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There is increasing clinical and experimental evidence that many autoimmune 
diseases develop as a result of abnormalities in the T lymphocyte-mediated immunity. 
These diseases include systemic rheumatic diseases such as rheumatoid arthritis (RA) 
and systemic lupus erythematosus, and, possibly, some nonsystemic rheumatic 
diseases such as osteoarthritis and gout. Included also are the organspecific endocrine 
diseases, insulin-dependent diabetes mellitus (IDDM), Graves’ disease, Hashimoto’s 
thyroiditis and, possibly, idiopathic Addison’s disease, idiopathic hypopituitarism 
and pernicious anemia. Disorders of T cell-mediated immunity may also contribute 
to the development of multiple sclerosis, coeliac disease, active chronic hepatitis, and 
some fibrotic skin-, liver- and lung diseases. 

T cell-mediated immune reactions are initiated and controlled by proteins and 
glycoproteins produced by the T- and B lymphocytes (lymphokines) as well as other 
cells involved in these reactions’. The mediators are collectively termed cytokines. 
They are hormones of the immune system acting at extremely low concentrations 
(lo-’’ to 10-I4M) via specific receptors on target cells. Most cytokines act regionally, 
i.e. in the vicinity of the production site, but some of the mediators modulate the 
functions of cells at distant locations via blood and lymph circulation. Table 1 
summarizes the biological properties of the best characterized human cytokines. 

This review will briefly discuss the involvement of cytokines, particularly those 
originating from monocytes/macrophages (Mc#I), in the processes leading to RA, 
IDDM and other autoimmune diseases. 

Correspondence: K.  Bendtzen, MD, Lab. Med. Immunol. 7544, Rigshospitalet University Hospital, 20 
Tagensvej, DK-2200 Copenhagen N, Denmark. 
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178 K. BENDTZEN 

Table 1 

Acronym Principal sources mw (kD) Major function(s) 

Properties of human cytokines 

IL-I5(/B 
(=  LAF) 

TNF-rx 

TNF-b 

IL-2 
(=  TCGF) 

IL-4 
( = BSF-I) 
(= BCGF-I) 

IL-5 
(= TRF) 
(=  BCGF-11) 

1L-6 
(=  IFN-P2) 
(=  BSF-2) 
(=  HPGF) 
( = BCDF) 

BGDF 

IFN-E 

IFN-y 

monocyte/macrophage 
NK cell 
B cell 
dendritic cell 
Langerhans’ cell (skin) 
keratinocyte 
endothelial cell 
astrocyte 
synovial cell 
smooth muscle cell 

monocyte/macrophage 
keratinocyte 
T cell 

T cell 

T cell 

T cell 

T cell 

monocyte/macrophage 
fibroblast 
endothelial cell 
T cell 
myxoma cells 
carcinomas 

17.5 activate: 
T-, B- and NK cells, endothelial cells, hepatocytes 
chondrocytes, osteoclasts, fibroblasts 
nerve cells (induce fever and slow-wave sleep) 
thyrocytes, pancreatic 8-cells (low conc) 

thyrocytes, pancreatic B-cells (medium conc) 
suppress: 

17 activates: 
neutrophils, eosinophils, endothelial cells 
chondrocytes, osteoclasts, fibroblasts 
nerve cells (induce fever) 

17 same as TNF-a 

IS  necessary for T cell growth 
promotes B cell growth and differentiation 
activates Mc$ 

12-30 promotes B- and T cell growth 
activates mast cells 

35-60 promotes: 
B cell differentiation 
eosinophilocyte functions 

24 promotes: 
antiviral activity (weak) 
B cell growth, differentiation and Ig secretion 
growth of factor-dependent hybridomas/ 
plasrnacytomas hepatocyte production of acute-phase 
proteins pituitary functions 

several effects similar to IL-I? 

