of the disease.
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RHEUMATOID ARTHRITIS

Rheumatoid arthritis (RA) is a chronic inflammatory dis-
ease that affects mainly diarthrodial joints and periarticular
structures, and can acquire a systemic character. Rheumatoid
arthritis affects approximately 1% of the world population,
being two to three times more common in women.'

The etiology of RA has not been completely clarified.
However, environmental and genetic factors have contributed
to the development of the disease. In the early stages of RA,
proliferation and edema of the synovial layer cells occur, with

infiltration of B and T cells, macrophages, and granulocytes.
The synovium thickens, and the joint becomes swollen and
painful. With progression, synovial proliferation leads to the
formation of pannus, a tissue that invades the articular cartilage
and bone. Joint destruction is irreversible. Osteoclasts reabsorb
bone, and there is release of proteolytic enzymes, such as metal-
loproteinases, aggrecanases, and cathepsins, responsible for the
destruction of extracellular matrix constituents, including bone
and cartilage proteoglycans.? Neovascularization of the syno-
vial layer surrounding the joint and of the pannus is evident.’
As a result, cartilage and bone lose their normal architecture
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and function, leading to joint deformation, instability, pain,
and inflammation.*

Synovial hyperplasia is a striking characteristic of RA
patients, with overgrown membranes and villous projections
of the synovium. The presence of autoantibodies, such as rheu-
matoid factor (RF) and citrullinated peptide antibody in the
serum, provides an autoimmune character to the disease. The
systemic characteristic of RA is represented by the potential
impairment of multiple organs, which can be associated with
the presence of these autoantibodies; however, this mechanism
has not been well elucidated.'

COMPLEMENT SYSTEM

The complement system (CS) is composed of receptors and
regulators bound to the cell membrane and different plasma
proteins that interact with cells and mediators of the immune
system (Figure 1).> More than 30 proteins act synergically to
provide host defense against cells, microorganisms, and tissues
identified as abnormal by a specific antibody. Most proteins are
synthetized in the liver; however, myeloid cells, fibroblasts,
and epithelial and endothelial cells can produce them.®
Evidence in the literature suggests that CS has an impor-
tant immunoregulatory function through its role in humoral
immunity, T cell immune modulation, and regulation of the
tolerance to its own nuclear antigens. Although recognized by

its highly efficient role in the defense against pathogens, such
as bacteria, and cells infected by virus and parasites, the CS
has also gained the attention of researchers due to its potential
to damage cells of its own organism, because it is a complex
system composed of several effector and receptor molecules
involved in multiple immune responses.’

The complement cascade (CC) can be divided into four
major phases: early complement activation; C3-convertase
activation and amplification; C5-convertase activation; and
formation of the membrane attack complex (MAC). Once
activated, the CC generates effector molecules that interact
with cell receptors indiscriminately. However, progression of
the cascade is regulated by multiple regulatory and inhibitory
molecules at all levels of the cascade.”

Early complement activation

Complement is activated through three different pathways. The
alternative pathway is spontaneously and constantly activated
on cell membrane, plasma, and other fluids. The classical path-
way is triggered by an antibody bound to the target antigen.
The lectin pathway begins when mannose-binding lectin, a
soluble component of the organism, binds to carbohydrates
present on the surface of the target microorganism. In 2006,
Huber-Lang et al.® reported an additional complement activa-
tion pathway, independent of the C3 action, and mediated by
the action of thrombin on C5 convertase. Other complement
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Complement can be activated through
the classical, lectin, and alternative
pathways. The C1 component is
composed of Clq, Clr, and Cls, and
recognizes the immune complex
bound to cell membrane; mannose-
binding lectin (MBL) recognizes cer-
tain carbohydrates on the membrane
of some specific pathogens; and C3b
recognizes carbohydrates present on
the membrane of pathogens. All acti-
vation pathways originate the forma-
tion of C3 and C5 convertases, which
generate anaphylatoxins C3a and
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Table 1

