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A New Look at Circulating Immune Complexes in Rheumatoid Arthritis

For many years immune complexes (IC) have been seen as a potential source of specific antibodies and
antigen(s) which could unravel the jigsaw puzzle of rheumatoid arthritis (RA) and other diseases with an
immunologic pathogenesis. In the 1970's and 1980's, useful methods for measuring IC, such as the Raji cell
binding assay, bovine conglutinin binding, F(ab’),-anti-C3 binding (1,2), monoclonal rheumatoid factor
binding (3), and Clqg-binding (4) were developed and widely tested with inconsistent and usually
disappointing results (3,4). With the possible exception of anti-DNA:DNA IC in SLE sera (5,6), very little
correlation between serum levels of IC and clinical parameters of disease activity could be made (7). Some
puzzling results emerged which led investigators to abandon most IC research for more fruitful areas. For
example, Pereira, Theophilopoulos and Dixon (8) found evidence for C3-fragments bound to monomeric IgG
in the serum of patients with RA (Fig 1). These low molecular weight IgG-C3 “IC” varied widely from one
patient to another, and no identifiable antigen could be demonstrated (9,10). (See Fig. 1)

At that point in time, many aspects of complement activity and its role in IC processing was not
known. The ability of C3 and C4 to form covalent bonds with antibody (and antigen?) via a reactive
thioester bond (11) or its acyl-imidazole derivative (12) (See Figure 2) was not understood. We now know
that there are two forms of C4 derived from two distinct genes (C4A and C4B) that code for separate forms
of C4 which differ in a few amino acids, but that the thioester bond in the C4A gene product reacts with
amino residues to form an amide bond. The C4B-gene product has a thioester bond which, when activated,
initially reacts with an adjacent histidine to make a reactive acyl-imidazole intermediate that selectively
reacts with hydroxyl residues to form ester bonds (12). It is highly probable that C3 also follows the path of
the C4B-gene product to form covalent ester bonds with hydroxyl residues on the target IC (and adjacent
proteins or carbohydrates) (12).
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Fig. 1. "Monomeric” IgG-C3d in sucrose-density- Fig. 2. Thioester bonds in C3 and C4 (Ref. 13).

gradient fractions, detected with polyclonal anti-C3
antiserum. (Ref. 8).

Once formed, the covalent ester or amide bonds of C3 and C4 are very strong, and allow an attachment
site for complement receptors (CR1 and CR3), which are involved in processing IC. Once the C3-
component of IC has been degraded to iC3b/C3d, it can be bound to the CR2 receptor on B lymphocytes,
allowing antigen presentation to T-cells eventually stimulating a selected humoral immune response (12).
These ester bonds, but not the amide bond from C4A-derived C4, can be cleaved in vitro with alkaline
hydroxylamine to identify the site of complement attachment to antibody or antigen (14).

Whether classical, alternative or other pathway activation of complement occurs depends on variations
in composition of different IC. The presence of different subclasses of IgG (15) or IgM antibody; the
antigen:antibody molar ratio (16); the presence of glycosylation of the IgG antibody (17-27)
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(See Fig. 3); and/or the presence of IgA or IgM co-precipitation with the 1gG in the IC (28-30) all
determine how much C3 and C4 will be bound to a given IC. The presence of complement deficiencies,
inherited or acquired, and the chemical nature of the antigen also influence the degree and rapidity of C3
C4 interaction with a given IC (31). ’
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Fig. 3. Biantennary complex oligosaccharide of the Fc NeuSAc ) NeuSAc
region of human serum IgG (From Axford, JS, et al., J. ( L j

Clin. Invest. 89:1023, 1992).
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Much information has been obtained about the mechanisms of binding of IC to the complement
receptor-1 (CR1) on erythrocytes (RBC's), and polymorphonuclear leukocytes (PMN's) via C3b and C4b
34). The binding of IC via the degraded C3b (iC3b) to Kupffer cells in the liver, littoral cells in the sples
epithelial cells in the kidney also has been worked out (35). And finally, the binding of processed, degra
IC containing C3d to the CR2 receptor on B-lymphocytes, its role in antigen presentation to T-cells and 1
enhancement of the T-helper cell-type 2 (TH2) immune response is now being elucidated (12,36,37). Mic
deficient in CR1 and CR2 have been shown incapable of normal IC processing and show a marked
impairment of their humoral immune response (38). Table 1 lists the known complement receptors (nan
in the order of their discovery), their binding specificity, their structure and the cells on which they are fi
(35).