T cell > 60 promotes B-cell growth and differentiation 

leukocytes 20 activates: 
NK cells 
B cells 
+ other cells 

T cell 17-26 activates: 
monocytes/macrophages, fibroblasts 
B cell differentiation 
+ other cells (induction of MHC class I1 antigens) 

general growth-inhibitory functions 
antiviral activity 

Abbreviations 
IL: Interleukin. LAF: lymphocyte-activaung factor: NK. natural killer (cell). TNF: tumor necrosis factor. TCGF. T cell growth factor. BSF: 
B cell-stmulatory factor; BCGF: B cell growth factor; TRF: T cell replacing hctor;  IFN:  interferon; HPGF: hybridoma/plasmacytoma growth 
factor: BCDF: B cell differentiation factor; B G D F  B cell growth and differentiation factor 
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CYTOKINES AND AUTOIMMUNE DISEASE 179 

EVIDENCE FOR THE INVOLVEMENT O F  T CELL-MEDIATED IMMUNE 
REACTIONS IN AUTOIMMUNE RHEUMATOID AND ENDOCRINE 
DISEASES 

I shall first consider some of the clinical evidence for a pathogenic role of cellular 
immunity in RA and IDDM, both diseases serving here as models for ceratin 
autoimmune rheumatoid and endocrine diseases. 

In this regard, one must realize that disorders of cellular or humoral immunity 
observed during the course of a disease may be the result rather than the cause of the 
disease. This may for instance underly the glucose intolerance seen in up to 75% of 
patients suffering from cystic fibrosis2. In this disease, there is no evidence of a primary 
autoimmune dysfunction. However, the immune abnormalities may still contribute to 
the disease processes and thus play a pathogenetic role. With respect to the organ 
specific autoimmune diseases, one is also confronted with the fact that the cellular 
immune irregularities are usually disclosed by the use of cells from the circulation 
rather than cells from the target organ. Finally, clinically relevant interpretations of 
the findings are difficult, because the patients are often treated with potent im- 
munomodulating drugs at the time of investigation. 

RA 

The inflammatory processes in RA include production of synovial fluid, activation 
and proliferation of cells in the synovial membrane, destruction of articular cartilage 
and bone, and repair processes resulting in fibrosis, ectopic calcification and metaplas- 
tic bone formation. Polymorphonuclear leukocytes (PMN) and M 4  play a critical 
role in all these Immunocompetent cells are also involved, and in severe 
cases the inflamed synovial tissue may resemble a lymphoid organ with germinal 
centers of B lymphocytes surrounded by T lymphocytes. Generally, a relatively large 
proportion of the infiltrating T cells bear membrane markers characteristic for 
activated cells, and such cells are often found in the blood as well (reviewed in3). The 
presence of plasma cells and immune complexes in the synovial tissue and the frequent 
finding of autoantibodies, particularly anti Fc-IgG rheumatoid factors, and hyper- 
gammaglobulinemia also suggests that antibody-mediated reactions are involved in 
the disease processes. However, these humoral reactions may reflect that the cellular 
infiltrate in the synovial tissue is dominated by activated cells of the helper phenotype, 
and these cells may trigger B cells to produce antibodies in an uncontrolled manner. 

Many investigators believe that in RA, the host responds to an exogenous antigen, 
or an endogenous antigen rendered immunogenic in an aberrant manner, to generate 
an inappropriate cellular as well as humoral immune response. 

IDDM 

The most impressive evidence for the role of T lymphocytes in autoimmune diseases 
comes from transplant studies6. When monozygotic twins with IDDM received a 
segmental pancreas graft from the nondiabetic sibling, the initially almost normal 
B-cell function was lost within a few months, apparently as a result of a T cell- 
mediated immune reaction6. This reaction was not part of an allograft rejection, 
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I80 K .  BENDTZEN 

because the twins were genetically identical, and autoantibodies did not appear to 
contribute to the cell damage. Also, the exocrine tissue and the non-p-cells of the islets 
were not affected. Thus, the immune system, probably the T cells, retain the capacity 
to selectively destroy the islet 8-cells even after previous elimination of these cells. 

The temporal association of IDDM with other autoimmune diseases such as 
idiopathic Addison’s disease and Hashimoto’s thyroiditis’, supports an autoimmune 
pathogenesis of IDDM and, possibly, other endocrine diseases. 

The pathogenetic importance of T cell functions is supported by the fact that 
ciclosporin, a T cell-selective immunosuppressive drug, is effective in inducing and 
maintaining remission in patients with different autoimmune diseases, including RA 
and newly diagnosed IDDM’. 