Major inhibitory functions of complement regulatory proteins CD55/CD59

Protein Complement regulatory function
CD55 Inhibits C3 and C5 cleavage by inhibiting the formation of new C3 and C5 convertases, in
addition to accelerating the degradation of these pre-formed enzymes.
CD59 Interferes directly with the structuration of MAC through its physical incorporation in the complex
being formed, preventing C9 units from binding to the C5b-8 complex.
CD46 Binds to the opsonins C3b and C4b, acting as a cofactor in their proteolytic degradation by the serine protease factor I.
CD35 Interacts with C3b and C4b to promote neutrophil-mediated phagocytosis. Acts as a

cofactor to inactivate C3b and C4b to iC3b and iC4b through factor I.

activation pathways occur through proteases, such as plasmin,
plasma calycrein, and elastase, which cleave and activate C3.°
The activation of each of these pathways results in the first
enzyme of the cascade, C3 convertase.

C3 convertase and amplification

C3 convertase cleaves the central component of complement,
C3, into C3a, an anaphylactic and antimicrobial peptide,
and opsonin C3b. In the classical and lectin pathways, C3
convertase is formed by a fragment of C4b and C2a (C4b2a),
while, in the alternative pathway, C3b and factor Bb are part
of this enzyme (C3bBb).” Cleavage is followed by a reaction
of amplification that generates additional C3 convertases,
leading to the accumulation of more C3b close to where they
are generated.” The C3b fragments cover microbial surfaces
or cell debris undergoing apoptosis, and signal these particles
for rapid phagocytosis. On the membrane surface of its own
intact cells, under normal conditions, C3b accumulation is
prevented by complement regulatory proteins (CRP), inhibiting
progression of the cascade. Subsequently, C3b is inactivated
and degraded. Its degradation products mediate other important
effector functions.”

C5 convertase

If activation progresses, a new enzyme is generated, C5 con-
vertase (C4b2a3b for the classical and lectin pathways, and
C3bBbC3D for the alternative pathway). This enzyme cleaves
C5, releasing the powerful anaphylactic peptide, C5a, and the
fragment that induces the final phase, C5b.”?

MAC formation

C5Db recruits the components C6, C7, C8, and C9 for the target
surface. The change in conformation of these soluble and hy-
drophilic proteins and their aggregation induce the formation
of a complex, in which the functional unit is a pore inserted
in the phospholipid bilayer that interferes with the property

Rev Bras Reumatol 2011;51(5):497-510

of membrane selective permeability, allowing the entrance of
water, ions, and small molecules into the cytosol, leading to
cell lysis.!” Recent studies have reported additional functions
to MAC, including the stimulating activity on T helper cells
and platelet activation.'!?

In an acute inflammatory reaction, complement acts at all
phases by activating pro-inflammatory mediators, producing
anaphylactic peptides, cytolytic and antimicrobial components,
recruiting cells, and inducing effector responses. Complement
has other biological activities in the organism, such as op-
sonization and phagocytosis, solubilization and removal of
immune complexes (IC) and apoptotic cells, and interface be-
tween innate and adaptive immunity. In addition, complement
participates in angiogenesis, mobilization of hematopoietic
progenitor cells, tissue regeneration, and lipid metabolism.
These effects occur by binding the activation products with
specific membrane receptors present in different cell types.’

Complement regulatory proteins
CD55, CD59, CD46, and CD35

To prevent complement-mediated injury, normal cells have
regulatory mechanisms constituted by proteins categorized
into two major classes: soluble in biological fluids, such as
properdin and factor H; and cell-membrane-anchored proteins,
such as CD55 (or decay-accelerating factor — DAF), CD59
(or membrane inhibitor of reactive lysis — MIRL), CD46 (or
membrane cofactor protein — MCP), and CD35 (or complement
receptor type 1 — CR1) (Table 1).1?

Regulatory cell-membrane-anchored proteins control the
three complement activation pathways. Regulatory soluble
proteins are more specific and control either the alternative or
the classical or the lectin pathways, acting almost exclusively
on C3 or C4. This review approaches exclusively the regula-
tory cell-membrane-anchored proteins.