Table 1. Specificity, Structure and Cell Type Distribution of Complement Receptors

Receptor Specificity Structure Cell Type Distribution

CR1 C3b>iC3b 4 allotypes: Erythrocytes
160K, 190K Granulocytes, Monocytes
220K, 250K Kidney podocytes

Dendritic reticulum cells

CR2 iC3b=C3dg 140K B Lymphocytes

CR3 iC3b o, B, Integrin Macrophages, Kupffer cells
165K o.-chain Monocytes, granulocytes
95K B-chain NK cells

CR4 iC3b=C3dg CD11¢/CD18 Monocytes, Macrophages
150K o-chain Granulocytes




CR1 on RBC's has been studied in detail in both normal and disease states (39-41) (See Fig. 4). There
is considerable variation from person to person. Between 170 and 1060 CR1 chains per RBC have been
detected (40) (See Fig. 5). These are not spread uniformly over the cell surface, but rather are clustered
around cell membrane pits so that they can bind an IC in concert to create a much stronger bond
(K,=10""M) when compared to the binding of a single CR1 chain (K,=10°M) (42) (See Fig 6 on next page).
Although PMN's and some macrophages also have CR1 receptors, these are not bunched together, but are
scattered over the cell membrane as single chains (possibly capable of capping if enough time in contact with

an IC is available) (42).

B

E

g

CR1 Sites per Erythrocyte

" High-CR1 " CR1 Allele Low-CR1
Allele Allele

Fig. 5. Genetically variable numbers of CR1
receptors on human erythrocytes (From Fearon,
DT, Ref 39).
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Fig. 4. Complement receptor-1 (CR1) on the
erythrocyte membrane (Fearon, DT, Hospital
Practice 23:63-72, 1988).

There is indirect evidence of complement activation, especially in the joint in active RA, in the form of
much lower complement component levels in synovial fluid than in the serum of the same patient in almost
every instance (43). Rheumatoid factor positive patients have the lowest levels (43), but even seronegative
patients also show low synovial fluid C3 levels. Most RA patients have normal or even elevated



complement component levels in their serum. There is simultaneous and parallel elevation of the
complement degradation products, C3dg and the fluid-phase terminal complement complex (SC5b-C9) in

Fig. 6. IC binding to CR1-clusters on RBC's, degradation of IC-bound C3b and C4b by
Factor I, and IC disposal by the liver Kupffer cells.

synovial fluid, when compared to the lower levels of both degradation products in the serum of patients 1
active RA (44-46). This observation supports intraarticular activation of both early and late complement
components in most RA patients, and suggests infrequent activation outside of the rheumatoid joint.

The role of the complement system in the handling of IC is multifaceted. Antigen-excess IC bind
complement poorly and are not cleared by the erythrocyte CR1 receptor (47). If antigen:antibody interact:
near equivalence occurs in the presence of adequate classical complement pathway components, much
smaller, soluble IC-aggregates are formed (48) and these are readily bound by the erythrocyte CR1 recep
(48). On the other hand, if large IC-aggregates are formed in the absence of adequate amounts of the
classical complement pathway components, these larger IC can later be solubilized by the alternative
complement pathway (49). This solubilization is markedly diminished by the presence of IgM rheumatoi
factor (50,51). In addition, monoclonal IgG rheumatoid factor (which dimerizes with itself) fixes C3 and
inefficiently, and mixed cryoglobulin IC made up of IgM-RF:IgG-RF is not cleared by the erythrocyte Cl
receptor (52).

The mechanism of release of C3b/C4b-IC from the CR1 receptor on erythrocytes has been extensiv
studied, and it is now known that the CR1 receptor acts as a cofactor for the action of an unusual serine
proteinase, Factor I, (formerly known as C3b inactivator), to convert C3b to iC3b, then to C3d (53) (See
7 on the next page). The iC3b remains bound to the CR1 receptor, albeit with much lower affinity, but C
is not bound by CR1 (54). This release by Factor 1 is inhibited up to 90% by the presence of 10 millimo
ZnCl, (55). In the rare individuals in whom Factor I is genetically absent (56), susceptibility to pyogenic
infections (57) and a multisystem vasculitic disease (57-59) has been observed.
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Fig. 7. Action of CR1 as a co-factor for the serum serine proteinase, Factor I, to
degrade IC-bound C3b and C4b (From Fearon, DT, Ref. 39).