Immunogenet ic studies 

Another piece of evidence that T cell-mediated immune reactions may be pathogeneti- 
cally involved in autoimmune diseases is the contribution to the development of these 
diseases by genes in the major histocompatibility complex (MHC) particularly in the 
MHC class I1 region, in man the HLA-D region’. For instance, the HLA allele DR4 
is positively associated with RA, and DR3 and DR4 are positively associated with 
IDDM. HLA-DR3 is also associated with the development of Graves’ disease, 
atrophic thyroiditis, idiopathic Addison’s disease, coeliac disease, active chronic 
hepatitis and myasthenia gravis. Interestingly, DR2 is positively associated with 
multiple sclerosis, but the same antigen tends to protect against IDDM. HLA-DRS 
is found more frequently than expected in patients with Hashimoto’s thyroiditis. 

MHC class I1 molecules are normally expressed on M 4  and on B lymphocytes, but 
aberrant expression of these antigens has been observed on thyroid cell membranes 
in Graves’ disease, Hashimoto’s thyroiditis and on islet p-cells in IDDMt0-I2. 
Recently, in vitro experiments have shown that interferon-y (IFN-y), produced by T 
lymphocytes, is a potent inducer of MHC class I1 antigens on various cells including 
endothelial and epithelial cells normally devoid of these  molecule^'^. For example, 
IFN-.J induces normal thyroid follicular cells (thyrocytes) to express MHC class I1 
 antigen^'^. Interestingly, the M4- and T cell hormones tumor necrosis factor (TNF-a) 
and lymphotoxin ( = tumor necrosis factor-p (TNF-P) though ineffective by 
themselves synergize with IFN-y in the induction of MHC class I1 molecules in several 
in vitro test systems, including human islet cells12. IFN-y by itself induces MHC class 
I1 antigens only on insulin-containing cells in islets from prediabetic BB rats”, and 
this cytokine also increases MHC class I (HLA-A, -B and -C) expression on human 
p-cells’O. 

Pathogenetic role of MHC class I1 molecules? 

Because of the critical role of these molecules in the presentation of antigens to T 
lymphocytes (Figure I ) ,  it may be speculated that aberrant expression of MHC class 
I1 molecules facilitates presentation of otherwise ‘forbidden antigens’ to autoreactive 
T lymphocytes contributing to tissue damage as a result of a T cell-mediated attack. 
This, however, may not be the only explanation because expression of MHC class TI 
molecules in vivo also depends upon the presence of M4I4, most likely because of their 
crucial role in the activation of T M 4  are indeed the first to infiltrate the 
pancreatic islets in the spontaneously diabetic BB rat, and a blockade of M 4  function 
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CYTOKINES AND AUTOIMMUNE DISEASE 181 

IL-2 

Figure 1 Role of MHC class I1 molecules and IL-I in antigen presentation to T- and B lymphocytes. 
Production of IL-I, IL-6, TNF-a, TNF-fi and IFN-y by the cells involved in the initial triggering of the 
immune system may initiate and perpetuate damage to bystander cells if closely surrounded by activated 
M 0  and lymphocytes (model I), or if the cells are situated downstreams to the inflammatory reaction 
(model 2). 

in prediabetic BB rats prevents the development of the disease’*. Natural killer (NK) 
cells and even B lymphocytes may also be important in this regard, probably because 
both cell types produce the T cell-activating cytokine, interleukin 1 (IL-I)l6. 

CYTOKINES 

IL- 1, tumor necrosis factor (TNF), interferon-y (IFN-y) and interleukin 6 (IL-6) are 
members of a growing family of polypeptide mediators that includes interferons and 
some hemopoietic growth factors (Table I)””. These cytokines orchestrate the 
complex processes of inflammation, immune reactions and hemopoiesis. The 
cytokines mentioned above are produced during immunoinflammatory reactions but 
also during conditions of ‘stress’, and they fulfil important roles in the generation of 
fever and the acute-phase reaction, and in the cachexia resulting from chronic 
infectious and neoplastic  disease^'^,'^. The peptides are also considered important in 
the development of a number of autoimmune diseases, including RA and other 
immunoinflammatory disorders of bone and connective tissues, and IDDM and 
autoimmune thyroid diseases (see below). 
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I82 K. BENDTZEN 

IL- 1 

IL-1 is a small group of peptides of mw 17.5 kD primarily produced by activated M 4  
and NK cells, but also by other cell types, including B lymphocytes and endothelial 
cells (Table 1)'. 16. IL-I is necessary for the induction of activated T lymphocytes, and 
IL-l is almost certainly produced by M 4  and/or NK cells and B lymphocytes 
infiltrating endocrine tissues during autoimmune diseases. So far, two distinct 
members have been characterized, IL- 1 c( and IL-lP (seeI6). 