The mechanism of action and the way these proteins at-
tach to the cell membrane differ amongst themselves. CD55
prevents the cleavage of C3 and C5 by inhibiting the formation

499



Piccoli et al.

of new C3 and C5 convertases, in addition to accelerating
the decay of these pre-formed enzymes.' The protein CD59
interferes directly with the structuration of MAC through its
physical incorporation in the forming complex, preventing C9
units from binding to the C5b-8 complex.!* On the other hand,
CD46 and CD35 act on the C3b and C4b inactivation. CD35
also participates in the IC processing and cleaning.'

The CD55 is a globular glycoprotein anchored to the mem-
brane by glycosylphosphatidylinositol (GPI)." It is expressed
in different cell types and found in the soluble form in tears,
saliva, urine, synovial fluid, cerebrospinal fluid, and plasma.'®
In addition to its function of complement regulation, it acts as
a negative modulator of the T cell response,'” and seems to
protect cells against the natural killer (NK)-mediated lysis.'®
In the epithelial mucosa, CD55 regulates the movement of
neutrophils through epithelial layers." It also acts as a ligand
of intercellular adhesion, interacting with CD97 in leukocytes,*
and as a receptor for certain virus and microorganisms.*!

CD59 is also a globular glycoprotein anchored to the
membrane by GPI. Because it plays a crucial role in prevent-
ing damage to its own cells by the inadequate accumulation
of MAC, this protein is widely expressed in most tissues and
all circulating cells, such as synovium, erythrocytes, and
leukocytes. Its role in the complement regulation has been
well defined. However, properties of cell signaling have been
evidenced due to its location inside the lipid layers — central
for immune synapse formation.”> CD59 seems to be involved
in T cell adhesion and activation,?® neutrophil activation
through tyrosine kinase,?* and cell death induction.” In ad-
dition, Omidvar et al.,*® assessing the significance of CD59
on target cells in modulation of cytotoxicity, have reported
an increased susceptibility of CD59-expressing target cells to
NK cell-mediated lysis.

Membrane cofactor protein or CD46 is a transmembrane
protein expressed in all cells, except for erythrocytes.! Its
major function is to protect autologous cells from comple-
ment attack through C3 inactivation. It binds to opsonins C3b
and C4b, acting as a cofactor in their proteolytic degradation
through serine-protease factor I.1* In addition to its role in
innate immunity, CD46 also regulates the acquired immune
response. The co-stimulation of CD4" T cells with CD46 in-
duces the proliferation of these cells and differentiation to a
specific class of regulatory T cells, called Tr1?” and character-
ized by expressing interferon y (IFNy), interleukin 10 (IL10),
and other molecules.?

Changes in surface molecules during apoptosis, due to
CD46 and CD59 loss, allow cell death to occur due to comple-
ment activation and consequent opsonization by C3b and C4b,
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followed by phagocytosis.” CD46 is a receptor of a growing list
of human pathogens, such as human herpes virus 6, measles
virus, Streptococcus pyogenes, adenovirus, Neisseria sp.**!
The ubiquity of surface expression, regulatory activity, and
cell signaling contribute to make CD46 the target of multiple
pathogens.*?

The formation and accumulation of IC is one of the im-
mune mechanisms that occur in RA and other autoimmune
diseases. In physiological conditions, these complexes can
be removed from the bloodstream via complement receptors
(CR), such as CD35. CD35 is a transmembrane single-chain
glycoprotein® that interacts with C3b and C4b to promote
neutrophil-mediated phagocytosis, and acts as a cofactor to
inactivate C3b and C4b to iC3b and iC4b, via factor I.3* It is
expressed in different cell types, such as erythrocytes, and
myeloid and lymphoid cells.** Its biological function varies
according to the cell in which it is expressed.

In phagocytic cells, CD35 is involved in the adhesion and
uptake of particles covered with C3b and C4b, while, in B
lymphocytes and follicular dendritic cells, it promotes antigen
localization and processing.*® In humans, 90% of total CD35 is
found in the erythrocytes, where it binds to microorganisms or
C3b- or C4b-opsonized IC, processing and transporting them
through phagocytes to the liver and spleen.’” Microorganisms,
such as Leishmania, mycobacteria and HIV, when covered with
C3b, use CD35 to enter the host cell.*® More recently, CD35
in Plasmodium-falciparum-non-infected erythrocytes has been
identified as a receptor for the infected ones.*

