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PREFACE 

The immune system is the part of the defense system that is able to 

react specifically to intruding infectious agents. Cells of the immune 

system can co-operate with the non-speci!ic part of the defense system, 

which consists of polymorphonuclear granulocytes and cells of the mononu

clear phagocyte system (e.g. monocytes and macrophages). The immune system 

can react by two types of responses, the humoral and the cellular responses. 

Humoral responses are mediated by the B lymphocytes. These lymphocytes 

can, after having encountered a structure that is foreign for the body, 

an antigen, produce antibodies. These antibodies can spread throughout 

the body by the circulation. After an antibody has bound an antigen, the 

antigen can be eliminated efficiently by the mononuclear cell system. 

Foreign cells can be lysed by antibodies when they bind molecules of the 

complement system. Antibodies and antigens, in certain ratios, can form 

complexes, so-called immune complexes (IC), that can precipitate in blood 

vessels and tissues and thereby can cause damage. 

The cellular immune system consists of the T lymphocytes. T lympho

cytes are_unable to recognize separate antigen molecules. Molecules of 

the major histocompatibility complex (MHC)-_are of great importance for 

the recognition of antigens by T cells: This histocompatibility complex 

is called HLA in man and H-2 in mice. A schematic representation of the 

genes coding for these MHC molecules is given in Fig. 1. 

T cells have a receptor that can only recognize an antigen when it is 

associated with molecules of the individuals' own MHC complex, on the 

surface of cells of the mononuclear phagocyte system (these are called 

'syngeneic' MHC molecules). 

Within the T cell population at least two subpopulations can be discri

minated based on their cell surface molecules, namely the helper T cell 

(Th) population that has CD4 molecules on its surface and the cytotoxic/sup

pressor T cell (Tc/s) population that has CDS molecules on its surface. 

The Th cells recognize antigens in the context of class II molecules of 

the MHC complex. They are said to be class II restricted in their antigen 
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viral antigens in the context of class I molecules. Proliferation of the 
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recognition. After having recognized an antigen, they react by the produc

tion of soluble factors, so-called lymphokines, that can induce B cells to 

produce antibodies and activate non-lymphoid cells. Furthermore, by the 

release of chemotactic factors they can recruit non-lymphoid cells to 

produce an inflammation. Tc cells can lyse target cells which are recog

nized to contain non-self molecules in the context of class I molecules. 

Ts cells, finally, can suppress humoral as well as cellular responses. 

The cell surface molecules and soluble factors that are involved in the 

activation of the T cells are shown in Fig. 2. 

Under normal conditions immune responses against 'self' molecules are 

prevented. This is thought to be regulated in the thymus. Consequently 

the organism is 'self-tolerant'. In most autoimmune diseases the immune 

system probably recognizes self structures that should not be recognized 

like foreign antigens, leading to disease. Rheumatoid arthritis is one of 

the autoimmune diseases. It is clear that T lymphocytes play an important 

role in this disease. In this thesis we show that cloned T cell populations 

with the helper phenotype together with the (here artificial) antigen 

they recognize, can induce joint inflammations in mice. Moreover, ·these 

joint inflammations can, after waning, show exacerbations after the second 

administration of the same antigen. This resembles the course of the disease 

as this is observed in rheumatic diseases. These results emphasize the 

importance of T lymphocytes in the origin as well as in the exacerbations 

of these diseases. The structures that are recognized by the T cells and 

that induce the T cells to cause inflammatory reactions, however, are 

still under debate. 
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1. GENERAL INTRODUCTION 

One out of every five people of the Dutch population suffers from one 

or another form of rheumatic disease during his or her lifetime. In this 

name several diseases of the joints, the spinal cord and the connective 

tissues are gathered. One of the most frequently occurring diseases is 

rheumatoid arthritis (RA) which is an inflammatory joint disease. About 

three percent of the Dutch population is suffering from this disease. 

Depending on age it occurs two to three times more often in females than 

in males. Rheumatoid arthritis is considered to belong to the collective 

term of 'autoimmune diseases'. Autoimmune diseases are the diseases that 

are assumed to be caused by a reaction of the immune system to the own body 

structures. 

Table 1 

Pathogenesis by T cells 

Multiple sclerosis 
Demyelinisating polyradiculoneuritis 
Diabetes mellitus 
Chronic polyarthritis 
Hashimoto-thyreoiditis 
Forms of uveitis 
Forms of interstitial nephritis 
Psoriasis 

After Fierz, 1987. 

McFarlin and McFarland, 1982 
Korn-Lubetzki and Abramsky, 1980 
Eisenbarth, 1986 
Decker et al., 1984 
Wicket al., 1985 
Kaplan and Waldrep, 1984 
McCluskey and Bhan, 1982 
Valdimarsson, 1986 

Many investigators suspect T lymphocytes to play a pivotal role in the 

pathogenesis of these autoimmunities (Table 1). In spite of the word 'auto'

immunity it has been often suggested that infectious agents might play a 

role in the etiology of these diseases. Especially with regard to joint 

inflammations there are many indications that bacterial infections are 

involved. For example a correlation has been found between the appearance 

of ankylosing spondylitis and Klebsiella infections (Keat, 1986). In the 

so-called reactive arthritis, infections have been found of Yersinia, 

Salmonella, Shigella etc. (Phillips and Christian, 1985; Toivanen et al., 
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1985). Moreover, it is known that patients that suffer from Crohn's disease, 

which is a chronic gut inflammation, have a higher risk of developing 

joint inflammations (Greenstein et al., 1976). Obesitas patients that 

have undergone intestinal bypass surgery have a higher risk to develop 

rheumatic disease (Lancet editorial, 1983) . A role of micro-organism_s in 

the etiology of RA has been suggested by Bennett (1978). With regard to 

viral infections there are indications for a possible role of Epstein-Barr 

virus (EBV). RA patients have been shown to exhibit higher antibody titers 

against EBV nuclear antigen (Alspaugh and Tan, 1976). Recently a parvovirus 

has been found in high frequency in synovial extracts of RA patients (Simpson 

et al., 1984). 

The inflammatory diseases of the joints often occur with exacerbations 

and remissions. The reason for this is unknown. 

Many factors that influence the etiology and the pathology of the joint 

inflammatory diseases such as genetic predisposition, hormonal influence, 

cellular and humoral immunity and production of lyrnphokines and other 

mediators have been studied. This is schematically presented in Fig. 1. 

UNKNOWN ANTIGENETIC 
STIMULUS 

X 
Exogenous 
virus(es) 

_bacteria 

Endogenous 
collagen 
proteoglycan 

Genetic 
predisposition 

IMMUNE RESPONSE SYNOVIAL. FLUID 
ACUTE INFLAMMATION 

Activation of fibrin, 
kinin system ,C 

Release of leukotriens 

SYNOVIAL PROliFERATION 
CHRONIC INFLAMMATION 

Angiogenesis 
Platelet aggregation 

1 
M0 prolifera"tion 

1 
Pannus formation 
collagenase 
proteinase etc. 

j 
~;::t~i~f~~~n~f oxygen ----+ Cartilage destruction 
chemoattractants 

~-A model for pathophysiology of RA. Adapted after Harris (1985). 
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The genetic predisposition is apparent in individuals that are HLA-DR4 in 

their major histocompatibility (MHC) antigens. They have a 4-6 times higher 

risk of developing RA. Individuals that are HLA-B27 positive have a 140 

times higher risk for ankylosing spondylitis (Harris, 1986). Reactive 

arthritis also occurs prevalently in HLA-B27 positive individuals (Toivanen 

et al., 1985). Hormonal influence is apparent from the two to three times 

higher risk of women to develop RA, whereas ankylosing spondylitis occurs 

three times more often in men. 

Much research has been performed to investigate the cellular and humoral 

responses that occur in joint inflammations. In recent years also the 

role of lymphokines has got much attention. Such studies have been done 

in patients suffering from rheumatic diseases as well as in several animal 

models. These investigations will be discussed in the following paragraphs. 

2. HUMAN ARTHRITIS 

2.1. Cellular responses 

Many contradictory results have been presented concerning the phenoty

pe, degree of activation and ability to be stimulated by antigen or poly

clonal stimulators ofT cells in peripheral blood (PB), synovial fluid 

(SF) and synovial tissue (ST) of patients suffering from joint inflammations. 

These differences are partly due to the fact that different authors study 

different diseases such as RA, reactive arthritis (ReA), juvenile rheumatoid 

arthritis (JRA) or Reiter's syndrome. There is also a difference in the 

source of the_ cells studied. Some authors study PB lymphocytes, others 

study the lymphocytes that are derived from the actual place of inflamma

tion, the SF or ST. Much attention has been paid to the ratio of the expres

sion of the surface antigens CD4 and CDS, the CD4/CDS ratio, which represents 

the ratio between helper T (Th) and cytotoxic/suppressor T (Tcjs) cells. 

Several authors have found that in the PB of patients suffering from 

rheumatic diseases the CD4/CDS ratio has increased (Luyten et al., 19S6; 

Raeman et al., 19Sl; Veys et al., 19S2). In the SF often a lower CD4/CDS 

ratio has been found than in the PB (Duke et al., 1983; Jahn et al., 1986; 

Lasky et al., 19SS; Thoen et al., 19S7). The CDS+ T cells have been found 

to include the 'spontaneously' proliferating cells in the SF (Bergroth et 

al., l9S5). In the ST predominantly CD4+ T cells were found (Johnell et 
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al., 1985; Poulter et al., 1985). Others have described an increased ens+ 
population in the ST as compared to the PB (Burmester et al., 1981). Possi

bly, these results depend upon the site of the joint examined (Kurosaka 

and Ziff, 1983) 

Functional aberrations have also been described in the suppressor system 

(Lasky et al., 1985). An increased CDS expression has been reported in 

association with a decreased suppressor activity which might be due to a 

defect in the T suppressor inducer cell (Tsi) population, which is thought 

to have the CD4 phenotype (Lasky et al., 1985). A decrease in the Thi/Tsi 

ratio can be detected by the use of the recently discovered monoclonals 

2H4 and 4B4 (Morimoto et al., l985a, 1985b). 

Generally large numbers of activated T cells have been found in the SF 

(Ford et al., 1985; Jahn et al., 1986; Nykanen et al., 1986; Poulter et 

al., 1985) and the PB (Keystone et al., 1986), but contradictory results 

have been found here as well (Lautenschlager et al., 1987). Also a partial 

activation has been found in which the T cells exhibit an increased MHC 

class II expression but a normal interleukin-2 (IL-2) receptor expression 

and transferrin receptor expression (Konttinen et al., 1985; Pitzalis et 

al., 1987). 

Also with regard to IL-2 changes have been found, e.g. a higher than 

normal turnover (Waalen et al., 1987a; Salmon and Bacon, 1988). Several 

authors investigated the possibility to stimulate the PB or SF cells of 

patients suffering from joint diseases using polyclonal stimulators. Also 

the autologous mixed lymphocyte culture react~on (AMLR) has been employed. 

In the AMLR the proliferative response is due to T lymphocytes stimulated 

by autologous non-T mononuclear cells (Macdermott and Stacey, 1981; Smolen 

et al., 1981). The MHC class II antigens are thought to initiate these 

responses (Palacios and Moller, 1981). Responses to polyclonal stimulators 

like pokeweed mitogen (PWM) are often low in the SF (Reynolds and Abdou, 

1973; Abrahamsen et al., 1978; Nilsson et al., 1986), which may be due to 

previous stimulation of the T cells in vivo. Responses against 'recall' 

antigens as PPD (protein purified derivative from Mycobacterium tuberculo

sis) have been reported to be lower in the PB of RA patients than in normal 

controls. Apparently there is an anergy for these responses (Wahl et al., 

1983; Malone et al., 1984; Kingsley et al., 1987). The AMLR in the PB has 

also been shown to be lower than normal (Forre et al., 1982; Kalden et 

al., 1983; Kingsley et al., 1987; Smith and DeHoratius, 1982). 
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T cell clones andjor lines derived from the SF have been produced by 

various groups of investigators. Such clones and lines may express various 

phenotypes (Schlesier et al., 1984; Ofosu-Appiah et al., 1986; Bishop et 

al., 1986; Abdel-Nour et al., 1986; Schlesier et al., submitted). These T 

cell clones have been found with specificity for autologous MHG antigens 

(Schlesier et al., 1984, submitted), proteoglycans (Mikecz et al., 1988) 

and collagen (Londei et al., 1988). 