IC made of different murine monoclonal Ig classes and subclasses show marked differences in their
ability to be released from the CR1 receptor on human erythrocytes by Factor I, with much less Factor I
(<5% of normal levels) needed to release 1gG,, and IgG,, than IgG,, for example (60). Assuming that mouse
and human IgG; are processed in a similar manner, this has particular interest in some patients with RA who
show a substantial enrichment in the amount of IgG; produced by the rheumatoid synovium (61). There are
also differences in the CR1 receptor on erythrocytes from donors of different ages. The elderly have
erythrocytes with lower levels of detectable CR1, decay accelerating factor (DAF), and protectin (CD59) than
erythrocytes from younger donors (62). This may impair clearance of IC in older persons.

The dynamics of the transport and elimination of IC by the CR1 receptor on erythrocytes was
beautifully illustrated by the study of Cornacoff, et al, (63) (See Fig. 8).
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Using radioactively labeled human immune complexes in a baboon model, they were able to show single
passage clearance of IC from red cells by the liver, with minimal clearance by other organs such as kidney
or spleen. The exact mechanism by which this occurs is not established, but probably depends on the CR3
receptors on Kupffer cells which have a higher affinity for iC3b than does the CR1 receptor on the red cell,
and also, perhaps, on the very high blood flow to the liver when compared to the spleen. A second study of
the release of dsDNA:anti-DNA IC was carried out in vitro by Taylor, et al, (64). In clotted whole blood,
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even after two hours, very little of the bound IC was released. Slightly more IC was released into plasm
anticoagulated with EDTA, but that study made the very strong point that simple measurement of serum
without appropriate analysis of the fraction bound to CR1 on erythrocytes could be misleading and
completely underestimate the amount of IC being cleared in a given clinical situation.

In RA, the traffic of IC from the joint requires an analysis of the dynamic equilibria which exists i
vivo among at least three compartments: the joint, the blood, and the liver and/or kidney. In addition, th
phagocytic cell population within the joint, and in lymph nodes and spleen also must be considered for tl
role. These compartments are outlined in Fig. 9.

PMN's
MACROPHAGES

Fig. 9. Traffic of IC from the joint through the blood to the liver in RA

Although subject to considerable debate, the analysis of the T-lymphocytes infiltrating the rheumatc
synovium, especially in patients in the early stages of their disease (65), has increasingly suggested that t
immune response in RA is not random, but rather is driven by a restricted antigenic stimulus (65-67). Th
impression has been reinforced by the demonstration that there is a high level of interleukin-10 (IL-10)
being secreted by the T cells within the RA synovial membrane, completely unlike the cytokine profile b
released by circulating T lymphocytes in the peripheral blood (68). Since IL-10 is a potent suppressor of
synthesis of proinflammatory cytokines, this high level of IL-10 secretion by joint tissues might explain t
poor proliferative response of T cells in patients with RA (68). This difference in IL-10 level also indicat
distinctive population of T cells within the joint compared to those circulating in the blood. This
presentation will assume that the large production of electrophoretically-restricted IgG, IgA and IgM witt
the RA joint (69,70) is antigen-driven (71), and that the high-molecular weight IC found in the synovial
fluid of patients with joint effusions represents the combination of the locally-produced Ig with this
antigen(s), followed by complement fixation, and the addition of rheumatoid factor. If the antigen has be
processed by macrophages, and released as “indigestible” fragments of relatively small size, the proportio
antigen in the immune complex could be very low (in the order of 0.5-1% of the total IC weight). This
makes detection particularly difficult if crude IC isolation procedures are used such as polyethylene glycc
precipitation. The accumulating evidence that the immune response in the RA joint is antigen-driven is
shown in Table 2 on the next page.