The relevance of CRP in humans can be evidenced in
studies on acquired hemolytic disease, paroxysmal nocturnal
hemoglobinuria (PNH), in which acquired mutations in the
hematopoietic stem cell originate a cell line with early block
of the synthesis of GPI anchors, responsible for maintaining
dozens of proteins with specific functions, such as CDS55,
CD59, and CD46, adhered to plasma membrane. Failure to
synthesize a mature GPI molecule generates absence of all
surface proteins normally anchored by it.*°

Literature on the profile of the normal expression of these
proteins in blood cells is scarce. In 2001, Oelschlaegel et al.*! as-
sessed, by use of flow cytometry (FC), samples of 52 healthy
blood donors and obtained a reference value of 3% of CD55/
CD59 deficiency in circulating erythrocytes and granulocytes.
Christmas et al.*? have reported changes in the expression
levels of the regulatory proteins CD46, CD55 and CD59 in
monocytes and subpopulations of lymphocytes after activa-
tion with phytohemagglutinin and lipopolysaccharides. Only
monocytes showed a uniform increase in regulators after
activation with phytohemagglutinin, and, except for CD46,
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using lipopolysaccharides. These data reinforce the concept
that the regulation of the expression of these regulatory pro-
teins is neither coordinated nor uniform in different leukocyte
subpopulations.®

The role of complement and the proteins
CD55/CD59/CD46/CD35 in RA

In RA, complement activation occurs initially through the
classical pathway due to the presence of autoantibodies, IC,
and apoptotic cells in the joint. The involvement of the alter-
native pathway has been evidenced because of the presence
of Bb fragments in the synovial fluid. This pathway can be
activated by the immunoglobulin A (IgA)-type RF present in
some patients with RA and/or type-II collagen, specific for
cartilage, which is exposed as a result of proteolysis during
the disease. High levels of complement activation products,
such as MAC, release of anaphylatoxins C3a and C5a, and
increased C3 and C4 consumption can be detected in the sy-
novial fluid. Thus, the CS overactivation and the absence or
reduction in the expression of CRP are factors that contribute
to disease exacerbation.'

It is possible that, to control the excessive complement
activation in the joint, the synovial tissue expresses CRP.
Analyses of CRP expression in the rheumatoid synovium
have revealed an increase in CD55* and a decrease in CD59
compared to non-inflamed synovium.* These findings suggest
that CD59 can be the key to synovial membrane protection,
and its lost could be associated with a higher susceptibility to
damage by MAC.

Williams et al.* have assessed the role of CD59 in
the protection of the articular tissue in a murine model of
antigen-induced arthritis (AIA). These authors have shown
that mice with CD59 deficiency had a higher deposition of
MAC and articular damage compared to CD59" controls. To
confirm whether disease exacerbation was due to absence of
CD59 in the joint, these authors have reconstituted the CD59
expression using recombinant membrane-targeted CD59
(sCD59-APT542). An improvement was observed in the group
treated with sCD59-APT542 compared to the group receiving
recombinant untargeted CD59 (sCD59). This study has shown
that MAC is one of the major effectors of articular damage in
the AIA model.

Hoeck et al.,*” assessing CD55 and/or D97 deletion, have
identified that mice with CD55 deficiency showed a reduction
in RA activity, different from what occurs in other diseases in
which this deficiency seems to be an aggravating factor. CD55,
present in fibroblast-like synoviocytes, binds to the adhesion-
class heptahelical receptor CD97 present in the macrophages
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migrating to the joint, worsening inflammation. According to
these authors, mice with a deficiency in CD55 or CD97, or
those with an interaction blockage by use of an anti-CD97
antibody, have a reduction in the arthritis activity.

Assessments of rheumatoid joints have shown them to
be a hypoxic environment associated with synovial cells
proliferation and increased metabolic demand, combined
with periodical occlusions of microvessels and cycles of
hypoxia-reoxygenation. Kinderlerer et al.* have reported that
statins have, in addition to anti-inflammatory effects on RA,
cytoprotective effects and highlighted the improvement in the
regulation of CRP expression and increase in CD59 expression
in endothelial cells in hypoxic situations after the use of ator-
vastatin, thus preventing C3 and C9 deposition and cell lysis.