A noteworthy finding has been done by Holoshitz et al. (1986) and Res 

et al. (1988), who have found that lymphocytes from patients with RA seem 

to be sensitized for a fraction of Mycobacterium tuberculosis (MT) which 

contains epitopes that display immunochemical resemblance to cartilage 

(this is discussed further in section 3.2). The proliferation of the lympho

cytes upon stimulation with this antigen was first noted in the SF and in 

a later stage of the disease in the PB. Moreover it has been found that 

individuals having HLA-DR4 histocompatibility antigens exhibit stronger 

responses upon cutaneous testing with MT (Ottenhoff et al., 1986). This is 

of interest as HLA-DR4+ persons have a higher risk of developing RA. Other 

authors argue that the higher proliferation of lymphocytes from RA patients 

to MT is not due to the disease but to the fact that this group of patients 

involves a relatively high percentage of HLA-DR4 positive individuals 

(Palacios-Boix et al., 1988). 

With regard to T cell receptor (TGR) expression it has been found that 

T cells of RA patients exhibit a dominant rearrangement of TGR ~ chain 

genes. Distinct rearrangements have been found in SF T cells, which were 

not found in the PB T cells (Savill et al., 1987; Stamenkovic et al., 

1988). In the SF of JRA patients a rather frequent usage of TGR16 has 

been found (De Maria et al., 1987). 

2.2. Humoral responses 

In studies on humoral responses much attention has been paid to the 

occurrence of auto-antibodies. One of the most frequently investigated 

antibodies are the rheumatoid factors (RF). The RF mainly occur in RA, 

but patients with other autoimmunities like primary Sjogren's syndrome, 

systemic lupus erythematosus and scleroderma can also express RF (Carson, 

1985). RF are antibodies directed against the constant region of IgG mole

cules. Most of the RF in human are of the IgM isotype, but IgA, IgG and 

IgE RF can also occur (Garson, 1985). In a large percentage of the patients 
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suffering from RA, RF are not found in the serum. This makes the role of 

RF in the etiology of RA doubtful. It has been suggested that the relation

ship that is found between RA and HLA-DR4 in fact is a relationship between 

the ability to make RF and HLA-DR4 (Panayi et al., 1987). 

Possibly, the occurrence of RF is a reflection of perturbations of the 

immune system e.g. by continuous antigenic stimulation, increased immune 

complex (IC) formation or immune regulatory dysfunctions (Fong et al., 

1986). B cells able to produce RF are reported to be present in all indivi

duals, and the production of RF can be induced in all individuals. Part 

of the RF have a common germline Vk gene (Fong et al., 1986). 

Three possible stimuli for the production of RF are mentioned in the 

literature: 

1. Stimulation by aggregated IgG (Nemazee, 1985) or IC (Goldstein and Karsh, 

1986); 

2. Induction by exogenous antigens that crossreact with IgG. Striking are 

the publications that describe that human IgG RF have structural homology 

with bacterial Fe receptor proteins (Weisbart et al., 1987); 

3. Polyclonal B eel stimulators (Koopman and Schrohenloher, 1980; Goldstein 

and Karsh, 1986). 

The glycosylation of the serum IgG in patients with RA and osteoarthrosis 

is abnormal (Parekh et al., 1985). The amount of galactose is decreased. 

This might be responsible for the production of RF, since abnormal glyco

sylation may account for new antigenic determinants or lectinlike activity 

as a result of complex formation or autoaggregation. Galactose deficiency 

has also been found in patients suffering from SLE or Crohn's disease 

(Tomana et al., 1988). 

Autoantibodies have also been described directed against several other 

autologous structures e.g. collagen type II (Trentham, 1985; Choi et al., 

1988) and DNA (Hahn, 1985; Rowley et al., 1988). 

Concerning the relationship between ankylosing spondylitis and Klebsiella 

infections a crossreactivity at the antibody level between Klebsiella 

pneumonia and a determinant of HLA-B27 has been described (Keat, 1986). 

In reactive arthritis caused by a Yersinia infection crossreactivity has 

been shown between Yersinia and HLA-B27 (Chen et al., 1987). 

2.3. Anti~en presentin~ cells 

The rheumatoid synovial tissue contains a large number of different 
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MHC class II (HLA-DR) expressing cells, some of which have a high antigen 

presenting capacity. The rheumatoid tissue often contains infiltrates 

that strongly resemble a delayed type hypersensitivity (DTH) reaction, 

showing Th cells in close contact with class II positive cells (Janossy 

et al., 1981; Klareskog et al., 1982b). The class II positive cells are 

involved in the activation of the T cells by presenting the antigen. Various 

cell types have been described that can be class II positive (Burmester 

et al., 1983): 

1. Macrophages. A part of the synovial cells is macrophage like. They are 

phagocytic and express macrophage markers (Burmester et al., 1983). 

2. Dendritic cells (DC). These cells express class II molecules very strong

ly, are unable to process particulate antigens, but can efficiently 

perform accessory functions in antigenic and mitogenic stimulation of 

T cells and the induction of AMLR (Steinman and Nussenzweig, 1981). DC 

are present in increased numbers in the rheumatoid synovium (Klareskog 

et al., 1981) and express HLA-DR, -DP and -DQ molecules (Waalen et 

al., 1987b). DC derived from the synovial fluid have been shown to be 

able to produce interleukin-1 (Waalen et al., 1986). The synovial mononu

clear cells have been claimed to be 10 times more active as antigenpre

senting cells than PB cells (Zvaifler et al., 1985). Burmester et al. 

(1984), however, have found that the non-lymphoid synovial cells do 

not induce T cell proliferation and even inhibit polyclonal T cell 

activation. 

3. Chondrocytes. Also chondrocytes have been shown to be able to present 

antigen (Tiku et al., 1985). After stimulation with interferon-~ they 

can express HLA-DR antigens, whereas HLA-DP is still negative (Jahn et 

al. , 1987). 

2.4. Lymphokines 

The role of lymphokines in the inflamed joint has been studied by several 

authors. Some of these studies will be summarized here. 

1. Interleukin-1 (IL-l). This lymphokine is produced by macrophages and 

dendritic cells. IL-l is needed for the activation of resting T cells 

to express receptors for interleukin-2 (IL-2) and for the release of 

IL-2. IL-l activity has been shown to be present in the SF (Fontana et 

al., 1982; Hopkins et al., 1988). IL-l can induce various changes in

cluding the proliferation of fibroblasts and synovial cells, secretion 
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of collagenase, production of collagen, prostaglandin E2 (PGE2), lysosomal 

enzymes and proteases by chondrocytes, inhibition of chondrocyt prolifera

tion and stimulation of bone resorption (Danis et al., 1987). The low 

response of synovial mononuclear cells upon mitogenic stimulation (Rey

nolds and Abdou, 1973; Abrahamsen et al., 1978; Nilsson et al., 1986) 

might to be caused by an IL-l inhibitor that interferes with the effects 

of IL-l on the T cells (Lotz et al., 1986). 

2. Interleukin-2 (IL-2). This lymphokine is produced by activated T cells 

and induces, after binding to the IL-2 receptor, proliferation. According 

to Combe et al. (1987), the PHA induced IL-2 production by SF and PB 

lymphocytes from RA patients is decreased as compared to the production 

by control lymphocytes. A radiosensitive suppressor cell is reported to 

be involved in this decreased IL-2 production (Combe et al., 1987). 

Contradictory results have been presented by Lemm and Warnatz (1986) and 

Nouri and Panayi (1987). 

In SF only small amounts of IL-2 have been detected (Egeland and Lund, 

1987), possibly as a result of absorption of the IL-2 by the activated 

T cells (Knobloch et al., 1985). Recently, elevated soluble IL-2 receptors 

have been reported in the synovial fluids of RA patients (Keystone et 

al., 1988). This might influence these results. High levels of IL-2 

and IL-2 receptor transcripts have been found in the mononuclear cell 

fraction in RA lesions. The expression of these messages is prolonged 

as compared to the expression in normal, stimulated PB mononuclear 

cells (Buchan et al., 1988). 

3. Interleukin-6 (IL-6). This is a recently discovered interleukin that 

has been investigated under several other names, e.g. Ifn-fi2, hybridoma 

growth factor (HGF) and B cell stimulatory factor-2 (BSF-2). IL-6 is 

often found in association with IL-l. IL-6 is increased in many inflamma

tory reactions and has been found to be significantly elevated in SF 

from RA patients (Houssiau et al., 1988). 

4. Interferon-1 (Ifn-1). This lymphokine is produced by a subclass of 

activated helper T cells (Mossman et al., 1986) and can induce MHC class 

II expression on various types of non-lymphoid cells (e.g. Geppert and 

Lipsky, 1985). Ifn-1 has been found in the SF of RA patients (Cesario 

et al., 1983; Degre et al., 1983). 

Moreover, lymphokine-like factors have been reported to occur in the 

SF, such as migration inhibition factor (MIF) (Egeland et al., 1981), B 
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cell differentiation factor (BCDF)(Al-Balaghi et al., 1984) and B cell 

colony stimulating factor (Fay et al., 1985). 

2.5. Histology 

As reported in 1. General introduction, rheumatic diseases include several 

diseases of the joints, the spinal cord and the connective tissues. Therefore 

the histopathology of these diseases is also heterogeneous. In RA the 

types of inflammatory cells seen are in part dependent on the chronicity 

of the lesion. In early cases of RA a synovitis is seen, together with 

capillary and venular congestion and oedema. Polymorphonuclear (PMNC) 

cells migrate through the venous endothelial intercellular gaps, pass the 

synovial lining cells and escape into the synovial fluid. In early RA 

they are the predominant cell type. They release proteolytic enzymes (elas

tase and collagenase), prostaglandins and free radicals of oxygen. Sub

sequently, the PMN cells are joined by macrophages, later on followed by 

plasma cells and again in a later stage by a diffuse infiltrate of T lympho

cytes. In this stage fibrin accumulates and sometimes lymphoid follicles 

with germinal centers occur. Several days after the onset of the disease 

granulation tissue and fibrosis are evident. In later stages also destruc

tion of the hyaline cartilage occurs (Zvaifler, 1983; Gardner, 1986). 

3. ANIMAL MODELS 

To investigate the various processes involved in the etiology and patho

genesis of rheumatic diseases, several animal models have been developed. 

These models will be discussed hereafter, with emphasis on the role ofT 

lymphocytes. 

3.1. Antigen induced arthritis 

The antigen induced arthritis (AlA) model has been developed initially 

in rabbits (Dumonde and Glynn, 1962), but the arthritis can also be induced 

in mice (Brackertz et al., 1977a). This form of arthritis is induced by 

immunization with an antigen in Complete Freund's Adjuvant (GFA), several 

weeks later followed by a challenge dose of the antigen in one of the 

knee joints. After the latter antigen injection a joint inflammation devel

ops. Not all mouse strains are equally susceptible to the induction of 
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this type of arthritis (Brackertz et al., 1977a, 1977b). 

The induction of AlA is T cell dependent. This has been shown in adoptive 

transfer studies (Brackertz et al., 1977c). Van den Berget al. (1984, 

1986) have shown that the charge of the antigen used is of great importance 

for the antigen handling within the joint and that the development of 

chronic arthritis is a.o. dependent on the amount of antigen that is retained 

in the joint. Cationic antigens are retained in a joint as the result of 

charge interactions with the negatively charged cartilage structures. 

Retention of antigen in joints has been shown by autoradiography (van 

den Berget al., 1982). Antigen-antibody complexes are unable to pene

trate the cartilage. Antibodies directed against the cationic proteins 

only recognize these antigens on the surface of the cartilage and they do 

not penetrate the cartilage (Zatarain-Rios and Mannik, 1987). Therefore, 

antibodies directed against these antigens seem to be less important for 

retention of the antigen than the charge interactions of the cationic 

antigens with the cartilage. The higher the cationisation of the antigen, 

the better the retention of the antigen. Cationic antigens with a very 

high pi, however, induce a weaker T cell response and therefore the arthri

tis is less chronic (van Lent et al., 1987). 

An interesting feature of the AlA model is the possibility to induce 

exacerbations by a rechallenge with the original antigen. This can be 

achieved by a repeated local injection of the antigen (van Beusekom et 

al., 1981), but also by a systemic administration of the antigen, either 

by the intravenous (iv) (van de Putte et al., 1983; Lens et al., 1983) or 

by the oral route (Lens et al., 1984). These exacerbations, also called 

flare-up reactions, can be inhibited by in vivo administration of anti 

class II antibodies (van den Broek et al., 1986). 