The difficulty of the isolation problem of IC from synovial fluid, and especially from the blood of
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patients with RA has been lessened by the development of monoclonal antibodies specific for neoantigens
generated by the degradation of C3b which is covalently attached to most IgG- and IgM-containing IC.
Tamerius, Pangburn and Muller-Eberhard, and their coworkers (72-74), and Garred, Mollnes, Lea and
Lachmann (75) have developed solid-phase binding immunoassays for iC3b/C3d containing IC, and these
have been applied (76,77) to quantitate C3-fragment-containing IC in RA. Others have used polyclonal
antibodies against C3d to quantitate IC in synovial fluids from patients with juvenile rheumatoid arthritis
(78). (See Fig 10 on the next page.)

Table 2. DATA SUGGESTING THAT THE IMMUNE RESPONSE
IN THE RA JOINT IS ANTIGEN-DRIVEN

Finding References

Decreased heterogeneity of T cell antigen receptor Vg and Vp
transcripts in synovial fluid T cells in early RA (65)

Oligoclonal T cell populations from RA synovium propagated
in severe combined immunodeficient (SCID) mice (66)

High frequencies of identical T cell clonotypes in RA synovial
tissues from multiple sites within the RA joint 67)

High level of interleukin-10 (IL-10) production by activated
T cells from RA synovium (68)

Oligoclonal population of IgG synthesized by RA synovium
in tissue culture suggesting limited antigenic stimulation (69,70)

Somatic mutation and CDR3 lengths of Ig K light chains
expressed in RA patients compared to K-chains from IgG

of normal individuals (71)

Work by Dr. Wayne Hoffman and his coworkers (79) at the Arthritis Research Laboratory at
Presbyterian Hospital has shown that levels of IC in separated serum does not correlate with disease activity
of RA because blood IC are cleared from the serum by the CR1 on red blood cells (RBC) for transport to the
liver. They showed that IC were released from the RBC of RA patients by in vitro incubation of clotted
blood at 37° C. See Fig 11a-d on the next page. The released IC were detected by an ELISA method using
mouse monoclonal antibody against a neoepitope on the C3d fragment of C3 (which is covalently bound to
the IC) as the capture antibody, and biotin-labeled, F(ab'), fragments of mouse antibody against the Fc
portion of IgG to detect IgG-IC. Streptavidin-conjugated horseradish peroxidase is then used to complete
the ELISA assay and create a blue color which can be quantitated spectrophotometrically (Fig 10).
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Fig. 10. ELISA technique used to detect IgG-IC containing fragments of degraded C3 (C3d). Panel A sh:
the capture monoclonal mouse antibody to C3d attached to the wall of the microtiter plate. Panel B show
the addition of serum or synovial fluid fractions containing IgG-IC which contain bound C3d. Panel C

shows the amplification phase obtained by adding biotinylated mouse F(ab’)2 anti-human IgG which can 1
be detected with streptavidin-horseradish peroxidase and a peroxide sensitive chemical which produces a

blue color.
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Fig. 11. Fractionation of different-sized IgG-C3d-containing IC on FPLC Superose-6 ©
columns. Panel A. From RA synovial fluid and plasma of patient, RK.; Panel B. From
blood serum of RA patient, J.G., separated at 2 hours and 24 hours after standing with the
clot containing the erythrocyte fraction at 37°C. Patient, J.G., was begun on 10 mg of
methotrexate/week on December 14, 1995. Panels C and D. From blood serum samples
fram indicated dates of patient, J.G., after 24 hours with the clot.
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The size of the released IC was determined by gel filtration and the anti-C3d/ELISA used to quantitate
IC levels in each fraction. The results of these studies on RA synovial fluid (Fig. 11a), and on three
sequential blood samples from a single RA patient being treated with methotrexate for severe RA (Fig. 11b,
¢ and d) are shown. These studies show that within the RA joint (Fig 11a), IC are high molecular weight
and in a much higher concentration than in the serum of the same patient. The IC which spill over into the
blood are absorbed on the CR1 receptors on RBC causing the serum levels of high molecular weight IC to
be very low.

Analysis of the serum IC from 10 RA patients demonstrated that in patients with active RA, significant
amounts of IC are bound to RBC, and when released, the levels of released IC correlate with disease
activity. They have also shown that rheumatoid factor (RF) may block detection of some of the high
molecular weight (MW)-IC. Analysis of 8 RA synovial fluids (RA-SF) confirmed the large amount of IC in
the SF from patients with more severe disease. However, even more high-MW-IC could be detected after
incubating the RA-SF at 37° C with normal human serum to provide an additional source of fresh
complement components. These findings allow larger amounts of high MW-IC to be isolated for analysis of
antigen and antibody components which may be unique to RA.