InRA, inflammation is not restricted to the joint, but occurs
in a systemic form. In 1992, Gadd et al.* reported a significant
increase in CD35 expression in peripheral blood (PB) mono-
cytes of RA patients compared with controls. In contrast, the
expression of CD35 in synovial fluid (SF) monocytes was
significantly lower than that in PB monocytes. According to
the authors, these data indicate a systemic change in the im-
mune phenotype of monocytes from RA patients, thus allowing
recruitment to the inflammation sites.

Torsteinsdottir et al.,”® assessing the activation of PB
monocytes from RA patients, have identified, by use of FC,
an elevated expression of CD35 in these cells compared to
controls, which is in accordance with the findings of the studies
by McCarthy et al.>' and Gadd et al.* After four to six weeks
of treatment with low doses of prednisolone, the expression
normalized. According to the authors, the monocytes of RA
patients showed signs of activation in peripheral circulation,
related to adhesion and phagocytosis, and consequent synovial
infiltration.

Synovial infiltration by leukocytes involves, in addition
to mononuclear cells, neutrophils. Jones et al.,”> aiming at as-
sessing whether changes in the expression of certain proteins
interfere with the migration of neutrophils to the joint, and
with their subsequent activation and capacity to survive to
complement attack, have assessed the expression of CD59,
CDS55, CD46, and CD35 in neutrophils o fPB and SF in RA
patients and healthy individuals. The authors have identified
a reduced expression of CD55, CD46, and CD35, but not a
significant difference for CD59, in the PB neutrophils of RA
patients compared with that of controls. The SF neutrophils
expressed significantly more CD55 and CD35 compared with
the PB neutrophils, and the expression of CD46 was lower and
that of CD59 showed no difference between groups. According
to the authors, the difference in expression of these molecules
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leads to increased adhesion, resistance to complement, and
higher capacity of the neutrophils to remove IC.

It is not clear if these changes contribute to the disease or
are consequence of the chronic inflammatory state. However,
data suggest that CRP can act systematically to suppress the
disease activity associated with the uncontrolled complement
activation in RA, similarly to that which occurs in other auto-
immune diseases, as reviewed by Alegretti et al.™

The antibodies produced in autoimmune diseases bind to
antigens of the cell surface or form IC after binding to circulat-
ing antigens. These ICs tend to deposit in organs, subsequently
activating the CS, and causing damage to tissues. Despite the
recognized effector action of complement on organ damage in
autoimmune diseases, little is known about the mechanism of
CRP in modulating the severity of that damage.'?

Some studies in patients with systemic lupus erythe-
matosus (SLE) have shown a reduction of these CRP and a
possible association with the presence of cytopenia in these
patients. Richaud-Patin et al.>* have shown a reduction in the
intensity of CD55 and CD59 expression in the membrane of
erythrocytes of lupus patients with secondary autoimmune
hemolytic anemia (AIHA). The same has been observed in
the lymphocytes of patients with lymphopenia compared with
those of controls.>%
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CONCLUSION

Few studies about the profile of the expression of comple-
ment regulatory proteins CD55, CD46, CD35, and CD59
in RA patients are found in the literature, and some are
controversial. The acquired deficiency or overexpression
of these proteins in some autoimmune diseases seems to
be associated with the disease activity. Most studies on RA
have shown that CD35 is increased in PB monocytes, and
only one study has reported a reduction in CD55, CD35, and
CD46 in PB neutrophils. Aiming at explaining the changes
in the expression of these molecules, the major hypotheses
of these studies are related to their major action as inhibitors
of the exacerbated complement activation, to their functions
of immune regulation or cell adhesion, to stimulatory or
inhibitory factors that regulate their expression, or even to
the presence of specific enzymes that cleave the binding of
these proteins in the cell membrane.

The pattern of CRP expression in RA patients has not been
well established. Defining that pattern of expression is impor-
tant to assess its potential meaning in the development of the
inflammatory process or cytopenia in these patients, and also
to optimize the use of cell depletion therapies involving CS
activation, such as anti-CD20 therapies.
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