Intra-articular administration of the antigen can induce an acute type 

of inflammation histologically characterized by exudation and deposition 

of fibrinlike material. Initially PMNC are predominant, later on followed 

by an increase of the proportion of mononuclear cells. Synovial lining cell 

hyperplasia is also regularly observed. Van den Berg et al. (1981) and 

Kruij sen et al. (1983) described that in the AlA the muscles nearby the 

joint became intensively infiltrated by PMNC that spread out of the synovial 

tissue. Proliferation of the fibroblasts of the fibrous capsule was seen 

that was most extensive at the site of attachment to the bone. There is 

subperiosteal new bone formation, but there is also loss of subchondral 

bone. Chondrocyte death was found a.o. in the center of the patella, and 
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the formation of new cartilage was seen at the margins of the patella. In 

an immunohistochemical study the presence of macrophages and DC in the 

joints of rats with AIA was established (Dijkstra et al., 1987). Classical 

macrophages were found superficially in the synovium, while the DC occurred 

in clusters around the small vessels in the synovium. 

3.2. Adjuvant arthritis 

Adjuvant arthritis (AA) is a chronic arthritis that develops in rats 

after injection of Mycobacterium tuberculosis (MT) in mineral oil (CFA) 

(Pearson and Wood, 1959). Already 25 years ago it was shown that this disease 

can be transferred to naive animals by passive transfer of lymphoid cells 

(Waksman and Wennersten, 1963; Pearson and Wood, 1964). Passive transfer 

of the disease has also been shown using thoracic duct lymphocytes (White

house et al., 1969). Later it has been shown that the AA could also be 

passively transferred to naive rats by concanavalin A stimulated lymph 

node cells (Taurog et al., 1983a). This population of cells appeared to 

consist predominantly of W3/25+ (helper phenotype) T cells (Taurog et 

al., 1983b). However, transfer of cultured T cells can also induce suppres

sion of subsequently induced AA (Ogawa and Tsunematsu, 1986). 

Recently the group of Cohen succeeded in isolating T cell clones from 

Lewis rats with AA. Clone A2b, which is specific for MT, transferred arthri

tis to gamma irradiated naive Lewis rats without antigen (Holoshitz et 

al., 1983; 1984). Another clone, A2c, isolated from the same culture, was 

not arthritogenic. On the contrary, rats that had received A2c clone had 

acquired resistance to the active induction of AA (Cohen et al., 1985). 

The A2b clone, after treatment with hydrostatic pressure, was also able 

to induce resistance to AA (Lider et al., 1987). The rationale for the 

arthritogenicity of the A2b clone likely is that this clone does not only 

recognize MT but also cartilage proteoglycans (van Eden et al., 1985; 1987) 

as there exists a crossreactive epitope between MT and these proteoglycans. 

This is shown in Fig. 2. The epitope that is involved here is situated on 

a 65 kD protein of MT, is cloned and consists of nine amino acids (van 

Eden et al., 1988). The 65 kD protein can also protect rats against AA 

(van Eden et al., 1988). This 65 kD protein is reported to be a heatshock 

protein (Shinnick et al., 1988), which is a protein that is very common 

in bacteria and is released after a heat shock (Polla, 1988). 

Histologically, the arthritis induced by active immunization using MT, 

the arthritis induced by systemic transfer of MT specific T cell clones 
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and the bystander arthritis by an ovalbumin specific T cell clone in combina

tion with local administration of ovalbumin have been compared. All three 

forms of arthritis were characterized by the same pathologic changes, though 

the day of onset was different. Marked hyperplasia of the synovium was 
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observed together with infiltration of inflammatory cells, predominantly 

lymphocytes and plasma cells and a smaller number of PMN cells, histiocytes 

and fibroblasts. Pannus formation and bone erosion also occurred (Stanescu 

et al., 1987). 

3.3. Bacterial cell wall induced arthritis 

A single intraperitoneal (ip) injection of cell wall fragments of Strepto

~ group A bacteria can induce a chronic arthritis in susceptible rat 

strains (Cromartie et al., 1977). These cell wall fragments consists of the 

type of peptidoglycan-polysaccharide (PG-PS) complexes shown in Fig. 3. 

These PG-PS complexes of Streptococci have been reported to be able to 

activate the alternative complement pathway (Greenblatt et al., 1978), to 

activate macrophages and to polyclonally stimulate lymphoid cells (Ste

wart-Tull, 1980). The immunized rats first develop an acute arthritis 

that is dependent on the complement system (Schwab et al., 1982), followed 

by a chronic joint inflammation that can persist for many months. 

Athymic, T cell deficient nude rats only developed the acute joint 
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inflammations but not the chronic form (Ridge et al., 1985). This is indi

cative for the importance of T cells in the chronic joint inflammation. 

However, Hunter et al. (1980) reported that cell mediated immunity against 

these bacterial cell walls might not be the major pathogenic factor in this 

experimental disease. Not all rat strains are susceptible to the induction 

of joint inflammations by PG-PS extracts (Wilder et al., 1983). Possibly 

suppressor mechanisms play a role in the protection of these insusceptible 

rat strains (van den Broek et al., in press a). 
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The arthritogenicity of the PG-PS extracts is dependent on several 

factors such as the particle size (Esser et al., 1986; Fox et al., 1982), 

the rhamnose content and the resistance for lysozyme (Lehman et al., 1985). 

Acetylation of the PG-PS extracts caused an earlier waning of the disease 

with little evidence for recurrent disease (Stimpson et al., 1987a). This 

indicates that' the persistence of the PG-PS in the body is obligatory for 

chronicity of the arthritis. 

Local injection of S. pyogenes extracts only induces transient arthritis 

which can show exacerbations after systemic administration of subarthrito

genic doses of homologous or heterologous PG-PS complexes, muramyldipeptide 

(Esser et al., 1985), lipopolysaccharide (Stimpson et al., 1987b) or IL-l 
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(Stimpson et al., 1988). 

Acute joint inflammations after systemic administration of PG-PS com

plexes of various bacteria has also been found in mice (Koga et al., 1985). 

Furthermore, in mice arthritis induced by local administration of Strep

tococcal cell walls has been shown to exhibit flare-up reactions after 

systemic rechallenge with homologous or heterologous cell walls (van den 

Broek et al., in press b). 

Not only cell wall extracts of Streptococci group A are able to induce 

arthritis in rats but also extracts derived from Lactobaccilus casei (Lehman 

et al., 1983) and extracts of strictly anaerobic gut bacteria such as 

Peptostreptococcus productus (Stimpson et al., 1986) and Eubacterium aero

faciens, which occur in very high numbers in the human gut (Severijnen et 

al., 1988; submitted). 

The histology of the arthritis induced by Streptococcus group A has been 

described by Cromartie (1977). The acute inflammation is characterized by 

vascular congestion, oedema, fibrin deposition and infiltration by neutro

phils and mononuclear phagocytes predominantly in the synovial membrane. 

After two weeks this reaction subsides and is replaced by a chronic inflamma

tion characterized by proliferation of the connective tissue, blood vessels 

and the stroma of the synovial villi, infiltration by mononuclear phagocytes 

and lymphocytes, continued hyperplasia of the synovial lining cells, and 

destruction of the cartilage and subchondral bone. 

3.4. Collagen type II induced arthritis 

Collagen type II induced arthritis (CIA) is a model that is based upon 

intradermal injection of collagen type II. The model was first described 

in rats (Trentham et al., 1977) and later in mice (Courtenay et al., 1980) 

and monkeys (Cathcart et al., 1986). The susceptibility for CIA in mice is 

restricted to mouse strains with particular H-2 class II haplotypes (H-2 

I-Aq) (Wooley et al., 1981). Results have been presented that suggest a 

role for humoral as well as cellular immunity in the pathogenesis of this 

experimental disease. 

The role of T cells in CIA is apparent from the observation that athymic 

nude rats do not develop CIA (Takagishi et al., 1985) and that treatment 

with anti-thymocyte serum decreases the incidence of the arthritis (Brahn 

and Trentham, 1984). Trentham et al. (1978) have shown that the CIA can be 

passively transferred by pooled LN cells from actively immunized rats. This 

does not give, however, a decisive answer about the role of T and B cells 

26 



in the inoculum. Others have made T cell clones and lines with specificity 

for collagen type II (Dallman and Fathman, 1985; Hom et al., 1986a; l986b; 

Holmdahl et al., 1985a, 1986; Brahn and Trentham, 1987; Kakimoto et al., 

1988). In mice such clones can transfer the joint inflammations to naive 

recipients (Holmdahl et al., l985a, 1986). 

In mice (Kakimoto et al., 1988) and rats (Brahn and Trentham, 1987) 

passive transfer of collagen type II specific T cell lines can protect 

against subsequent induction of CIA. Antigen specific suppression was 

also obtained by iv (Cremer et al., 1983) or intragastrical (Nagler-Anderson 

et al., 1986; Thompson and Staines, 1985) pretreatment with collagen type 

II. The importance of humoral immunity in this model is apparent from the 

observation that passive transfer of serum can also transfer the arthritis 

(Stuart et al., 1982, 1983; Stuart and Dixon, 1983). Cellular and humoral 

immunity have been shown to synergize in the CIA (Seki et al., 1988). 

Histologically, CIA inflammations are characterized by synovial hyper

plasia, infiltrates of PMN cells and mononuclear cells (MNC), exudation 

of cells in the joint space, marginal erosion, periostitis and destruction 

of the cartilage surface (Trentham et al., 1977). Immunohistologically, T 

cells with the helper phenotype appear early in the infiltrates, whereas 

a moderate increase of T cells with the cytotoxic/suppressor phenotype, B 

cells and plasma cells was seen later in time. Class II positive macrophage

like cells are thought to occur as the result of lymphokine production by 

the activated T cells (Holmdahl et al., 1985b). 

As in rats with AA also humoral as well as cellular sensitivity to 

collagen has been shown (Trentham, 1980), the question was raised whether 

the CIA and the AA model are based on the common feature of immunity to 

collagen type II. By induction of antigen specific suppression by cyclosporin 

this was shown not to be the case (Kaibara et al., 1984). Synergy between 

CIA and AA has been described by Taurog et al. (1985) and DeJoy et al. 

(1988). These investigators described that subarthritogenic doses of anti

collagen IgG and adjuvant sensitized spleen cells together show an enhanced 

capacity to induce arthritis. 

A comparison of the histological appearance of human RA, AIA in rabbits, 

AA in rats and CIA in mice has been made by Doble (1987). This is schemati

cally summarized in.Table 2. Plasma cell infiltration and lymphoid aggre

gates were not found in AA by this author, which is in contradiction with 

the results described above in the AA model. 
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Table 2 

Comparison of the histological features of human RA and four animal models 

RA AlA AA CIA 
(man) (rabbit) (rat) (mouse) 

Plasma cell infiltration + + 

Lymphoid aggregates + + 

PMN cells attacking hyaline 
cartilage + + 

Earliest site of arthritis joint joint tendon articular 
synovium synovium sheath surface 

After Doble, 1987. 

3 . 5 . MRL mice 

MRL mice spontaneously develop arthritis, have IgG and IgM RF (Hang et 

al., 1982), anti-collagen type I and II antibodies (Phadke et al., 1984; 

Tarkowski et al., 1986), anti-DNA antibodies and circulating immune complexes 

(Theofilopoulos and Dixon, 1981). These mice have been developed by Murphy 

and Roths (1978) and were first used as a model for studying SLE by Theofilo

poulos and Dixon (1981). 

Histologically, initially a proliferation of synovial cells is seen, 

followed by infiltrates of lymphocytes, a few plasma cells, histiocytes, 

PMN cells and eosinophils (Pataki and Rordorf-Adam, 1985). Concerning the 

nature of the infiltrate the opinions differ. Some authors find that during 

the progression of the disease exudation and tissue destruction occur without 

the direct participation of inflammatory cells (O'Sullivan et al., 1985). 

In an immunohistochemical study only a few MHC class II expressing cells 

were found and only small numbers of lymphocytes (Tarkowski et al., 1987). 

The histopathology observed in MRL mice is rather different from that in 

human RA. 

3.6. Arthritis by graft versus host reactions 

A chronic progressive arthritis can also occur during graft-versus-host 

reactions in mice due to injection of parental spleen cells into Fl mice 

(Pals et al., 1985). Sjogren like lesions were also observed. The lesions 
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were found to be caused by the donor T cells. Histologically the synovial 

and subsynovial tissues were thickened and infiltrated by lymphocytes and 

plasma cells. In the articular cavities lymphocytes and plasma cells occurred 

together with exudates of fibrin, mononuclear cells and some PMN cells. 