In addition, Hoffman and his co-workers isolated the “monomeric” IgG fraction from the serum which
contained C3d fragments (about 2.5% of the total IgG in a patient with severe RA), and compared its
electrophoretic mobility in an isoelectric focusing gel with that of the same patient’s IgG which did not
contain C3d. The C3d-containing fraction proved to be impressively oligoclonal with 3 dominant bands
when compared to the polyclonal electrophoretic migration of the other monomeric IgG which did not have
any C3d attached, suggesting a sub-population of antibodies reacting with a limited antigenic stimulus when
compared to the polyclonal IgG which contained no bound C3d. (See Fig. 12).
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Fig. 12. Isoelectric focusing gel separation showing marked oligoclonal restriction of the low
molecular weight (“monomeric”) C3d-IgG fraction (Lane 1) from a patient with severe RA
compared with the polyclonal electrophoretic mobility of the non-C3d-containing IgG from the
same “monomeric” IgG fraction (Lane 2). (Hoffman, WL, AL Camann, and AA Jump,
unpublished).

One possible explanation for this unexpected finding would be the release of modified IgG originally
part of an IC which had been stripped of antigen within an acidic vacuole within the Kuppfer cell, but
which has been recycled back into the blood, still essentially intact and containing the covalently bound
fragment of C3. An analysis of the antigenic specificity of this electrophoretically-restricted antibody might
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provide important information regarding the antigen driving the RA disease process. These preliminary d
suggest that the levels of high MW-IC in circulating blood (mostly bound to the CR1 receptor on the RE
and in the synovial fluid correlate with disease activity in RA. Particularly, those patients who are
seropositive for rheumatoid factor, have rheumatoid nodules and present with an elevated erythrocyte
sedimentation rate (ESR) usually show elevated levels of high MW-IC, but often show variable levels

monomeric IgG-C3d, making the latter monomeric “IC" fraction a poor correlate of disease activity.

Between 20 and 45% of RA patients will develop rheumatoid nodules, in part as we shall soon see,
related to the widespread use of methotrexate therapy. Rheumatoid nodules appear most often in patients
with elevated titers of rheumatoid factor (anti-IgG-Fc), and represent a unique physical marker for RA.
They contain an insoluble central core which contains IgG and IgM, fragments of activated complement
components, and fibrin as well as cell debris derived from activated macrophages (See Fig. 13).

Fig. 13. Diagramatic representation of the
structure of a typical rheumatoid nodule
(From Ziff, M, Arth Rheum 33:761,1990).

I feel that theumatoid nodules are the result of a spill-over of IC from the usual clearence mechanis
either because of excess production, or as a result of a defect in some step in IC elimination. RA nodul
usually develop after the disease has been present for several years, and are often first noted over the bo
in front of the elbow or over pressure points on the fingers or toes. In some patients, nodules are so
extensive that they are found internally in the lung, pleura, other serosal surfaces, within bones (80,81) a
even over the brain on the inner surface of the dura. This unusual dissemination of nodules has been
termed “nodulosis”, and has acquired renewed interest with the widespread use of methotrexate to treat R
(82-86). Many of the initial reports of nodulosis following methotrexate represented isolated case reports
However, the detailed analysis of 172 patients treated with 10 mg of methotrexate/week for 33 months
carried out as a prospective study in France by Combe, et al, (87) has given us an accurate estimate of th
risk in patients with RA placed on methotrexate therapy for up to 33 months. Their data (87) are
summarized in Table 3 on the next page.
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Table 3. NODULOSIS, VASCULITIS AND PERICARDITIS DURING METHOTREXATE
(MTX) THERAPY OF RA

. After MTX, 10 mg/week for 4 - 68 months
Patient Groups

Before MTX No. Pts. unchanged improved worse %worse
With nodules 40 28 3 9 22.5%
With vasculitis 9 : 6 0 3 33.3%
Without nodules 132 117 - 15 11.4%
Without vasculitis 132 125 - 7 53%
Without pericarditis 132 129 - 3 2.3%

(Modified from Combe, B., et al., Eur. J. Med 2:153-156, 1993.)

