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GENERAL MECHANISMS OF INFLAMMATION IN RHEUMATOID

ARTHRITIS

MORRIS ZIFF

Summary

Rheumatoid synovitis Is characterized by the simultaneous occurrence of two major types of

immunologically-induced inflammation. These usually occur concurrently in the same joint.

A cellular immune response is present in the sublining layer of the synovial membrane and

an immune complex-induced acute inflammatory reaction is present in fhe synovial effusion

phase of the disease. The two reactions are closely related and mutually interdependent. The

cellular immune response is reduced in rheumatoid arthritis, but fhe chronic inflammatory

cells of the synovium are active in fhe synthesis of IgG and probably considerable amounts

of IgG rheumatoid factor, Rheumatoid factor complexes, particularly IgG-RF complexes,

appear to be responsible for the exudative, immune complex-induced inflammatory phase of

the disease.

Zusammen fa ssung

Die rheumatoide Synovitis ist durch das gleichzeitige Auftreten von zwei Typen von immunologisch

bedingter Entzündung charakterisiert. Beide Typen kommen in der Regel zusammen

Im gleichen Gelenk vor. Eine zelluläre Immunantwort findet im Gewebe unter der Synoviol-

membran statt und eine akute entzündliche Reaktion, die durch Immunkomplexe ausgelöst

wird, spielt sich in der exsudativen Phase der Krankheit ab. Die zwei Reaktionen sind

voneinander gegenseitig abhängig. Die zellulare Immunantwort ist in der rheumatoiden Arthritis

herabgesetzt, aber die Entzündungszellen der chronischen Synovitis synthetisieren aktiv

Immunglobuline und wahrscheinlich auch erhebliche Mengen von IgG-Rheumafaktor. Rheu-

mafakfor-Komplexe, speziell IgG-RF-Komplexe, scheinen für die exsudative Immunkomplex-

bedingte entzündliche Phase der Krankheit verantwortlich zu sein.
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Table I. Peripheral blood lymphocytes.

Normals RA

% E-RFC % S-lg+ %E-RFC % S-Ig+
(T) (B) (T) (B)

Utsinger and Bluesfein, 1974
Brenner et al, 1974
Burmester et al, 1978

64 25 57 25
66 16 68 12

68 7 56 9

Table II. Lymphocyte populations in blood and synovial fluid of RA patients.

Blood Synovial Fluid

% E-RFC % S-lg+
en (B)

% E-RFC % S-lg+
(0 (B)

Sheldon etal, 1974
Brenner et al, 1975
Wangel and Klockars, 1977
Van de Putte et al, 1976

Utsinger, 1975

69 18 79 8

69 17 76 15

64 27 57 19

66 11 82 2

61 24 61 23

Rheumatoid synovitis is characterized by the simultaneous occurrence of two major types of

immunologically induced inflommation which lake place concurrently in the same joint. A

cellular immune response is present in the sublining layer of fhe synovial membrane and on

immune complex-induced acute inflammatory reaction is observed in the synovial effusion

in which large numbers of polymorphonuclear cells (PMN) are present. The two reactions

are closely interrelated.

Cellular Immune Response- Cellular immunity is reduced in rheumatoid arthritis (RA). There

is diminished skin test reactivity (1), reduced capacity to acquire sensitization to dînitro-

chlorobenzene (2), and decreased responsiveness to mitogens (3). It has also been observed

(4) that cellmediated immunity tends to decrease with duration of disease. These abnormalities

have been observed to improve after treatment with gold salts or penicillamine. The pokeweed

mitogen response, which involves a B cell as well as T cell response, is not depressed (5, 6).

The decrease in cellular immunity is not due to a decrease in the numbers of circulating T

lymphocytes (Table I) if one compares the per cent of E-rosette forming cells in the peripheral

blood in RA patients and normals (7). Nor is there a decrease in the per cent of T lymphocytes

in fhe RA synovial effusion as compared with the blood (Table II) (7-11).