4. INTRODUCTION TO THE EXPERIMENTAL WORK 

In human rheumatic diseases and in the arthritis models in experimental 

animals discussed above, often exacerbations and remissions occur, in 

most cases with an unknown origin. 

In the AlA model in mice it has been shown that the joint inflamma

tions can show exacerbations (flare-up reactions) after repeated adminis

tration of the antigen, either locally or systemically (iv or orally) 

(van Beusekom et al., 1981; van de Putte et al., 1983; Lens et al., 1983, 

1984). In the induction of AlA T cells are thought to play a pivotal role 

(Brackertz et al., 1977a), but it is unclear whether antibodies are also 

involved. In view of the increasing knowledge about the cloning ofT cells, 

it became feasible to investigate the role of T cells separately by making 

use of cloned .T cell populations. Therefore, T cell clones were isolated 

from C57BL/6 (H-2b) mice immunized with methylated bovine serum albumin 

(mBSA). This is an antigen that retains well to cartilage structures (van 

den Berget al., 1984, 1986). The T cell clones isolated were MT4+,Lyt-2-

and thus of the helper phenotype. 

Briefly, the aim of the study described in this thesis was to investigate 

whether the joint inflammations that occur in AlA can also be induced by 

cloned helper T cells and the antigen they recognize, and whether these 

joint inflammations can also show flare-up phenomena after repeated adminis

tration of the antigen. In Chapter 2 it is shown that cloned T cells with 

the helper phenotype can induce delayed type hypersensitivity (DTH) reactions 

and that these reactions can give rise to flare-up reactions after local, 

iv or oral administration of the antigen. We hypothesized that these DTH 

reactions underly the development of joint inflammations in the AlA model, 

and presumably in human rheumatoid diseases. 

In Chapter 3 we present the model of induction of joint inflammation 

by similar cloned T cells. Dose response curves of the antigen and the 

cloned T cells injected into the joints are shown, as are the kinetics of 

the joint inflammations induced. Furthermore we show that it is possible 
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to evoke flare-up reactions of these joint inflammations, but also of 

joint inflammations induced by systemically administered T cells and local 

injection of the antigen. The induction of joint inflammation by the cloned 

T cells was found to be dependent on H-2 restricted interactions with 

recipient cells or tissues. 

In Chapter 4 we show that both the joint inflammation and the flare-

up reactions can be evoked in T cell deficient nude mice as well. Further

more, this paper pays attention to the role of antigen in the retention 

of the cloned T cells in the joint. 

In our model, the induction of an inflammatory reaction is dependent on 

H-2 restricted interactions between T cells and recipient cells and tissues, 

presumably antigen presenting cells. In Chapter 5 the characterization of 

a macrophage cell line, AP284, is described that is able to present antigen 

efficiently in vivo to the cloned helper T cells used in our studies. 

Injection of AP284 and syngeneic cloned helper T cells into the hind foot 

of allogeneic mice induces a full blown DTH reaction. This model, in which 

both the antigen presenting cells and the T cells are monoclonal, is attrac

tive to investigate the cellular interactions in the induction of T cell 

dependent inflammations. Therefore we applied this approach in our studies 

on AlA to investigate whether antigen activated helper T cells and macro

phages are sufficient for the induction of joint inflammation in allogeneic 

recipients. The data presented in Chapter 6 show that this was indeed the 

case. Finally in Chapter 7 we studied in detail the histological and immuno

histochemical characteristics of the inflammations and flare-up reactions 

in our model. 

The data emerging from our studies are discussed in the perspective of 

literature data in Chapter 8. 
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Delayed-type hypersensitivity (DTH) reactions were induced in mice by cloned helper T cells 
directed against methylated bovine serum albumin (mBSA). The DTH reactions were induced 
either by local injection of the helper T cells together with the antigen in the hind feet or by 
intravenous (iv) administration of the cloned T cells and local injection of the antigen. Local or 
systemic (oral or iv) administration of mBSA after waning of the DTH induced by the cloned 
helper T cells caused a flare-up reaction. This indicates that functional helper T cells persist at 
the inflammation site. The inflammations were quantified in a foot swelling assay and were 
examined histologically. The inflammation measured in the flare-up reaction was generally 
lower than in the acute reaction. Histologically the acute inflammation showed edema and a 
large proportion of granulocytes, whereas the flare-up reaction appeared more histiocytic and 
showed less edema. © 1987 Academic Press, Inc. 

INTRODUCTION 

The role ofT cells in diseases such as rheumatoid arthritis, multiple sclerosis, and 
autoimmune thyroiditis has become more and more clear ( 1 ). Several of these dis
eases in which T cells are thought to play an important role show a time course char
acterized by exacerbations and remissions. They show flare-up reactions in which 
local hyperreactivity as a result of the retention ofT cells (2) and/or the retention of 
antigen (3) are thought to be important. 

It has been shown that clones of helper T cells can induce delayed-type hypersensi
tivity (DTH) reactions (4). For the present study we used a helper-T-cell clone di
rected against methylated bovine serum albumin (mBSA). mBSA is an antigen with 
a net positive charge and this protein can be used to induce chronic joint inflamma
tions in mice (5) in a so-called antigen-induced arthritis model. 

The positive charge of the antigen is claimed to be imperative to induce chronicity 
of the joint inflammation in the antigen-induced arthritis model. Because of charge 
interactions, the antigen molecules persist in the cartilage (3). Flare-up reactions of 
these inflammations can be induced by local or systemic administration of the anti
gen only (6, 7). Others have demonstrated flare-up reactions at sites of immunization 
with complete Freund's adjuvant after systemic administration of the antigen (8). 

In this study we induced DTH reactions by means of cloned helper T cells. We 
investigated whether it is possible to induce flare-up reactions of the inflammations 
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evoked by the cloned helper T cells by administration of the antigen only. These 
inflammations were quantified in a foot swelling assay and were examined histo
logically. 

MATERIALS AND METHODS 

Mice. Female C57BL/6J, Bl0.A(4R), and B10.A(5R) mice were purchased from 
OLAC Ltd., Bicester, United Kingdom. Female B10.MBR mice were derived from 
our own stock. Female C57BL/Ka nujnu mice were purchased from the REP Insti
tutes TNO, Rijswijk, The Netherlands. They were used at the ages of2-3 months. 

Cloned helper T cells. A helper-T -cell clone directed against methylated bovine 
serum albumin was generated according to procedures described elsewhere (8). As a 
control clone, an ovalbumin (OVA)-specific helper-T-cell clone was used that was 
described elsewhere (9). They were of C57BL/6J origin. These clones were cultured 
in serum-free medium (IMDM-ATL) containing 1 g/liter BSA, 241.mgjliter human 
transferrin(! Fe-saturated) (both from Hoechst-Behringwerke, Marburg, FRG), and 
50 mg/liter soybean lipids (Astec FLPV obtained from Associated Concentrates, New 
York)(lO). 

Every 5-6 weeks the clones were restimulated with the antigen (5 J.Lgfml mBSA for 
the mBSA-specific clone and 300 J.Lgfml OVA for the OVA-specific clone were opti
mal). Irradiated (3000 R) syngeneic spleen cells were used as a source of antigen
presenting cells. After 3 days, the restimulated T cells were transferred to medium 
containing 600 U/ml recombinant human interleukin-2 (IL-2), which was a kind 
gift of Dr. J. Besemer from Sandoz Ltd., Vienna, Austria. Both clones were of the 
L3T4+Lytr phenotype. 

Induction of DTH and induction of flare-up reactions. DTH was induced in two 
ways: first, by local injection of 3 X 105 cloned helper T cells together with 20 J.Lg 
mBSA or OVA in 50 J.Ll balanced salt solution (BSS) into the dorsa of the hind feet of 
the mice, and second, by intravenous (iv) injection of 1.5 X 106 helper T cells in 0.5 
ml BSS followed by injections of the antigens into the hind feet. mBSA and OVA 
were obtained from Sigma Chemical Company, St. Louis, Missouri. 

Flare-up reactions were induced by local administration of the antigen in 50 J.Ll BSS 
or by systemic (oral or iv) administration of the antigen in 0.5 ml BSS. This was done 
1.5-3 weeks after induction of inflammation. 

Measurement of foot swelling. The thicknesses of the hind feet were measured 24 
and 48 hr after induction of inflammation. In the figures 24-hr values are presented. 
The 48-hr responses were similar to the 24-hr responses, but generally lower. The 
DTH responses are expressed as the specific increase in hind foot thickness and were 
calculated as [(thickness right foot- thickness left foot)/thickness left foot] X 100%. 
The Student t test was used to determine significance of the differences between data 
from different groups of mice. 

Histology. The dorsa of the hind feet ofthe mice were removed and fixed in 10% 
phosphate-buffered Formalin. Standard (5-J.Lm) sections were prepared of paraffin 
wax-embedded material and stained with hematoxylin and eosin. 

RESULTS 

We investigated whether cloned helper T cells specific for mBSA can induce 
DTH reactions and whether it is possible to induce flare-up reactions of these in
flammations. 
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Group Day Injected Route %Specific increase foot thickness 

0 R: 3 X 1 ()5 mBSA + 20 JLQ mBSA local 
L: 3X105mBSA+20JLg0VA 

2 0 R: 20JLgmBSA local 
L: 20JLQ0VA 

1a 12 R: 20JLQmBSA local 
L: 20p.g0VA 

1b 12 300JLQ mBSA i.v. 

1c 12 20mgmBSA oral 

1d 12 

2 12 R: 20JLQ mBSA local 
L: 20JLQ0VA 

0 20 40 60 80 100 120 

FIG. I. DTH reaction and flare-up of DTH in mice by locally injected cloned helper T cells. Group 1 
shows the DTH reactivity by cloned mBSA-specific helper T cells after direct injection into the dorsa of 
the hind feet, together with mBSA or, as a control, OVA. Twelve days after induction of DTH, flare-up 
reactions were induced by local administration of the antigen again (group Ia); iv administration of the 
antigen (group 1 b); oral administration of the antigen (group 1 c); or without readministration of the antigen 
(group !d). As a control, foot swelling was measured 24 hr after injection ofthe antigen only (group 2). 
These mice also were rechallenged on Day 12. DTH responses are expressed as the specific increase in hind 
foot thickness (mean ± SEM; n = 6). 

Group 1 (Fig. 1) shows the response measured 24 hr after injection of 3 X 105 

mBSA-specific cloned helper T cells into the right hind foot together with 20 p.g 
mBSA. As a control similar helper T cells were injected together with the non-cross
reacting antigen OVA into the left hind foot of the same mice. 

Local reinjection ofmBSA 12 days later caused a flare-up reaction (Fig. 1, group 
1a). For comparison, group 1d in Fig. 1 shows the response measured 12 days after a 
single injection of mBSA-specific helper T cells and mBSA. These inflammations 
were not caused by injection of the antigen only as appears from group 2 in Fig. 1. 

We also tried to induce flare-up reactions ofDTH by systemic (iv and oral), instead 
of local, administration of the antigen. Groups 1 b and 1 c (Fig. 1) show that it is 
possible to induce a small, but significant flare-up response by systemic administra
tion of the antigen (both P < 0.05 compared with the response measured after a single 
injection of the antigen (group 1d)). 

DTH reactions could also be induced by iv injection of cloned mBSA-specific 
helper T cells and local injection of the antigen. Group 1 (Fig. 2) shows the specific 
increase in foot thickness after iv injection of 1.5 X 106 cloned helper T cells and local 
injection of the antigen. When the mice were challenged 3 weeks later by another 
local injection of the same antigen, a flare-up reaction was found (Fig. 2, group 1a). 

The induction ofDTH by the cloned mBSA-specific T cells was H-2 1-A b-restricted 
and a DTH reaction could also be induced in thymusless C57BL/6 nude mice 
(Fig. 3). The 1-E haplotype of the mice is not shown in Fig. 3 as 1-Eb is never ex
pressed (11 ). 