All of these patients had severe RA which had responded well to methotrexate. A substantial fraction
developed rheumatoid nodules and less frequently vasculitis or pericarditis as a complication of the
methotrexate therapy. In those patients with nodules present before starting methotrexate, 22.5% had an
increase in nodulosis, 7.5% had improvement in their nodules, and in 70%, the rheumatoid nodules remained
unchanged. In those patients with digital arteritis prior to starting methotrexate, one third became worse after
methotrexate, and two-thirds remained unchanged. None of these patients showed improvement of their
digital arteritis after starting methotrexate even though substantial improvement had occurred in the arthritis
component of their disease. In patients without nodules before starting methotrexate, 11.4% developed
nodules for the first time, 5.3% developed digital arteritis, and 2.3% developed pericarditis after starting
methotrexate. All of these patients also had shown improvement in the arthritis component of their RA.

What is not shown is the relatively high drop-out rate of patients taking methotrexate after about 6
months on the drug. This is illustrated in a recently-published, double-blind, controlled study by O’Dell and
his colleagues (88) in Omaha, Nebraska, comparing methotrexate alone (10 mg/week), with the combination
of sulfasalazine (2 g/day)/hydroxychloroquine (400mg/d)y), and with the combination of all three drugs in
these doses . All three groups of RA patients were statistically comparable in terms of disease activity
(number of active joints, sedimentation rate, patient's global assessment and physician's global assessment).
The number of patients going on with their particular therapy at the end of 9 months and 24 months were
compared along with the clinical response parameters. This is shown in Table 4.
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Table 4. JOINT SYMPTOMS AND MEASURES OF ACTIVITY IN
RA PATIENTS TREATED WITH MTX, HCQ/SSZ OR ALL THREE DRUGS

Variable MTX 10 mg/wk SSZ/HCQ All 3 Drugs MTX vs 3 Drugs
No.Pts Base line 36 33 31 p Value
24 Months 12 14 24
ESR Base line .39 45 36 0.63
24 Months 16 16 10 0.12
Moming Stiffness
Base line 190 156 135 0.08
24 Months 63 50 38 0.34
Tender/Swollen Jts.
Base line 31 32/31 29/27 0.58/0.25
24 Months 7/5 7 3/2 0.06/0.006*
Total Joint Score
Base line 63 62 56 0.33
24 Months 12 14 5 0.007*
Patient’s Global Pain
Base line 6 6 6 0.59
24 Months 3 3 2 0.02*
Dr.’s Global Assess. -
Base line 6 6 6 0.46
24 Months 2 3 1 0.002*

(Adapted from O'Dell, JR, et al, N Eng J Med 334:1290, 1996)
* Statistically significant differences.

As you can see, by the 24th month, the drop-out rate for the 10 mg/week-methotrexate group was
67%! About the same number of patients dropped out of the double-therapy group (SSZ/HCQ), but the
triple-therapy group (SSZ/HCQ/MTX) had only 33% of the patients discontinuing treatment, yet all of the
efficacy measures favored the triple-therapy group. According to the authors (88), there was no statisticall
significant difference in toxicity among the three groups of patients, suggesting that most of the drop-outs
the first two groups were due to a lack of efficacy. (See Fig. 14).
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Another comparison of “second-line” drugs in RA specifically targeted the question of their impact on
the development of rheumatoid nodules (89). This study evaluated 121 RA patients, 55 of whom had, or
developed nodules, and assessed the impact of gold, HCQ, SSZ, MTX and D-penicillamine on regression or
progression of nodules. The results are presented in Table S. This study involved a more selected patient
population, approximately 45% of whom had or developed RA nodules, but the conclusion that MTX
induced nodule worsening or development in a substantial group of patients is inescapable. The distinct
possibility that both hydroxychloroquine and sulfasalazine caused regression or disappearance of nodules
would also appear likely from this data.