There is no clear explanation for the decrease In cellular immunity in RA. This abnormality

is not limited to rheumatoid arthritis, but is characteristic of a number of disease states

associated with chronic inflammation. Three possibilities come to mind: 1. a lymphocylotoxic

antibody directed at fhe T cell may be responsible for the diminished T cell function;
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Table III. Lymphocytes in RA synovial tissue digests.

% E-RFC % S-lg+
(T) (B)

Bankhurst et al, 1976 78, 85 1 0, 17

Van Boxel and Paget, 1975 78 9-35
Abrahamsen et al, 1976 74 1 0

2. there may be an actual decrease in a mitogen responsive T cell population which is not

reflected In total T cell counts; and 3. there may be an increase in the suppressor cell

content of the circulating mononuclear cells. GOODWIN et al (12) have recently described

a prostaglandin E producing macrophage in Hodgkins' disease which has a suppressive action

on mitogen responsiveness.

Cellular Interactions In the Sublining Layer. The sublining layer of the RA synovium is the

site of a chronic mononuclear inflammatory reaction; and also the site of extensive immunoglobulin

(Ig) synthesis.

In lymphocyte cultures in which T lymphocytes undergo blastic transformation, lymphokines

are produced. Lymphokines are mediators of the cellular immune response, and when detected

indicate that T lymphocyte transformation has taken place in the culture. When rheumatoid

synovia! effusions were examined for the presence of macrophage migration inhibitory factor

(MIF) ond milogenic factor, these lymphokines were detected in RA synovial effusions, providing

evidence for the occurrence of blastic transformation of T lymphocytes in this tissue (13).

Some insight into the cellular events in the RA synovial membrane is provided by electron

microscopic evidence- In fhe sublining layer, there is an emigration of small lymphocytes

from the post-capillary venule 04) producing perivenular collections consisting almost

entirely of small lymphocytes. It may be supposed that these cells, presumably a mixture of

T and B cells, leave the blood in the ratio in which they circulate in the blood. A number

of studies have provided evidence that this may be so. By fluorescent antibody staining of

the synovial tissue with anti-theta serum (15) and by fluorescent antibody staining of cells

obtained by digestion of synovial tissue pieces with collagenase (16, 17), it has been found

that between 74 and 85 per cent of the synovial tissue lymphocytes are T lymphocytes

(Table III). This is close to fhe percentage of these cells which is found in fhe blood.

Near the perivenular small lymphocyte collections, one finds transitional zones of

mononuclear cells. These are rich in large blastic cells which have the appearance of T lympho-

blasts. Some plasma cells are present, and large numbers of macrophages appear to have been

attracted into these areas perhaps as a result of the elaboration of MIF from the blastic cells.
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Fig. 1. Cellular and humoral responses of the rheumatoid synovial membrane.

One must presume that the small lymphocytes which have emigrated from the post-capillary

venules have undergone transformation as a result of stimulation by a local agent, be it antigen

or mitogen, or in the case of B cells, a polyclonal activator.

In the most mature cellular Infiltrates, there are frequent perivascular cell collections which

consist mainly of plasma cells. These are actively synthesizing IgG as discussed below.

Immunoglobulin Synthesis. The synovial membrane produces large amounts of Ig as has been

shown (18) by measuring the Incorporation of Cl 4 amino acids info the Ig produced by

synovial tissue pieces in culture. Most of the Ig synthesized by the RA synovium was IgG.

The amount synthesized was observed to be greater than that produced by normal human

lymphoid tissue and similar to that produced by normal human spleen. It has been calculated

by ZVAIFLER (19) that 12 to 24 per cent of the IgG in RA synovial fluid is derived from

local production. No evidence of local synthesis was observed in the joints of patients with

Reiter's syndrome or degenerative joint disease.