The DTH infiltrates induced by injection of cloned mBSA-specific T cells together 
with mBSA were examined histologically 24 hr after induction of DTH and 24 hr 
after induction of flare-up reactions by local rechallenge with the antigen. 
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Group Day Injected l.v. Injected In foot %Specific increase foot thickness 

0 1.5 X 106 mBSA clone R: 601'9 mBSA 

1a 21 

1b 21 

L: 60Jlg0VA 

R: 601'9 mBSA 
L: 60Jlg0VA 

0 20 40 60 

FIG. 2. DTH reaction and flare-up ofDTH in mice by iv injected cloned helper T cells. DTH reactions 
were induced by iv injection of cloned mESA-specific helper T cells and, immediately thereafter, a sc 
injection ofmBSA or, as a control, OVA into the dorsa of the hind feet. Group I was divided into subgroups 
I a and I b; I a was rechallenged with the same antigens 21 days later and I b was not. DTH responses are 
expressed as the specific increase in hind foot thickness (mean ± SEM; n = 6). 

Twenty-four hours after induction of DTH an infiltrate was observed that largely 
consisted of granulocytes: Mononuclear cells occurred scattered in the infiltrate. The 
papillary dermis was swollen by edema (Fig. 4a). In the left foot, into which 3 X 105 

mBSA-specific helper T cells were injected together with the irrelevant antigen, OVA, 
almost no infiltrate was observed (Fig. 4b). 

The infiltrate that was seen in the right hind foot 24 hr after induction of a flare
up reaction appeared different from the acute reaction as it was largely composed of 
histiocytes, while the proportion of granulocytes was considerably less compared to 
the acute reaction. In addition, during the flare-up reaction the edema was less promi
nent (Fig. 4c). The left (control) hind feet ofthe same mice showed a small infiltrate 
mainly composed of granulocytes and some edema (Fig. 4d). 

H·2 
Mouse strain % Specific increase foot thickness 

K I· A D 

C57BL/6 +!+ b b b 

B10.A(4R) k k b f--j 

B10.A(5R) b b d 

B10.MBR b k q f-i 

C57BL/Ka nu/nu b b b 

C57BL/6 +!+ b b b 

0 20 40 60 so 100 

FIG. 3. H-2 !-restricted recognition of mBSA (upper part) and functional activity in athymic nude mice 
(lower part) by the cloned helper T cells used. The upper part shows the DTH reactivity by 3 X 105 mESA
specific helper T cells after direct injection into the dorsum of the right hind feet of various H-2 congenic 
mouse strains together with 20 JLg mBSA. As a control 3 X I 05 OVA-specific helper T cells were injected 
into the left hind feet of the same mice together with 20 JLg mBSA. DTH responses are expressed as the 
specific increase in foot thickness (mean ± SEM; n = 6). The lower part shows the DTH reactivity by 1.5 
X I 05 mESA-specific helper T cells after direct injection into the dorsum of the right hind feet of C57BL 
+!+or nu/nu mice together with 20 JLg mBSA. As a control 1.5 X 105 OVA-specific helper T cells were 
injected into the left hind feet of the same mice together with 20 !Lg mBSA. DTH responses are expressed 
as the specific increase in hind foot thickness (mean± SEM; n = 6). 
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FIG. 4. (a) DTH infiltrate 24 hr after induction of the inflammation by local injection of3 X 105 mESA
specific helper T cells and 20 !Lg mBSA into the right hind foot of a mouse (HE, 60X). The inset shows 
detail (240X). (b) A left (control) hind foot 24 hr after injection of 3 X 105 mESA-specific helper T cells 
and 20 !Lg OVA (HE, 60X). (c) The flared inflammation of a is shown 24 hr after local rechallenge with 20 
!Lg mESA (HE, 60X). The inset shows detail (240X). (d) The left (control) hind foot after local rechallenge 
ofb with 20 !Lg OVA (HE, 60X). 
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DISCUSSION 

The present study shows that it is possible to provoke a flare-up of a DTH reaction 
initially induced by cloned helper T cells. A flare-up reaction can be induced by a 
second local administration of antigen. Figure 1 shows that this flare-up was not 
caused by the antigen injection per se. A control group of mice that was not injected 
with helper T cells, but whose hind feet were injected twice with the antigens only 
(right: mBSA; left: OVA), did not show foot swelling. Furthermore, the data show that 
such flare-up reactions can also be induced by systemic (oral or iv) administration of 
the antigen. In the antigen-induced arthritis model, mice are immunized with the 
mBSA antigen in complete Freund's adjuvant. Several weeks later they are chal
lenged with mBSA in a knee joint. This causes joint inflammation. In this model it 
was shown to be possible to induce flare-up reactions, after waning of the inflamma
tion, by local injection of small amounts of mBSA or by oral or iv administration of 
the antigen. 

Histologically, the acute inflammation measured in our model was characterized 
by granulocytes and edema, although mononuclear cells also occurred. The flare-up 
reaction, however, was more histiocytic and showed less edema. 

So far we cannot induce a DTH reaction by local injection of cloned helper T cells 
and a single systemic administration of the antigen immediately thereafter. Maybe it 
is not possible to reach the high local levels of antigen necessary for the induction of 
DTH by systemic administration of antigen. 

The induction ofDTH by iv injection of the cloned helper T cells depends heavily 
on the migratory capacities ofthe cloned T cells themselves as the experiments with 
nude mice (Fig. 3) indicate that host T cells are not involved. Restimulation of the 
clone with the antigen some days before the iv administration did not enhance subse
quent DTH responses. After local injection ofthe restimulated T cells, a weaker foot 
swelling was measured as compared to nonrestimulated T cells. In those cases where 
foot swelling did occur after iv administration of the cloned T cells together with a 
local injection of the antigen, less foot swelling was measured when the antigen was 
administered 1, 2, or 3 days after iv infusion of the cloned T cells (data not shown). 
Problems encountered in in vivo migration of cloned T cells were already described 
by others (12, 13). The T-cell clones used by us were negative for the monoclonal 
MEL-14, which is specific for the lymphocyte homing receptor ( 14 ), also after restim
ulation (data not shown). 

The question arises whether the capacity to mediate a flare-up reaction and, thus, 
the persistence of the cloned T cells depend on the continued presence of the relevant 
antigen. In our experiments, the flare-up reactions induced by systemic administra
tion of antigen indicate that locally injected T cells persist at the injection site and do 
not or hardly at all migrate to other sites. This can be deduced from the observation 
that systemic administration of the antigen did not cause flare-up reactions in the left 
hind feet of mice from which both hind feet were injected with the same clone of 
helper T cells, but whose right hind feet were injected with the homologous antigen 
and whose left hind feet were injected with a non-cross-reacting antigen. This is con
sistent with studies on the antigen-induced arthritis model in mice in which it was 
shown that the positive charge of the antigen mBSA is essential for chronicity of the 
joint inflammations and for the possibility to induce flare-up reactions (3). Such stud
ies have shown that the antigen attaches to the negatively charged cartilage structures. 
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Because of this is thought that the antigen-specific T cells persist at the site of antigen 
deposition. 

However, preliminary and contradictory results show that when the mESA-specific 
cloned helper T cells are injected locally into a hind foot without the antigen, it was 
also possible to induce an inflammation by local injection of the antigen several days 
later. We are currently investigating whether the induction of an inflammation and 
the presence of the specific antigen are obligatory for the retention of cloned helper 
T cells. 

T cells are thought to play an important role in the etiology and pathogenesis of 
various autoimmune diseases such as rheumatoid arthritis. Flare-up reactions by spe
cifically sensitized helper T cells as shown in this report might play an important role 
in the exacerbations of such diseases. Our current studies are aimed at investigating 
this by using T -cell clones in an arthritis model in the mouse. 
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ABSTRACT 

Joint inflammations were induced in mice by cloned MT4+,Lyt-2- T cells 

specific for methylated bovine serum albumin (mBSA). This was done either 

by intra-articular (ia) or by intravenous (iv) administration of the cloned 

T cells, together with local injection of the antigen. Local rechallenge 

with mBSA several weeks after waning of the joint inflammation caused a 

flare-up reaction. The inflammations were quantified by a 99mTechnetium 

(Tc)-uptake method and examined histologically. The arthritis induced by 

the cloned T cells showed aspects of a delayed type hypersensitivity reaction 

characterized by an intense infiltrate which resembles the inflammation 

in the human rheumatoid joint. 

The data presented show that joint inflammations can be induced by T 

cells only and that after waning, reexposition to the original antigen 

can induce a flare-up reaction. The data suggest a central role of T cells 

in the induction and the exacerbations observed in rheumatoid arthritis. 
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INTRODUCTION 

Rheumatoid arthritis shares several characteristics with delayed type 

hypersensitivity (DTH) reactions (1). As clones of helper T cells can 

induce DTH reactions in mice (2) we tested whether our T cell clones were 

also able to induce joint inflammations. Therefore we used a T cell clone 

directed against methylated bovine serum albumin (rnBSA). 

The antigen rnBSA has been used before in the antigen induced arthritis 

(AlA) model in mice (3,4). The AIA is a model system for human rheumatoid 

arthritis and was first described in 1962 by Dumonde and Glynn in rabbits 

(5). To induce AlA it is necessary to immunize the animals with antigen 

emulsified in complete Freund's adjuvant. When 2 or 3 weeks later the antigen 

is injected directly into the knee joint of the sensitised animal, an 

inflammation occurs which resembles the inflammation in the human rheuma

toid joint (6,7,8). 

rnBSA, which has a positive net charge because of the methylation, is a 

suitable antigen in this model. This antigen is retained in the cartilage 

structures, which have a negative charge. The retention of the antigen in 

the joint is thought to be important for chronicity of the inflammation 

(9). In transfer studies it was demonstrated that the development of a 

chronic AlA is T cell dependent (10). 

In the AlA model it has been shown that flare-up reactions can be induced 

after waning of the inflammation. This is achieved by reinjection of the 

antigen in the knee joint, but also by intravenous (iv) or oral readrninistra

tion of the antigen (11,12). 

We have previously shown that it is possible to induce flare-up of a 

waned DTH reaction that had been induced by mBSA specific cloned T cells, 

as was determined in a foot swelling assay (13). After having established 

that the cloned T cells can induce joint inflammations in mice, we inves

tigated whether such reactions, after waning, can show flare-up phenomena 

after injection of the antigen only. This paper describes the characteris

tics of such flare-up reactions. 
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MATERIALS AND METHODS 

Mice 

C57BL/6J mice were purchased from OLAC Ltd., Bicester, UK., or from 

Bomholtgard, Ry, Denmark. Bl0.A(4R) and Bl0.A(5R) mice were also purchased 

from OLAC. C57BL/6J nujnu mice were purchased from Bomholtgard. BlO.MBR mice 

were bred in our own department. In all experiments female mice were used 

at the age of 2-3 months. 

Cloned MT4+.Lyt-2- T cells 

AT cell clone directed against mBSA was made. As a control clone an oval

bumin (OVA) specific T cell clone (OVA-7) was used. The procedures for 

the generation of T cell clones and some characteristics of the OVA specific 

T cell clone have been described elsewhere (14). The clones were of C57BL/6J 

origin and were cultured in serum-free medium (IMDM-ATL) containing 1 g/1 

BSA, 241 mg/1 human transferrin (1/3 Fe saturated) (both from Hoechst-Beh

ringwerke, Marburg, F.R.G.) and 50 mg/1 soybean lipids.(Astec FLPV obtained 

from Associated Concentrates, New York, U.S.A.) (15). Every 5-6 weeks the 

clones were restimulated with the antigens (5 ~g/ml mBSA was optimal for 

the mBSA specific clone, 300 ~g/ml OVA for the OVA specific clone). Irra

diated (3000 Rontgen) syngeneic spleen cells were used as a source of 

antigen presenting cells. After three days the stimulated T cells were 

transferred to medium containing 600 Ujml recombinant human Interleukin 2 

(IL-2), which was a kind gift of Dr. J. Besemer from Sandoz Ltd., Vienna, 

Austria. Both the clones were of the MT4+,Lyt-2- phenotype. 

The cloned T cells were ·transferred to fresh culture medium in a one 

to ten dilution two times a week. Before they were injected in vivo they 

were refreshed at least three times. The irradiated antigen presenting 

cells died in the first week after restimulation and the adherent cells 

were not transferred to the fresh cultures. This means that virtually no 

antigen presenting cells and antigen were present in the inoculum used 

for in vivo injection. 

Induction of arthritis and induction of flare-up reactions 

Arthritis was induced in knee joints in several ways. (a) By injection 

of cloned T cells together with the antigen mBSA or OVA in 10 ~1 balanced 

salt solution (BSS) into a knee joint. (b) By injection of a dose of mBSA 
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or OVA in 6 ~1 BSS, 0.5 to 1 hour later followed by intra-articular (ia) 

injection of the cloned T cells into the same joint. (c) By iv injection 

of the cloned T cells in 0.5 ml BSS, directly followed by ia injection of 

the mBSA or OVA. Flare-up reactions were induced by local administration 

of the homologous antigen 1.5-3 weeks after the joint inflammation was 

induced. Primary arthritis could also be induced by injection of cloned 

OVA specific T cells together with the antigen OVA (data not shown). Signi

ficance of the difference between various experimental groups was determined 

by the Student's t test. 