TNF-a and TNF-P 
TNF-a is produced primarily by M4, but appropriately stimulated T lymphocytes 
also elaborate this cytokine. TNF-a has been identified as the mediator of the 
cytotoxic activity in serum of mice infected with mycobacteria and subsequently 
injected with E. coli endotoxin". Certain tumor cells are highly susceptible to the toxic 
activity of TNF in vitro and in vivo, whereas normal cells usually survive treatment 
with the hormone. TNF-a, or a TNF-a-like cytokine(s), appears to be involved in the 
defence against parasitic diseases such as malaria. 

TNF-a is genetically and structurally closely related to a T lymphocyte-derived 
cytokine, TNF-fi, also referred to as lymphotoxin16. Both species of TNF are of mw 
17 kD, but TNF-P in particular tends to aggregate to higher molecular weight forms. 

The TNFs induce endothelial cell proliferation and production of IL-1, and they 
synergize with IFN-y in the induction of MHC class I and I1 molecules in a number 
of cell types. 

IFN-;, 
IFN-7 is produced primarily by T lymphocytes challenged by recall antigens or 
nonspecific polyclonal  activator^^^'^^'^. It is one of at  least three species of interferons. 
The structure of the human IFN-y gene is known2' and confirms its difference from 
the other interferons, IFN-a, IFN-PI and IFN-BZ see below). IFN-y is pH 2 labile, and 
tends to aggregate into dimers of variously glycosylated proteins",17. IFN-y has 
antiviral and certain cell-suppressive activities, but its immunoregulatory functions 
may be the most important ones (immune interferon). In this regard the M4-activat- 
ing property of IFN-7 is particularly intere~ting'~. '~.  

ILL-6 ( = interferon p2; = B cell-stimulating fuctor 2 )  
Human fibroblasts induced by various stimuli produce several mRNA's encoding 
IFN-like activities including classical IFN-P, now referred to as IFN-PI. A structur- 
ally different 2 1-26 kD molecule with antiviral activity produced by fibroblasts under 
similar circumstances is termed IFN-Dz2'. This molecule is now known to be identical 
with a B cell-stimulating factor termed BSF-222 and a factor capable of promoting the 
growth of hybridomas and p l a s m a ~ y t o m a s ~ ~ . ~ ~  (Table I). 

In the context of this review, it is interesting that IL-1 and TNF-c( induce the 
production of IL-6 in fibroblasts and endothelial cellsz4. To date, IL-1 is indeed the 
most potent inducer of IL-6, suggesting that IL-6 may function as a second mediator 
of some of the effects ascribed to IL-I and/or TNF. This is emphasized by recent 
findings that IL-6 is a potent activator of the same hepatocyte and pituitary functions 
which are induced by IL-1". 
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CYTOKINES AND AUTOIMMUNE DISEASE 183 

PATHOGENETIC INVOLVEMENT O F  IL-1 AND TNF IN RA, IDDM AND 
AUTOIMMUNE THYROID DISEASES? 
R A  
In rheumatoid inflammatory reactions cells entering the joint and periarticular tissues 
from the blood interact with cells and constituents of the connective tissue. Many of 
these processes occur at or near the vascular wall. M$ play an essential role in the 
expression of symptoms of rheumatic diseases3v5, and M 4  products are almost 
certainly involved in these processes. The M 4  products include eicosanoids and 
proteolytic enzymes which degrade articular tissue components such as collagen, 
elastin and proteoglycans. In addition, peptides are produced which increase vascular 
permeability and attract other cells. This not only contributes to the acute symptoms 
of swelling, pain and stiffness but also to the destructive processes causing the chronic 
symptoms. 

IL-1 and TNF, and possibly IL-6, have many biological effects which qualify them 
as potentially important mediators in rheumatic diseases (Tables 1 and 2). The most 
relevant actions of IL-I - usually observed in in vitro experiments - could be their 
stimulatory effects on T- and B cells, M$ (e.g. MHC class I1 antigen expression and 
production of eicosanoids), chondrocytes (production of collagen type 11), fibroblasts 
(production of collagen types I and I1 and eicosanoids), and osteoclasts (bone 
resorption). TNF-a share many of these effects with IL-I. 