What is the nature of the IgG that the RA synovial membrane synthesizes? By fluorescent

antibody staining of RA synovial tissue, MUNTHE and NATVIG (20) found thot plasma cells

containing IgG were dominant in all membranes examined whether obtained from seropositive

or seronegative patients. Following pepsin digestion fo reveal "hidden rheumatoid factor

activity", these workers observed a remarkable increase in the ability of the tissues to bind

IgG. Following such treatment, 50 to 75 per cent of the plosma cells in the synovial tissue

of seropositive patients bound aggregated IgG indicating thot they were synthesizing

rheumatoid factor |RF). It appears from this work that the major protein synthesized by RA

synovial tissue is IgG-RF. Recently, evidence has been presented (21) that IgG-RF reacts

with itself to form self-associated IgG-RF complexes. The demonstration of the synthesis of
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relotive large quantities of IgG-RF in the synovial membrane Is consistent with the important

role which self-associated RF complexes appear to play in the synovial effusion phase of

rheumatoid synovitis as will be discussed below.

Immune Complex Phase of Rheumatoid Synovitis. Complement levels are generally decreased

in RA synovial effusions (22-24). WINCHESTER, AGNELLO and KUNKEL (25) have shown

thot it is the self-associated IgG-RF complex in the synovial fluid which is mainly responsible

for the reduced complement levels in rheumatoid effusions. The activation of complement by

synovial fluid complexes leads to the formation of a chemotactic C5, C6, C7 complex and a

chemotoctic C5a component which attract PMN into fhe fluid. This explains the relatively

high concentration of polymorphonuclear cells which is present in most rheumatoid fluids.

Phagocytosis of Synovial Fluid Complexes, IgG-RF may combine with IgM-RFand complement

to form (lgG-RF)n-lgM-RF-C' complexes. These complexes may be phagocytosed by

the phagocytic lining cells of the synovium and by the polymorphonuclear cells in the

synovial fluid with the formation of inclusions. The phagocytosis of these inclusions may lead

to further inflammation by bringing about fhe release of lysosomal enzymes from the phagocytic

cells. KINSELLA, BAUM and ZIFF (26) have shown that the phagocytic type A cells,

digested from rheumatoid synovial tissue by trypsin, contain intracellular inclusions. These

stained positively for IgG, IgM and the complement components Clq and C3. HURD, LO-

SPALLUTO and ZIFF (27) obtained similar results upon incubation of rheumatoid synovial

fluid with normal PMN indicating that similar immune complexes are also taken up by PMN.

Release of lysosomal enzymes has been shown to occur (28) following uptake of aggregated

IgG by PMN. Lysosomal protease may activate C5 to C5a which has anaphylotoxic and

chemotactic properties. C5o is also effective in stimulating the release of lysosomal enzymes

from PMN (29). These reactions provide a clear basis for the acute inflammatory phase of

rheumatoid synovitis. It is noteworthy that the immune complexes involved are rheumatoid

factor complexes and that IgG-RF, produced in the synovial tissue, plays a central role in

the formation of these complexes.

Initiation of the Rheumotoia Synovial Response. The source of stimulation of the immune

response occurring in the RA synovium is not known. Speculation has centered around two

possibilities: 1. an infectious agent, and 2. IgG acting as an autoantigen. No convincing

evidence for an infectious etiology Is at present available- Investigations of the antigenic

activity of IgG in rheumatoid arthritis have been conflicting. A number of reports (30-32)

have failed to observe blastic transformation of circulating rheumatoid lymphocytes upon

incubation wilh IgG. On the other hand, KINSELLA (33) found that aggregated IgG produced

significant transformation of the majority of samples of circulating lymphocytes from RA pa-
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lients. The response required the presence of complement. Similar results, however, were

obtained with the lymphocytes of patients with ankylosing spondylitis. FR0LAND and

GAARDER (34) and CLOT et al (35) observed thot heat-aggregated human IgG caused

migration inhibition of buffy coat leukocytes of patients with RA. SANY et al (36) observed

the production of leukocyte inhibitory factor (LIF) upon incubation of rheumatoid lymphocytes

with aggregated IgG. Finally, YAMASAKI and ZIFF (37) hove observed enhancement of in

vitro synthesis of Ig by rheumatoid lymphocytes when cultured with aggregated IgG.