99mTc-uptake measurements 

Measurement and quantitation of joint swelling caused by joint inflam

mation of the right knee was performed by the 99mTc-uptake method. This 

method has been described in detail elsewhere (16). Briefly 20 ~Ci (0.74 

MBq) 99mTechnetium-pertechnetate was injected subcutanously (sc). Forty 

minutes later the uptake by the knee joints was measered by external gamma 

counting. The animals were sedated 10 minutes before starting the measure

ments. The uptake of both knee joints was measured three times with a 

duration of ten seconds. The severity of the inflammatory swelling in the 

right knee was expressed as the specific increase of 99mTc- uptake and 

was calculated as [(uptake right knee - uptake left knee)juptake left 

knee] x 100%. 24 and 48 hrs after induction the inflammations were measured. 

In the figures 24 hour values, designated as specific increase of knee 

thickness, are presented unless indicated otherwise. 

The correlation between the 99mTc-uptake and the histological joint in

flammation scores is examined by Lens et al. (17). In our experiments an 

increased 99mTc-uptake was always caused by a perceptible joint inflammation 

upon histological examination. 

Histology 

Both hind knee joints of the same mouse were removed in toto, fixed in 

10% phosphate-buffered formalin and decalcified in 5% formic acid. Standard 

frontal sections (6 ~m) were prepared of paraffin-wax embedded knee joints 

and stained with hematoxylin and eosin. 
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RESULTS 

Induction of joint inflammations by a MT4+.Lyt2- T cell clone 

We firstly examined the joint inflammations induced by local injection 

of cloned T cells and the relevant antigen. To determine the best condi

tions for induction of joint inflammation we defined the optimal antigen 

dose. As we were afraid that high doses of the cationic antigen might 

affect the functional activity of the cells, we compared the joint inflamma

tions induced by injection of a mixture of cloned T cells and the antigen, 

and by separate injection of the cloned T cells and the antigen. Fig. 1 

shows the inflammation measured 24 hours after injection of 3 x 105 mBSA 

specific cloned T cells into the right knee joint and 3 x 105 OVA specific 

cloned T cells into the left knee joint of the mice. The upper two bars 

show the responses measured when the T cells were injected together with 

the antigens, while the next four bars show a dose response curve of the 

antigen when the antigen was injected 0.5-1 hour before the injection of 

the cloned T cells. It can be concluded that an antigen dose of 60 ~g 

mBSA injected separately from the T cells is optimal for induction of a 

joint inflammation by the cloned T cells used. The lowest bar shows the 

mBSA dose (l'g/knee) Antigen and T cells 
injected 

20 Together 

6 Together 

200 Apart 

60 Apart 

20 Apart 

6 Apart 

R: 3 X 1 OS mBSA clone 
L: BSS 

-10 

% Specific increase knee thickness 

0 20 40 60 

~· Influence of mBSA dose on the induction of joint inflammation by 
mBSA specific cloned T cells. Joint inflammations were induced by injection 
of 3 x 105 mBSA specific cloned T cells into the right knee joint and 3 x 
105 OVA specific T cells into the left knee joint together with mBSA, or 
by injection of different mBSA doses followed by injection of the cloned 
T cells 0.5-1 hr later. The lowest bar shows the 99mTc-uptake measured 24 
hours after injection of 3 x 105 mBSA specific cloned helper T cells into 
the right knee joint and BSS into the left knee joint. 

The responses are expressed as specific increase in knee thickness (mean 
± SEM). Data of the upper six bars represent the mean of three experiments 
each involving 5 or 6 mice. The lowest bar represents one experiment in
volving 5 mice. 
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Cell number % Specific increase knee thickness 
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3X105 

3X104 

104 ~ 
0 20 40 

Fig. 2. Joint inflammation inducing capacity of different numbers of mBSA 
specific cloned T cells. A dose of 60 pg mBSA was injected into the right 
and the left knee joint, 0.5-1 hr later followed by different numbers of 
cloned T cells. mBSA specific cloned T cells were injected into the right 
knee joint, while OVA specific T cells were injected into the left knee 
joint. The responses are expressed as specific increase in knee thickness 
(mean± SEM; n=6). 

99mTc-uptake measured 24 hours after injection of 3 x 105 mBSA specific 

cloned helper T cells into the right knee joint and BSS into the left 

knee joint. 

In Fig. 2 a dose-response curve is shown of the joint inflammation 

inducing capacity of different numbers of cloned T cells. This was measured 

24 hours after injection of mBSA specific cloned T cells into the right 

knee joint and OVA specific cloned T cells into the left knee joint. 60 

pg of mBSA was injected in both knee joints 0.5-l hr before the cloned T 

cells were injected. Fig. 2 shows a plateau in severity of joint inflammation 

at lOS cloned T cells per knee joint. 

The recognition of mBSA by the cloned T cells in the knee joint is 

subject to H-2I restriction. This was apparent from experiments involving 

the injection of 3 x lOS mBSA specific cloned T cells in the right as well 

as into the left hind knee joint of mice that had shortly before been 

injected with 60 pg mBSA into the right knee joint and with 60 pg of te 

non-crossreacting antigen OVA into the left knee joint. Fig. 3 shows that 

the joint inflammation was the most severe in C57BL and BlO.A(SR) mice, 

which express H-2-IAb antigens. In Fig. 3 the I-E haplotype is not mentioned 

as H-2I-Eb is not expressed (18). The lower line of Fig. 3 shows that part 

of the inflammation measured is caused by injection of the antigens only. 
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Mouse strain 

C57BL/6 +/+ 

B10.A(4R) 

B10.A(5R) 

B10.MBR 

C57BL/Ka nu/nu 

C57BL/6 +!+ 

H·2 
---- Injected in knee 
K I·A D 

b b b R:3X105mBSAclone+S0,.9mBSA 
L: 3X10s mBSAclone + 60 1'9 OVA 

idem 

b b idem 

b q idem 

b b idem 

b b b R: 60 1'9 mBSA 
L: 60 1'9 OVA 

%Specific increase in knee thickness 

10 20 30 40 50 

~- H-2 restriction of the induction of joint inflammation by cloned 
T cells and induction of joint inflammation in nude mice. 60 ~g of mBSA 
was injected into the right knee joint and 60 ~g of OVA into the left 
knee joint of the mice. This was followed by local injection of 3 x 105 

mBSA specific cloned T cells. A control group received the antigens only. 
The responses are expressed as specific increase in knee thickness (mean 
± SEM; n=6). 

Fig. 3 also shows that the cloned MT4+,Lyt2- T cells can mediate a joint 

inflammation in H-2 compatible thymusless nude mice, indicating that T 

cells of the recipient mice are not necessary for induction of joint in

flammation. 

Induction of flare-up reactions of joint inflammation 

In the antigen induced arthritis model it is possible to induce flare-

up reactions of waned joint inflammations by local or systemic rechallenge 

with the homologous antigen (10,11). We examined whether waned joint inflam

mations that had been induced by cloned T cells can also flare-up. Therefore 

we rechallenged the mice with various doses of mBSA 13 days after induction 

of a joint inflammation by local injections of 60 ~g mBSA and 3 x 105 

mBSA specific cloned T cells. Fig. 4 shows that local rechallenge with 60 

~g of mBSA induces the highest flare-up reaction. The lowest bar in the 

figure shows the response measured when no antigen was administered again. 

This represents the chronic, smouldering phase of the joint inflammation. 

60 



Group Day Injected in knee % Specific increase knee thickness 

0 R: 3 x 1 as mBSA clone+ 60 1'9 mBSA 
L: 3X 105 OVA clone+ 60 1'9 mBSA 

1a 13 Rand L: 200 1'9 mBSA 

1b 13 Rand L: 60 1'9 mBSA 

1c 13 Rand L: 20 1'9 mBSA 

1d 13 Rand L: - ~ 
0 20 40 

Fig. 4. Influence of the mBSA dose on the induction of a flare-up reaction. 
On day 0 a joint inflammation was induced in group 1 by injection of 60 
~g mBSA into the right and the left knee joint, 0.5-1 hr later followed 
by injection of 3 x 105 mBSA specific cloned T cells into the right knee 
joint and 3 x 105 OVA specific T cells into the left knee joint. On day 
13 group 1 was split into 4 subgroups (la-d) of which groups la, lb and 
lc were rechallenged with different doses of the mBSA. Group ld was not 
rechallenged. The responses are expressed as specific increase in knee 
thickness (mean± SEM; n-6). 

Subsequently we investigated the time course of the joint inflammation 

induced by mBSA specific cloned T cells and of the flare-up reaction of 

such a joint inflammation. We therefore injected 60 ~g of mBSA into the 

right knee joint of the mice and 60 ~g of OVA into the left knee joints, 

followed by injection of 3 x 105 mBSA specific cloned T cells into both 

knee joints. The time course of the induced joint inflammation is shown 

in Fig. 5. As a control we studied a group of mice that was injected with 

the antigens only, and not with the cloned T cells. On day 14 half of 

both groups of mice were rechallenged with the homologous antigens. As 

can be concluded from Fig. 5, only the mice that had received the cloned 

T cells on day 0 showed a flare-up reaction in their right knee joint. As 

the control group did not show an inflammatory reaction after local re

challenge there is no evidence for a contribution of sensibilisation of 

the recipient mice in the flare-up reaction measured. 

Fig. 6 shows that a joint inflammation can also be induced by systemic 

administration of the cloned T cells. 1.5 x 106 mBSA specific cloned T 

cells were injected iv, while 60 ~g mBSA was injected locally into the 

right knee joint and 60 ~g of OVA into the left knee joint. 24 Hours later 
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L: 60 1'9 OVA 

16 20 
t 

Induction 
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24 day 

~- Kinetics of the joint inflammation and the flare-up reaction mediated 
by cloned T cells. On day 0 a joint inflammation was induced as described 
in Fig. 3. A control group received the antigens only. On day 14 both 
groups were split into two subgroups of which one subgroup was rechallenged 
by injection of 60 ~g mBSA into the right knee joint and 60 ~g OVA into 
the left knee joint. The other group was not rechallenged. The responses 
are expressed as specific increase in knee thickness (mean± SEM; n=6). 

a joint inflammation was measured. Three weeks later half of this group 

of mice were rechallenged by local reinjection of the homologous antigens. 

This caused a flareup reaction. The lowest bar in Fig. 6 shows the inflamma

tion that was measured three weeks after induction of the joint inflammation, 

and thus represents the chronic phase of the inflammation. 
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Group Day Injected i.v. Injected in knee 

0 1.5 X 1 os mBSA clone R: 60 1'9 mBSA 

1a 21 

1b 21 

l: 601'9 OVA 

R: 601'9 mBSA 
l: 601190VA 

R: -
L:-

% Specific increase knee thickness 

0 20 40 60 

~- Flare-up reaction of a joint inflammation induced by iv injection 
of cloned T cells. On day 0 a joint inflammation was induced in group 1 
by iv injection of 1.5 x 106 mBSA specific cloned T cells and injection 
of 60 ~g mBSA into the right knee joint and 60 ~g OVA into the left knee 
joint. 21 Days later group 1 was split into the subgroup la and lb, of 
which subgroup la was rechallenged with 60 ~g of the homologous antigens 
(right: 60 ~g mBSA, left: 60 ~g OVA) and subgroup lb was not rechallenged. 
The responses are expressed as specific increase in knee thickness (mean 
± SEM; group 1: n=l2; subgroup la: n-4; subgroup lb: n=3). 

Histological examination of the joint inflammations and their flare-up 

reactions 

The joints of the mice used for Fig. 6 were examined histologically. In 

the right knee 24 hours after induction of the inflammation an infiltrate 

was observed that largely consisted of granulocytes with small numbers of 

lymphocytes and macrophages. In the left knee of the same mice - in which 

the irrelevant antigen OVA was injected - only a small infiltrate was 

seen with some edema and few granulocytes. The infiltrate found during 

the flare-up reaction was comparable to the one seen 24 hours after the 

induction of the inflammation (Fig. 7). However in some flare-up experiments 

we saw a larger percentage of mononuclear cells in combination with fibrosis, 

likely as a result of the smouldering inflammation which was still present 

before the flare-up reaction was induced. In the control group where no 

flare-up reaction was induced, foci of inflammation were present and a 

higher percentage of monocytes along with some granulocytes. Pannus forma

tion and cartilage destruction were not generally observed. 
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~- (a) Histology of the arthritic inflammation 24 hrs after induction 
by iv injection of 1.5 x 106 mBSA specific cloned T cells and injection 
of 60 ~g mBSA into the right knee joint (HE; 5.4x). (b) Flared arthritis 
24 hrs after local rechallenge with 60 ~g mBSA (HE; 14x).(c) Detail of 
(b) which shows the polymorphonuclear infiltrate (HE; 54x). Pis patella, 
F is femur, js is joint space. 