Table 2 Functions of IL-1 and TNF” which may be pathogenetically relevant in autoimmune diseases 
~~~~ ~ 

Activation in vifro of: 
- T- and B lymphocytesb 
- NK cellsb 
- monocytes (thromboxane production)b 
- neutrophils (adherence, degranulation, thromboxane and superoxide production) 
- endothelial cells (production of IL-I, PGI,, procoagulant-, leukocyte adhesion-, and class I MHC 

- chondrocytes (production of collagenase, plasminogen, PGE,, and decrease of cartilage proteoglycan) 
- osteoclasts (via osteoblasts?) 
- fibroblasts (growth, production of PGE, and collagenase) 
- hepatocytes (acute-phase-protein in production, and decreased production of albumin)b 
Cytostatic/cytotoxic in vitro to 
- pancreatic islet fi-cells (activates at low concentration)b 
- thyrocytes (activates at low concentration)b 
Induction in vivo of: 
- fever (hypothalamus) 
- slow-wave sleepb 
- anorexia 
- acute-phase-protein synthesisb 
- reduction in blood ZnZ+, Fez+ and albumin, and elevation in blood CU’+~  
- reduction in hepatocyte p450 enzyme activityb 
- wasting (muscle protein- and fat degradation) 
- ACTH and cortisone releaseb 
- leukocytosis (immature neutrophils) 
- increased insulin releaseb 

molecules) 

’Many. I f  not all. effects ascribed to TNF-ol may also be produced by TNF-B 
bAscribed to IL-l only. 

Abbreviations: 
MHC: major histocompatibility complex: ACTH- adrenocorticotropic hormone; PG: prostaglandm 
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I84 K. BENDTZEN 

Several potential cellular sources of IL-1 are present in the arthritic joint, including 
M4, B lymphocytes and vascular endothelial cells (see Table 1). The demonstration 
of IL- 1 in synovial fluids from rheumatoid and osteoarthritic joints further suggests 
that IL-I in particular may play an important role in the pathogenesis of a r t h r i t i ~ ~ . ~ ~ .  
An unbalanced reaction between immunocompetent cells and accessory cells such as 
M4, NK cells and PMN might continually induce the production of IL-1 and other 
proinflammatory substances, for example eicosanoids derived from both the cy- 
clooxygenase and the lipoxygenase pathways. This would contribute to the chronic 
nature of diseases such as RA. It is interesting that IFN-y and IFN-a both inhibit 
several of the above mentioned actions of IL- 1. These effects of the interferons may 
well explain recent clinical findings of a benefical effect of IFN-y (see2’). 

The arthritogenic activity of IL-1 is most clearly seen from in vivo animal 
experiments using recombinant IL-1 (rIL-I). Thus, human rIL-lp induces M 4  and 
PMN accumulation at 24 h after injection2*. This is associated with depletion of 
proteoglycan from the articular cartilage and an increase in the glycosaminoglycan 
content of the joint fluid. Similar signs of cartilage damage by IL-1 are seen in joints 
of rabbits previously depleted of PMN and M 4  by systemic administration of 
nitrogen mustard, indicating that IL-1 itself is capable of stimulating resident cells of 
the joint, such as the chondrocytes, to cause proteoglycan depletion29. 

IDDM and autoimmune thyroid diseases 
Recently, the predominant species of human IL-I, IL-ID, has been shown to be a 
potent suppressor of insulin production in vitro, possibly as a result of a direct and 
selective cytotoxic effect on pancreatic islet f l - c e l l ~ ~ ~ ” ~ .  IL- l a  also reduces insulin 
production, but it is 10 x less potent than IL-lp33. Furthermore, it should be noted 
that IL-lp is produced by activated M 4  at much larger quantities than I L - ~ C ( ’ ~ , ~ ~ .  The 
effect of IL-lp is augmented by TNF-LX~~, further incriminating the M$ as at least one 
type of cell that might be responsible for the processes leading to IDDM. 

Similar effects have been obtained when testing IL- 1b on human thyroid cells 
removed during surgery of paraadenomatous glands34935. The secretion of thyro- 
globulin and CAMP is markedly suppressed even by low concentrations of recom- 
binant IL-lp (15pg/ml = M). Again, the effect is augmented by TNF and, in 
addition, by IFN-y. The thyrocytes are not killed by IL-lp, but their ability to form 
follicles and accumulate glycogen in response to thyroid stimulating hormone is 
suppressed3’. Interestingly, a stimulatory effect on thyroglobulin production is 
consistently observed at very low concentrations of IL-lp (1.5-150fg/ml = 
10’4M)34.75. Similar results have been obtained with regard to the effect of IL-ID on 