It would oppeor from fhe above results that IgG is capable of stimulating rheumatoid lymphocytes

to respond with blastic transformation, the elaboration of lymphokine, and even the

synthesis of Ig. The mechanism of this response is not clear. It is possible that IgG is serving

as a specific antigen, but it is also possible that a nonspecific effect Is Involved.

1. Andrianakos A.A., Sharp J.T., Person D.A., Lidsky M.D. and Duffy J.: Cell-mediated
immunity in rheumatoid arthritis, Ann. Rheumat. Dis. 36: 13-20, 1977.

2. Whaley K., Glen A., MacSween R., Deodhar S., Dick W.C., Nuki G-, Wil liomson J.
and Buchanan W.W.: Immunological responses in Sjjigren's syndrome and rheumatoid
arthritis, Clin. Exptl. Immunol. 9: 721-732, 1971.

3. Lockshin M.D., Eisenhauer A., Kohn R., Weksler M., Block S, and Mushlin S.B.: Cell-
mediated immunity in rheumatic diseases, Arthr. Rheumol. 18: 245-250, 1975.

4. Waxman J., Lockshin M.D., Schopp J.J. and Doneson I.N.: Cellular Immunity in
rheumatic diseases. 1. Rheumatoid arthritis, Arthr. Rheumat. 16; 499, 1973.

5. Percy J.S., Davis P., Russell A.S. and Brisson E.: A longitudinal study of in vitro tests
for lymphocyte function in rheumatoid arthritis, Ann. Rheumat. Dis. 37: 416-420, 1978.

6. Silverman H., Johnson J., Vaughan J. and McGlamory J.: Altered lymphocyte reactivity
in rheumatoid arthritis, Arthr. Rheumat. 19: 509-515, 1976.

8. Sheldon P., Papamichail M. and Holborow E.: Studies on synovial fluid lymphocytes in
rheumatoid arthritis, Ann. Rheumat. Dis. 33: 509-514, 1974.

9. Wangel A. and Klockars M.: Lymphocyte subpopulations in rheumatoid synovial tissue,
Ann. Rheumot. Dis. 36: 176-180, 1977.

10. Van de Putte L.,Meijer C., Lafeber G., Kleinjan R. and Cats A.: Lymphocytes in
rheumatoid and nonrheumafoid synovial fluids, Ann. Rheumat. Dis. 35: 451 -455, 1976.

11. Utsinger Peter D.: Synovial fluid lymphocytes In RA, Arthr. Rheumat. 18: 595-602, 1975.
12. Goodwin J.S., Messner R.P. and Peake G.T.: Prostaglandin suppression of mitogen-

stimulated lymphocytes in vitro, J. Clin. Invest. 62: 753-760, 1978.
13. Sfastny P., Rosenthal M., Andreis M. and Ziff M.: Lymphokines in the rheumatoid joint,

Arthr. Rheumat. 18: 237, 1975.
14. Kobayashi I. and Ziff M.: Electron microscopic studies of lymphoid cells in the rheuma¬

toid synovial membrane, Arthr. Rheumot. 16: 471, 1973.
15. Bankhurst A., Husby G, and Wlllioms R.: Predominance of T cells in the lymphocytic

infiltrates of synovial tissues in rheumatoid arthritis, Arthr. Rheumat. 19:555-562, t976.
16. Van Boxel J. and Paget S.: Predominantly T cell infiltrate in rheumatoid synovial

membranes, New Engl. J. Med. 293: 517-520, 1975.

17. Abrahamsen T., fr-nland S., Natvig J. and Pahle J-: Elution and characterization of
lymphocytes from rheumatoid inflammatory tissue, Scand.J. Immunol. 4: 823-830, 1975.

280



18. Smiley J,, Sachs C. and Ziff M.: In vitro synthesis of immunoglobulin by rheumatoid
synovial membrane, J. Clin. Invest. 47: 624,1968.

19. Zvaifler N.J.: Immunoreactants in rheumatoid synovial effusions, J. Expll. Med. 134:
276s-285s, 1971.

20. Munthe E. and Natvig J.B.: Immunoglobulin classes, subclasses and complexes of IgG
rheumotoid factor in rheumatoid plasma cells, Clin .exp. Immunol. 12: 55-70, 1972.