DISCUSSION 

The data presented here show that a joint inflammation can be induced 

in mice by cloned T cells with the MT4+,Lyt-2- phenotype. We were able to 

induce these inflammations by intra-articular injection of the T cells in 

joints in which the antigen had already been injected, but also by iv 

injection of the T cells in combination with intra-articular injection of 

the antigen (Fig. 6). The latter method is of course less artificial and 

therefore a better model for joint inflammation. 

It is clear that the induction of joint inflammation by iv injection 

of cloned T cells heavily depends on the migratory capacities of these T 

cells, as cloned T cells tend to be retained in the lungs and the liver 

(19). Restimulation of the rnBSA specific T cell clone with mBSA did not 
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enhance inflammatory responses after local or systemic administration, as 

determined in a foot swelling assay (data not shown). 

The joint inflammations could also be induced in H-2 compatible athymic 

nude mice (Fig. 3), which indicates that T cells of the recipient mice are 

not necessary for the joint inflammation. The joint inflammation induced 

by the cloned T cells was highest in mice expressing H-21-Ab antigens. 

The H-2 restriction was not absolute, since in mice with another H-21-A 

haplotype also a joint inflammation was found, though weaker than in H-21-Ab 

recipient mice. Part of this inflammation is caused by the injection of 

the antigens only, possibly because mBSA tends to cause damage when injected 

in high concentrations. 

The inflammation induced by the cloned mBSA specific MT4+,Lyt-2- T cells 

is of a chronic nature. As in the AlA model, severe inflammation lasts 

several days (Fig. 5). Although the inflammation wanes within 7 days as 

was determined in 99mTc-uptake measurements, a low grade chronic infiltrate 

can be seen histologically at day 21 and flare-up reactions can be induced 

by local rechallenge with the antigen only. This flare-up reaction cannot 

be attributed to an immunization effect, because two intra-articular injec

tions of 60 ~g mBSA two weeks apart led to a minor specific Tc uptake, in

dicating a negligible inflammation. This was confirmed histologically. 

The dose of mBSA required for inducing a flare-up reactidn is relatively 

high. This is in contrast to the AlA model where intra-articular injection 

of nanogram amounts is sufficient to induce a flare-up of the inflammation. 

This discrepancy might be due to the immunization of the mice in the AlA 

model or to the fact that the T cell clone used needs a rather high antigen 

dose for optimal functional activity. 

In the AlA model flare-up reactions can also be induced by administration 

of the antigen systemically, namely iv or orally. We are currently in

vestigating whether this is also possible in our model. 

Up to now we did not succeed in inducing a joint inflammation by local 

injection of the naive mice with cloned T cells and a single systemic 

administration of the antigen directly thereafter. Maybe it is not possible 

to reach local levels of antigen that are high enough for the induction 

of joint inflammation by systemic administration of antigen. 

mBSA has been extensively used in AlA studies in which mice are severely 

immunized with the antigen and the inflammation is induced by local injec

tion of the antigen into the joint. mBSA is an appropriate antigen for 
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such studies because it is retained in the cartilage structures because 

of charge interactions (9). It is thought that because of this the antigen 

specific T cells persist at the site of antigen deposition. However, pre

liminary and contradictory results show that when the mBSA specific cloned 

T cells are injected intra-articularly without the antigen it is also 

possible to induce an inflammation by local injection of the antigen several 

days later. Experiments are in progress to investigate whether the induction 

of an inflammation and the presence of the specific cationic antigen are 

obligatory for the retention ofT cells. 

Histologically a substantial inflammatory reaction was seen in the joints 

of mice injected with the cloned mBSA specific T cells and mBSA. This was 

the case after local as well as after iv injection of the cloned T cells. 

These infiltrates were mainly composed of granulocytes and could not be 

discriminated from the inflammations induced in the AlA model. The pre

dominantly granulocytic nature of T cell dependent inflammatory reactions 

is characteristic for Jones-Mote type DTH reactions in mice (14). At 2-3 

weeks after induction of the joint inflammation, a more monocytic infiltrate 

in combination with fibrosis was observed in some cases, which indicates 

a more chronic type of inflammation. When such mice were rechallenged, 

again a granulocytic infiltrate was observed, in some cases in combination 

with a larger percentage of monocytes and fibrosis, likely the result of 

the smouldering inflammation, which was still present before the flare-up 

reaction was induced. This was comparable with the flare-up reactions of 

DTH inflammations induced by cloned T cells (13). 

The inflammations in the AlA model (12) and the rheumatoid joint (1) both 

show aspects of a DTH reaction. In the mouse AlA model, flare-up reactions 

can be induced analogous to the exacerbations seen in human rheumatoid 

arthritis. The data presented here show that similar joint inflammations 

and flare-up reactions can be induced by cloned T cells with the MT4+,Lyt-2-

phenotype. These observations support the notion (20,21) that autoimmunities 

like rheumatoid arthritis might well be caused by T cells only. 
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ABSTRACT 

Joint inflammation was induced in C57BL/6 mice by injection of cloned 

MT4+,Lyt-2- T cells specific for the antigen methylated bovine serum albumin 

(mBSA) together with mBSA. In this model flare-up reactions can be induced 

by a rechallenge with the specific antigen after waning of the inflammation. 

In this paper we show that such flare-up reactions can still be induced 

several weeks after waning of the joint inflammation. This was found for 

both normal C57BL/6 mice and athymic C57BL nude mice. The latter indicates 

that T cells of the recipient mice are not necessary for the elicitation 

of flare-up reactions. The inflammatory infiltrates in the knee joints of 

the nude mice were histologically examined. The infiltrates appeared to 

be mainly granulocytic in nature. 

The cloned T cells were found to persist and to remain functionally 

reactive in the knee joint for at least two weeks in the absence of the 

antigen and thus in the absence of an inflammation. In view of the similari

ties between joint inflammations induced in mice by this MT4+,Lyt-2- T 

cell clone and human reumatoid arthritis these data may well be relevant 

for understanding the processes involved in the latter disease. 
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INTRODUCTION 

In the antigen induced arthritis (AlA) model animals are immunized 

with a suitable soluble antigen in Complete Freund's Adjuvant and 

intra-articularly (ia) challenged with the same antigen several weeks 

later. Subsequently the animals may develop an arthritis. This model for 

human rheumatoid arthritis was first described in rabbits (1). When mice 

are immunized with positively charged antigens, e.g. methylated bovine 

serum albumin (mBSA), a chronic arthritis may develop. It has been shown 

that the electrical charge of the antigen is important for the induction 

of a chronic arthritis (2-5). Positively charged antigens are retained in 

the cartilage structures most likely as a result of charge interactions 

to the negatively charged cartilage structures (2). These cationic antigens 

can also induce good T cell responses (5). Joint inflammations induced by 

positively charged antigens have been shown to exhibit flare-up reactions 

when the animals are rechallenged with the antigen. Such flare-up reac

tions were found after local as well as after systemic (intravenous or 

oral) administration of the antigen (6,7). The general idea is that the 

antigen reactive T cells remain in the synovia as the antigen persists 

there. 

The antigen induced arthritis is T cell dependent as was shown in transfer 

experiments (8), and by the lack of arthritis induction in athymic nujnu 

mice (9). As it was already known that T cells with the helper phenotype 

can induce delayed type hypersensitivity (DTH) reactions (10), we investi

gated the role of such T cells in this T cell dependent animal model for 

human rheumatoid arthritis. 

We have previously shown that it is possible to induce arthritis in mice 

by local or intravenous injection of cloned mBSA specific T cells with the 

MT4+,Lyt-2- phenotype and local injection of mBSA (11,12). The induction 

of joint inflammation by these T cells was H-21-A restricted and indepen

dent of T cells of the recipient mice as the joint inflammation could 

also be induced in athymic nude mice (12). This suggests a central role 

for T cells in the inflammations and exacerbations of human rheumatoid 

arthritis. In the present study we examined some prerequisites for the 

induction of flare-up reactions of joint inflammations evoked by injec

tion of mBSA-specific cloned T cells with the MT4+,Lyt-2- phenotype and 

the antigen. 

71 



MATERIALS AND METHODS 

Mice 

C57BL/6J mice were purchased from Olac, Bicester, U.K. and Bomholtgard, 

Ry, Denmark. C57BL/6J nu/nu mice were purchased from Bomholtgard. In all 

experiments female mice were used at the age of 2 to 3 months. 

Cloned MT4+.Lyt-2-T cells 

A T cell clone derived from C57BLj6J origin was used. The production and 

culture conditions optimal for the cloned T cells have been described 

previously (12,13). The mBSA specific cloned T cells were restimulated 

with the antigen mBSA every 5 to 6 weeks (5 ~g/ml was optimal; mBSA was 

purchased from Sigma Chemical Company, St. Louis, Missouri, USA) using 

irradiated (30 Gy) syngeneic spleen cells as a source of antigen presenting 

cells. After 3 days the cells were transferred to medium containing 600 

U/ml recombinant human interleukin 2, which was a kind gift of Dr. J. 

Besemer from Sandoz Ltd., Vienna, Austria. The cloned T cells were trans

ferred to fresh culture medium in a 1 to 10 dilution twice a week. This 

was done at least three times after restimulation before the cloned T 

cells were injected in vivo. The inoculum used did contain virtually no 

antigen presenting cells as the irradiated cells died in the first week 

after restimulation and the adherent cells were not transferred to the 

fresh culture medium. 

Induction of joint inflammations and flare up reactions 

Joint inflammation was induced by local injection of mBSA into the right 

knee joint and ovalbumin (OVA) into the left knee joint in 6 ~1 balanced 

salt solution (BSS), 0.5-1 hr later followed by local injection of the 

cloned mBSA specific T cells in 10 ~1 BSS, unless indicated otherwise. 

Flare-up reactions were induced by a second administration of the antigens 

in 10 ~1 BSS into the right and the left knee joint several weeks later. 

99mTechnetium- uptake measurements 

Joint swelling of the right knee was quantified by a 99mTechnetium(Tc)-up

take method, described previously (14). 99mTc is an isotope with a half life 

of only 6 hrs. For this reason the absolute uptake values are variable 

between the various mice in the experiments. Therefore, the inflammatory 
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swelling measured was expressed as the specific increase in knee thick

ness which was calculated as [(uptake right knee -uptake left knee)juptake 

left knee] x 100%. 24 and 48 hrs after induction the swelling was measu

red. In the figures 24 hour values are expressed. The correlation between 

the 99mrc-uptake and the histologic joint inflammation has been examined 

by Lens et al. (15). In the work as it is described here, knee joints 

with an increased Tc-uptake always showed histologic signs of inflamma

tion. Significance of the differences measured in the various experimental 

groups was determined by the Student's t-test. 

Histology 

Hind knee joints of the mice were removed in toto, fixed in 10% phosphate

buffered formalin and decalcified in 5% formic acid. Standard frontal 

sections (6 ~m) were prepared of paraffin-wax embedded knee joints and 

stained with hematoxylin and eosin (HE). 

RESULTS 

We first examined how long after induction of a joint inflammation a 

flare-up reaction could be induced. Therefore, on day 0 we injected 

MT4+,Lyt-2- mBSA specific cloned T cells and mBSA into the right knee 

joints of C57BL/6J mice, and mBSA specific cloned T cells and the non

crossreacting antigen OVA into the left knee joint. 24 Hours later a signifi

cant joint swelling could be measured in the right knee, as was determined 

by 99mTc-uptake. Subgroups of these mice were rechallenged with mBSA and 

OVA at 14, 21, 28 and 42 days after induction of the joint inflammation. 

The knee swelling was measured 24 hrs later. At these different intervals 

after the primary joint inflammation a significant flare up reaction could 

be induced by ia rechallenge with the antigens (Fig. 1). The flare-up 

reactions, however, were weaker when induced at the later points of time. 