insulin production by rat pancreatic D - ~ e l l s ~ ~ . ~ ~ .  

Role of’IL-6? 
The possible role of IL-6 in the processes leading to RA and autoimmune endocrine 
diseases is as yet unclear. However, recent studies indicate that a number of functions 
ascribed to IL-1 may in fact be mediated by IL-6 (Table 1). One of the possibilities 
that has to be considered is that IL-1 induces the production of IL-6 in different cell 
types, including endothelial cells and fibroblasts (see Figure 2), bone cells, and even 
pancreatic islet and thyroid cells. IL-6 has already been shown to be produced by 
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o f  

Figure 2 Model to explain how an inflammatory process, topographically unassociated with a pancreatic 
islet, may inititate 8-cell damage - selectively, but in an immunologically unspecific manner (modified 
from”). Infiltrating mononuclear cells, primarily M 0  and NK cells, as well as endothelial cells are potent 
producers of IL-18. TNF-a and TNF-8 augment this production and potentiate the damaging effect of 
IL-18 on 8-cells. IL-6, produced by MNC and by endothelial cells and fibroblasts, may contribute to this 
effect. IFN-8 and IL-18 increase vascular permeability aiding the accumulation of cytokines within the islet. 
The inflammatory processes may not involve the entire pancreatic gland, and the amount of IL-I8 and the 
TNFs may not always be sufficient to cause permanent damage to the 8-cells. Furthermore, only a few 
8-cells may be damaged during each inflammatory incident, and a certain degree of regeneration of 
functional 8-cells would be expected. The disease process may therefore proceed stepwise and take months 
or years to complete. IFN-y, reinforced by TNF-a and IL-18, may induce MHC class I1 molecules on the 
8-cells, and TNF-a also synergizes with IFN-y to increase the expression of MHC class I molecules on these 
cells. Expression of certain MHC class I1 haplotypes may confer ‘immunogenic’ functions upon the 8-cells 
thereby initiating an autoimmune attack on these cells. 

endothelial cells and fibroblasts in response to IL-1 and TNF-cr, and the production 
is greatly enhanced by I F N - Y ~ ~ .  

The above findings and considerations indicate a central role of Mq5 and, perhaps, 
NK cells and their products IL-1, TNF-cr and IL-6 in a number of autoimmune 
diseases. Even endothelial cells, fibroblasts and other cells in the connective tissue 
could be involved through their production of cytokines such as IL-I and IL-6. 
Moreover, low concentrations of IL-1 may accumulate in endocrine tissues by 
diffusion from the blood during conditions of stress, and this cytokine may therefore 
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Det afgørende nye i denne hypotese er, at den fokuserer på en INITIAL central pato-
fysiologisk rolle for det innate/medfødte immunsystem (cytokiner/receptorer, 
membranassocierede og intracellulære signalveje, komplement, etc.) og en mindre, 
eller slet ingen, rolle for det senere involverede erhvervede/specifikke immunsystem 
(MHC, T- og B-celler, antistoffer), som var ‘det store dyr i åbenbaringen’ den gang.
Holder hypotesen, kan terapeutisk intervention med disse tidlige processer teoretisk 
forbedre prognosen eller ligefrem helbrede T1D, før betydende betacelle destruktion!

Bacteria, fungi?
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fulfil an important beneficial function by potentiating the secretion of insulin and 
thyroid and pituitary hormones under these circumstances. 

MODELS TO EXPLAIN THE INVOLVEMENT OF CYTOKINES IN THE 
DEVELOPMENT OF RA AND IDDM3’ 
Model I 

In the first model, the initial reaction specifically affects the target cells in the synovial 
and bone tissues or in the endocrine gland(s). 

The damage to the cells is initiated for instance by virus or toxins that specifically 
affect the target cells. This causes the release of antigenic material(s) which may 
attract Md  and PMN. The phagocytic cells take up antigen and release chemotactic 
factors for T and B lymphocytes and, possibly, NK cells. The Md, or perhaps the 
MHC class 11-positive target cells themselves, then present the antigen(s) to specifi- 
cally reactive T lymphocytes in a process where IL-I, TNFs, IFN-y and IL-6 are 
released by the interacting cells (Figure 1). The effect of IL-la, potentiated by TNF-c( 