Table 5. PROGRESSION OR REGRESSION OF SUBCUTANEOUS RA NODULES

GOLD HCQ SSZ MTX DPEN
Nodule Status n=30 n=36 n=19 n=30 n=11
No Change 21 19 12 7 10
New or Progression 6 (20%) 4 (11%) 1 (5%) 21 (70%) 1 (9%)
Regression 2 6 4 2
}(10%) }(36%) }(32%) }(7%)
Complete Resolution 1 T 2 0 0

(Modified from Bautista, BB, et al, Arth Rheum 35:R38,1992)

Several isolated case reports of one to three patients have also reported reversal of methotrexate-induced RA
nodules after beginning HCQ-therapy (85,86,90). These reports make the combination therapy with
HCQ/SSZ/MTX also look interesting because of the possibility that HCQ/SSZ might give additive therapy
which would prevent nodule formation being induced by MTX. Although not extensively studied,
azathioprine has also been reported to induce nodulosis in patients with RA (91), again, even though the
arthritis component responded to the drug.

In order to explain the paradoxical impact of these various drugs on the arthritis and the rheumatoid
nodule in patients with RA, let us take a closer look at what is known about rheumatoid nodules. We now
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know that macrophages leave the bloodstream and migrate from the outer rim of a rheumatoid nodule to
form the central palisade of cells surrounding the necrotic core ( 92). These macrophages express HLA-I
and CD14 surface proteins indicating activation as antigen-processing and presenting cells (93) (See Tab
6). :

Table 6. PERCENT POSITIVE CELLS IN PALISADE, MIDDLE,
AND VASCULAR ZONES OF 14 RHEUMATOID NODULES

Monoclonal Ab to Palisade Middle Vascular
Leukocyte Common Antigen 97 91 55
Monocytes 87 81 56
Active Macrophages 98 81 34
Complement Receptor 3 98 89 55
HLA-Class II (DR+) 95 95 95

(From Palmer, et al, Arth Rheum 30:729, 1987)
The central necrotic core of the nodule contains very little scar tissue (collagen) (94), but does cont:

fibrin and along with IgG, IgM, and complement components (95,96), compatible with insoluble immu
complexes entrapped in fibrin. (See Table 7). .

Table 7. EXTRACELLULAR DEPOSITS IN SECTIONS OF RA NODULES

Antibody to Central Necrotic Palisading Area Peripheral Granuloma
IgG IgA, IgM Diffuse + 0 0

C3c Diffuse + 0 2-3+ in sm. vessels
C5b-C9 Diffuse + 0 1-2+ in sm. vessels
Fibrin Diffuse 3+ 0 3+ in vessel walls

(From Mellbye,OJ, et al, Ann Rheum Dis 50:909, 1991)

One interpretation of the arrangement of the rheumatoid nodule is that it represents an accumulat
of immune complexes which contain antibodies and antigen(s), mixed in with fibrin and cell debris, whi
attract macrophages from the blood. This forms the palisade of intensely active cells surrounding the
necrotic center, ingesting and processing the antigen component, then presenting processed antigenic
fragments to adjacent T and B cells in the outer rim of the nodule. In support of this concept has been
observation that the CD4" T cells in the outer rim of the rheumatoid nodule show a marked oligoclonali
their antigen receptors compatible with a limited antigenic stimulation (97). This was concluded after
measurement of T cell antigen receptor VB usage among IL-2 expanded lymphocytes derived from fragt
of theumatoid nodules (See Table 8).
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Table 8. OLIGOCLONALITY OF T CELLS EXPANDED FROM
RHEUMATOID NODULES BY CULTURE WITH IL-2

Mab to Sub-Family B-Chain TCR o

Clone 5A 5B SC 8 12 6 CD4
1 95 1 1 1.« » - nd

TI3 . " , o . 43 nd
TJ5 s 2 g - 95  nd
BLI . U - 95 - 90
BL2 - - 1 1 3 81 100
BL3 4 1 2 179 1 9%
BL4 2 1 2 2 75 - 99
BM2 5 BT 5 = - 0
BM3 1 1 . 11 - nd
ATI 2 1 4 1 1 68 94
AT2 X N " 11 11 97
AT4 - - - 1 1 47 100
DCI . - 50 2z - nd

(DeKeyser, F, et al, Clin Imunol Immunopathol 68:29, 1993)