21. Pope R., Teller D. and Mannik M.:The molecular basis of self-association of antibodies
to IgG (rheumatoid factors) in rheumatoid arthritis, Proc.Noti.Acod.Sci. 71: 517-521
1974.

22. Pékin T. and Zvaifler N-: Measurement of hemolytic complement in synovial fluids,
Arthr. Rheumat. 5: 314, 1962.

23. Hedberg H.: Studies on the depressed hemolytic complement activity of synovial fluid
in adult rheumatoid arthritis. Acta Rheum. Scand. 9: 165, 1963.

24. Ruddy S., Fearon D.T. and Austen K.F.: Depressed synovial fluid levels of properdin and

properdin factor B in patients with rheumatoid arthritis, Arthr.Rheumat. 18: 289, 1975.
25. Winchester R., Agnello V. and Kunkel H.: Gamma globulin complexes in synovial fluids

of patients with rheumotoid arthritis, Clin. exp. Immunol. 6: 689-706, 1970.
26. Kinsella T., Baum J. and Ziff M.: Studies of isolated synovial lining cells of rheumatoid

and nonrheumatoid synovial membranes, Arthr. Rheums* t. 13: 734, 1970.
27. Hurd E-, LoSpalluto J. and Ziff M.; Formation of leukocyte inclusions in normal poly¬

morphonuclear cells incubated with synovial fluid, Arthr. Rheumat. 13: 724, 1970,
28. Weissmann G., Zirier R.B., Spieler T.J. and Goldstein I.M.: Mechanisms of lysosomal

enzyme release from leukocytes exposed to immune complexes and other particles,
J. Exptl. Med. 134: 149s, 1971.

29. Goldstein I.M. and Weissman G.: Generation of C5-enzyme-releasing activity (C5a)
by lysates of leukocyte lysosomes, J. Immunol. 113: 1583, 1588.

30. Kacaki J.M., Bullock W,E, and Vaughan J.H.: Failure of lymphocyte transformation in
response to gamma globulins in rheumatoid arthritis. Lancet 1: 1289, 1969.

31. Runge L.A, and Mills J.A.: In vivo and in vitro responses to autologous IgG in patients
with rheumatoid arthritis, Arthr. Rheumat. 14: 631, 1971.

32. Reynolds M.D. and Abdu N.I.: Comparative study of the in vitro and synovial fluid
leukocytes of rheumatoid arthritis patients, J.CIin.Invest. 52: 1627, 1973.

33. Kinsella T.D.: Enhancement of human lymphocyte transformation by aggregated human

gamma globulin, J. Clin. Invest. 53: 1108, 1974.
34. Frjisland S. and Gaarder T.: The effect of IgG in vitro on leukocytes from potients with

rheumatoid arthritis, Scand. J. Immunol. 2: 385, 1973.
35. Clot J., Sany J. and Serre H.: Aspects de l'immunité à mediation cellulaire dans la

polyarthrite rhumatoïde. Path. Biol. 21: 465-470, 1973.
36. Sany M., Mathieu O., Clot J., Mondin J. and Ferre H.: Production of MIF-like super¬

natants by rheumatoid arthritis lymphocytes stimulated by immunoglobulin G, in:
Rheumatology (Immunological Aspects of Rheumatoid Arthritis), Vol. 6, S. Karger, Basel,
1975.

37. Yamasaki K. and Ziff M-: Enhancement of in vitro immunoglobulin synthesis of human

lymphocytes by lysosomal enzymes from polymorphonuclear leucocytes, Clin. exp.
Immunol. 27: 254-260, 1977.

Author's address: Morris Ziff Ph.D., M.D., Professor of Internal Medicine, Chief of the
Rheumatic Diseases Unit, Deportment of Internal Medicine, The University of Texas,
5323 Horry Hines Boulevard, Dallos, Texas 75235, U.S.A.

281




	General mechanisms of inflammation in rheumatoid arthritis