and IFN-y, results in further damage to the cells. Eventually, autoantibodies and 
immune complexes may contribute to the destructive processes. 

The specificity in this model is governed by the specifically reactive T lymphocytes 
and to a certain extent by the specificity of the initial infectious or toxic damage 
inflicted upon the target cells. 

Model 2 

Another model may also account for the initial processes leading to autoimmune 
diseases. In this model, the immunoinflammatory reactions that trigger the disease 
processes are not directly related to the target tissues. 

The initial toxic, inflammatory or infectious reaction takes place in the vicinity of 
the target cells which eventually as ‘innocent bystanders’ become the victims of the 
immunological attack. A model for the initiation of P-cell damage in IDDM is 
depicted in Figure 2. A perivascular process and/or vasculitis in the afferent arteriole 
trigger the production of TNF and, possibly, IL-Ip, IFN-;I and IL-6. The ability of 
TNF and IL-6 to induce IL-lp in endothelial cells contribute to the accumulation of 
high local concentrations of IL-lp in the central region of the islets dominated by 
P-cells. IL- 1p primarily or exclusively damages the fi-cells, and this eventually triggers 
an autoimmune reaction specifically aimed at the 8-cells. Thus, the initial p-cell 
unspecific reaction eventually becomes immunologically specific, and autoreactive T 
cells and autoantibodies may, as in the first model, assist in destroying the P-cells. 

This model predicts that there may be several ‘etiological factors’ involved in the 
course of events leading to IDDM, even in the same individual. The model also 
explains the finding of MHC class I1 proteins on vascular endothelium in prediabetic 
BB rats preceeding infiltration of the islets by mononuclear ~e l l s ’~*~’ ,  and in recent- 
onset IDDM, even in capillaries in or around islets without mononuclear cell 
invasion”. 

The magnitude of the T cell-mediated attack in both models would be expected to 
depend upon the MHC class I1 types of the individual, and this therefore might 
account for the MHC association of many autoimmune disorders. However, it has 
recently been shown that the TNF-c( genes, as well as the TNF-D genes, are located 
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on chromosome 6 in the MHC class 111 region between the HLA-DR and HLA-B 
regions39. If therefore the T N F  genes are polymorphic, the disease-associated HLA 
haplotypes may be linked to allele(s) for the TNF’s coding for prolonged and/or 
pronounced secretion of TNF. Transcription of the T N F  genes might also be 
governed by HLA types in such a way that specific HLA alleles promote and other 
alleles suppress the expression of the T N F  genes. 

Recent findings do suggest that normal human beings vary considerably with 
regard to the ability of their blood M 4  to secrete in vitro TNF-a in response to E. coli 
endotoxin with or without TFN-y. Interestingly, HLA-DR2 positive individuals 
dominate the low-responder group4’. 

CONCLUSION 

There is strong evidence for a role of T lymphocytes, M4, NK cells and, possibly, B 
lymphocytes in the pathogenesis of RA, IDDM and other autoimmune endocrine 
diseases. The peptide hormones (cytokines) produced by these cells, particularly 
IL- 1 p, TNF-r and IFN-y, are potent modulators of bone and synovial tissue cells as 
well as pancreatic islet p-cells and thyrocytes. The genes for TNF-a, and TNF-fi, are 
topographically associated with the MHC genes, in man the HLA-DR and -B genes, 
and certain HLA alleles seem to govern the elaboration in vitro of TNF-a. IL-6 has 
many properties in common with IL-1 and TNF, and it may be involved in certain 
autoimmune disease processes as well. 

It seems highly relevant to investigate the possible role of these cells and their 
mediators in other known or subjected autoimmune diseases such as gout, osteoarth- 
ritis, idiopatic Addison’s disease, pernicious anemia, coeliac disease, active chronic 
hepatitis and certain fibrotic skin-, liver- and lung diseases. One or several cytokines 
may also affect the function of oligodendrocytes and hence play a role in the path- 
ogenesis of multiple sclerosis. 

Treatment to prevent the production and/or function of IL-1, TNF, IFN-y and 
IL-6 may prevent the development, or ameliorate the symptoms, of many 
autoimmune diseases. 
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