One explanation of the mechanism by which MTX, and to a lesser extent, azathioprine, induces or
worsens RA nodules in some patients would be the inhibition of macrophage function and/or proliferation,
sufficient to suppress the macrophage component in the synovium, resulting in improvement in the joint
inflammation. At the same time, enough macrophage suppression occurs in the rheumatoid nodule that the
palisade layer stops eating the central necrotic (?IC) material, and. it begins to pile up, not unlike fragments
of Ig light chains forming amyloid deposits in some patients with multiple myeloma. The appearance of
digital vasculitis (85,87) in some of the methotrexate-treated patients would reinforce the likelihood of IC
accumulation as a result of MTX effect on macrophages. There may well be other plausible explanations for
this effect of MTX. What function do rheumatoid nodules serve? Are they always detrimental to the
patient? Studies of the causes of death in carefully followed groups of patients with RA have given us data
regarding cause of death (98) (See Table 9), the physical and serological changes which increase or decrease
mortality in RA (99) (Table 10), and the manner in which age and gender influence mortality in RA
(99,100).

Table 9. CAUSE OF DEATH IN 898 RA PTS. vs. TOTAL U.S POPULATION

Proportion
1985 U.S. Observed Observed/Expected

Category Vital Statistics in RA Pts. Ratio

RA 0.001 0.013 12.873
Pneumonia 0.025 0.131 5.307
Other Infections 0.011 0.070 6.213
Leukemia/Lymphoma 0.002 0.019 8.016
Other Cancers 0.277 0.094 0.339
Cardiovascular 0.405 0.402 0.003
CVA 0.064 0.069 1.084
Pulmonary 0.056 0.050 0.902
GI 0.039 0.057 1.466
Injury/Accidents 0.042 0.026 0.606
Renal 0.014 0.012 0.869
All Other 0.064 0.057 0.887

(Modified from Wolfe, E, et al, Arth Rheum 37:481, 1994)
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Having a positive anti-IgG antibody (rtheumatoid factor) in moderate or high titer increases your chan
of dying 1.6 to 2.3 times if you have RA, but does not increase your chance of dying if you do not have
(99). If you are male and have RA, you are 2.2 times more likely to die than a woman with RA of the s
age. This also is true if you are male without RA (1.7 times more likely to die at a given age than a wo:
without RA of the same age). -Things like low dose prednisone use, disease duration, presence of diabete
surprisingly do not increase mortality for patients with RA. Surprise! If you have rheumatoid nodules, y
are 12% less likely to die at a given age than a patient with RA without nodules. On the other hand, if y
had arthritis bad enough to warrant treatment with a disease modifying anti-theumatic drug (gold, HCQ,
SSZ, MTX or D-penicillamine), you had a 27% increased risk of dying. This study (99) represented an
analysis of the deaths of 79 patients with RA from the Gila Bend Indian Community in Arizona from 19
through 1989 when compared to mortality risk for the same variables among 779 deaths in patients withc
RA during the same time period. There may have been very little use of methotrexate in this group of
patients prior to 1989 so that gold therapy was probably the most widely used DMARD in the 1965-89
period. A similar evaluation of mortality over a long period for patients being treated with MTX remain:
be done, but conservative estimates suggest that over half of all RA patients in the United States are
receiving MTX to control their disease at this time.

Table 10. AGE- AND SEX-ADJUSTED MORTALITY RATE RATIOS
IN PIMA INDIANS WITH AND WITHOUT RA (1965-1989)

Risk Factor RA (79 deaths) No RA (779 deaths)
Male/Female 2.23 1.74
Diabetes (Yes/No) 1.01 1.39
RF (SCAT (pos/neg) 1.61 1.20
RF (BFT) (pos/neg) 2.29 1.21
RA (Chart +)(yes/no) 1.24

ACR Criteria (5-6/<5) 1217

Nodules (yes/no) 0.88

Steroid Therapy (yes/no) 1.03

DEMARD Therapy (yes/no) 1.27

Duration ((>10 yrs/<10 yrs 1.01

(Jacobsson, LTH, et al, Arth Rheum 36:1045, 1993)

In closing, what can we now say about the etiology of RA? Most investigators agree that RA appear:
be triggered by an environmental agent in an immunogenetically predisposed person (101). Some form
infectious agent remains the most attractive possibility. The indirect evidence presented by Bond and
Cleland (101) that prepubertal exposure to a cat (67% of RA patients vs 27% of non-RA control subjects
interesting, and perhaps provides a list of potential infectious agents which should be explored if suitable |
antibodies from RA IC become available.
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