42 Days after induction of the joint inflammation a small but significant 

flare-up reaction was still measurable (P<0.05). Two ia injections with 

only the antigens several weeks apart resulted in a minor joint inflammation. 

The values measured in these control groups injected with the antigens 

only were subtracted from the values measured in the groups in which also 

cloned T cells were ia injected on day-o. Two weeks after induction of 
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Day Injected in Knee % Specific increase in knee thickness 

0 R: 3 X 1 os mBSA clone+ 30 J.tQ mBSA 
L: 3 X 1050VAclone+30 1'9 OVA _I------i 

14 R:-
1--C L:-

14 R: 30 p9 mBSA 
L: 30 p9 OVA 

R: 30 !•9 mBSA 21 
L: 30 1'9.0VA 

28 R: 30 p9 mBSA 
L: 30 P9 OVA 

42 R: 30 P9 mBSA 

~ L: 30 pg OVA 

-5 0 10 20 30 40 

Fig. 1. Flare-up reactions evoked at various intervals after induction of 
a joint inflammation by cloned mBSA specific T cells and the antigen mBSA. 
At day 0 30 ~g rnBSA was injected into the right knee joint and 30 ~g OVA 
into the left knee joint. This was 0.5 to 1 hr later followed by ia injection 
of 3 x 105 rnBSA-specific cloned T cells in both knee joints. The inflammatory 
joint swelling of the right knee was measured 24 hrs later. On day 14, 21, 
28 and 42 flare-up reactions were induced by injection of 30 ~g rnBSA into 
the right knee joint and 30 ~g of OVA in 10 ~1 into the left knee joint, 
and were measured 24 hrs later. The values measured after only one (day 0) 
or two injections (day 0 and day 14, 21, 28 and 42) of the antigens were 
also measured and substracted from the values measured in the groups that 
also received the cloned T cells. The joint swelling of the right knee was 
expressed as the specific increase in knee thickness (mean± SEM; n=5). 

the primary joint inflammation by the mBSA specific T cells, the joint 

inflammation was no longer measurable when the mice were not rechallenged, 

as is shown in the second bar of Fig. 1. 

Subsequently we investigated whether the cloned mBSA specific T cells 

retained their immunocompetence in a knee joint in the absence of the 

specific antigen rnBSA. We therefore ia injected the mBSA specific cloned 

T cells, several days later followed by ia injection of rnBSA in the right 

knee joint and OVA into the left knee joint. 24 Hrs later knee swelling 

was determined by 99mTc-uptake. Injection of only the T cells did not 

result in a measurable joint inflammation, as is shown in Fig. 2, upper 

bar (group 1). Mice that had been ia injected with rnBSA specific cloned T 

cells on day 0, and were ia injected with antigen 0 - 14 days later, 
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Group 

2 

1a 

1b 

1c 

1d 

1e 

11 

19 

1a' 

1a" 

2' 

Day 

0 

0 

0 

4 

7 

10 

14 

14 

14 

14 

InJected in knee 

R: 3 x 1 as mBSA clone 
L: 3 X 1 as mBSA clone 

R: 30 1'9 mBSA 
L: 30)•9 OVA 

R: 30 1'9 mBSA 
L: 30 1'9 OVA 

R: 30 1'9 mBSA 
L: 30 1'9 OVA 

R: 30 1'9 mBSA 
L: 30 1'9 OVA 

R: 30 1'9 mBSA 
L: 30 1'9 OVA 

R: 30 1'9 mBSA 
L: 30 1'9 OVA 

R: 30 1'9 mBSA 
L: 30 1'9 OVA 

R: 30 1'9 mBSA 
L: 30 1'9 OVA 

R: 30 1'9 mBSA 
L: 30 1'9 OVA 

R: -
L:-

R: 30 p.g mBSA 
L: 30 1'9 OVA 

% Specific increase knee thickness 

~ 

-10 0 20 40 

Fig. 2. Joint inflammations and flare-up reactions induced by ia injection 
of cloned mBSA specific T cells and ia in~ection of the antigen mBSA at 
various days thereafter. On day 0, 3 x 10 mBSA specific cloned T cells 
were injected into the right and the left knee joint. At various days 
thereafter 30 ~g mBSA was injected into the right knee joint and 30 ~g of 
OVA into the left knee joint. One group (la) received the antigens on day 
0 and was rechallenged on day 14 to induce a flare-up reaction (group 
la'). The response of a control group for the ia injection of the antigens 
only is also indicated in the figure (group 2). The joint swelling of the 
right knee was expressed as the specific increase in knee thickness (mean 
± SEM; n=S). 

developed a clear joint inflammation. This is shown in group la to lg of 

Fig. 2. In group la' a flare-up reaction was induced by ia rechallenge 

with mBSA in the right knee joint and OVA in the left knee joint. In this 

group a significantly higher inflammation (p<O.OOS) was measured compared 

to the group that received the antigen for the first time at this time 

point (group lg). Without such a rechallenge virtually no joint inflammation 

was measurable 14 days after the primary joint inflammation (group la''). 
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Group Day Mouse strain Injected in knee %Specific increase knee thickness 

0 C57BL/6 +I+ R: 3 X 1 os mBSA clone +60 1'9 mBSA 
L: 3 X 105 m8SAclone+60!190VA 

2 0 C57BL/6 nu/nu R: 3 X 1 os mBSA clone +60 !19 mBSA 
L: 3 X 10s mBSAclone +60 1'9 OVA 

3 0 C57BL/6 +!+ R: 601'9 mBSA 
L: 60!19 OVA 

1a 14 C57BL/6 +I+ R: 60!19 mBSA 
L: 60!19 OVA 

1b 14 C57BL/6 +!+ R:-
L:-

2a 14 C57BL/6 nu/nu R: 60!19 mBSA 
L: 60!19 OVA 

2b 14 C57BL/6 nu/nu R:-
L:-

3 14 C57BL/6 +I+ R: 60!19 mBSA 
L: 60!19 OVA 

0 10 20 30 40 50 

Fig. 3. Induction of flare-up reactions in nude mice. Joint inflammation 
was induced by injection of 60 ~g mBSA into the right knee joint and 60 
~g OVA into the left knee joint, 0.5 to 1 hr later followed by injection 
of 3 x 10S mBSA specific cloned T cells into both knee joints. This was 
done in C57BL/6J +/+ mice as well as in C57BLj6J nujnu mice. 14 Days later 
the mice were rechallenged with the antigens, by ia injection of 60 ~g 
mBSA into the right knee joint and 60 ~g OVA into the left knee joint. 
Flare-up reactions were measured 24 hrs later (groups la and 2a). The 
values measured after one or two injections of the antigens only are also 
expressed (groups 3 and 3'), as are the values measured of the waned in
flammation 14 days after induction of the inflammation (groups lb and 
2b). The joint swelling of the right knee was expressed as the specific 
increase in knee thickness (mean± SEM). The data represent the mean of two 
experiments each involving 5 mice. 

Finally we studied whether flare-up reactions can be evoked in the 

athymic nude mice. Therefore mBSA specific cloned T cells were, after 

injection of either mBSA or OVA ia, injected into the right and the left 

knee joint of C57BL/6J +/+ and C57BL/6J nujnu mice. 24 Hrs later, both 

groups of mice displayed a clear joint inflammation (Fig. 3, groups 1 and 

2, P<O.Ol as compared to group3). 14 Days later in both groups the inflamma

tion had almost waned (groups lb and 2b). However, when these groups were 

rechallenged with the antigens mBSA and OVA ia, a flare-up reaction occurred 

in both the normal C57BL/6 mice and the C57BL/6 athymic nude mice (groups 

la and 2a; group la compared to group lb and group 2a compared to group 
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Fig. 4. Histological examination of flare-up reactions in euthymic and 
nude mice. (a) Flared arthritis in the right knee joint of a +/+mouse 24 
hrs after rechallenge with 60 ~g mBSA (HE; 120x). The flare-up reaction 
was induced 14 days after induction of the joint inflammation by local 
injection of 3 x 105 mBSA specific cloned T cells and 60 ~g mBSA. (b) Flared 
arthritis in the right knee joint of a nu/nu mouse 24 hrs after rechallenge 

·with 60 ~g mBSA (HE; 120x). (c) Right knee joint of a nu/nu mouse that 
was not rechallenged 14 days after induction of a joint inflammation (HE; 
120x). (d) Right knee of a+/+ mouse that was injected two times with 60 
~g mBSA two weeks apart (HE; 120x). F is femur, Tis tibia, M is meniscus. 
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2b P<O.Ol). Injections of the antigens into G57BL/6 +/+mice only led to 

a minor specific increase in knee thickness (group 3'). This was also the 

case in G57BL/6 nujnu mice (tested in a separate experiment; data not shown). 

Flare-up reactions of inflammations induced by the cloned MT4+,Lyt-2-

T cells in euthymic and nude mice were also histologically examined (Fig. 

4a and 4b). The flare-up reactions in the nude mice did not appear histologi

cally different from those in normal euthymic G57BL/6 mice. The histological 

aspects of these reactions in the latter mice have been described previous

ly (12). Such inflammatory infiltrates predominantly consist of granulocytes 

along with small numbers of monocytes and lymphocytes. Fig. 4c shows the 

knee joint of a mouse in which a joint inflammation had been induced 14 

days before and was not rechallenged with the antigen. In such mice only 

foci of inlammation were found. Almost no joint inflammation was observed 

in normal +/+ mice that were injected two times with 60 ~g mBSA 14 days 

apart as is shown in Fig. 4d. This indicates that the inflammations found 

were not caused by an immunization effect. 

In all the groups mentioned here cartilage destruction and pannus forma

tion were generally not observed. 

DISCUSSION 

Our previous studies showed that it is possible to induce flare-up 

reactions of waned inflammations that had been induced by local or iv 

injection of cloned MT4+,Lyt-2- T cells and local injection of the antigen 

(11,12). The present studies show that such flare-up reactions can still 

be induced 4 weeks after induction and subsequent waning of a primary 

joint inflammation. This indicates that at this time after induction of 

the joint inflammation antigen reactive T cells still occur in the knee 

joint. It is imaginable that by that time the number of T cells still 

present in the knee joint is very low as others have shown that a single 

T cell can mediate a measurable DTH reaction (16). 

The general idea about chronicity and flare-up of joint inflammations 

induced in mice immunized with a positively charged antigen is that the T 

cells are retained in the joint as a result of the persistence in the 

cartilage structures of the positively charged antigen (2-5). In this 

study we investigated whether cloned T cells can also be retained in a 
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joint in the absence of the specific antigen. The persistence of T cells 

was determined by the ability to induce joint inflammation. The data show 

that the cloned T cells were still present and immunocompetent in the 

knee joint 14 days after their ia injection without the antigen. However, 

when such mice are ia injected with antigen 14 days after ia injection of 

the cloned T cells, the inflammation ind~ced is weaker than at earlier 

points of time. This possibly indicates that the T cells are leaking out 

of the joint or that the T cells are losing their functional capacity. 

The T cells injected had been cultured for 14 days without the antigens, 

which implies that virtually no antigen was present in the inoculum. 

The flare-up reaction evoked by rechallenge 14 days after ia injection 

of cloned helper T cells and the specific antigens was significantly higher 

than the joint inflammation measured after the first administration of 

antigen at day 14. This might be due to a better retention of the cloned 

T cells in the presence of the specific antigen, but might also be caused 

by the in vivo restimulation and proliferation of the injected T cells 

within the joint. We cannot exclude the possibility that the mBSA specific 

cloned T cells plus the mBSA have induced a local antibody response re

sulting in a better retention of the antigen and therefore of the cloned 

T cells. We are currently investigating these possibilities. In the AIA 

model the mBSA specific T cells reach the knee joint after challenge with 

the antigen. So it is hard to study the persistence of the antigen specific 

T cells in the absence of antigen in this model. It could be argued that 

in the work, involving the mBSA specific cloned T cells, these cloned T 

cells show migratory defects (12) and as a result of this may persist in 

the knee joints. Migratory defects of cloned T-cells have been reported 

previously (17,18). Anyhow, these cloned T cells can remain functionally 

reactive in a knee joint. 

Local hyperreactivity as a result of the retention of T cells is not 

restricted to the joint but is thought to be also important in flare-up 

like phenomena in allergic skin reactions (19). 

We did not use comparable points of time in Figs. 1 and 2, so we can 

not compare the severity of the inflammations measured in these experiments 

elicited by T cells that were injected with or without the antigen at the 

later points of time. For this reason we do not know whether inflammations 

measured after a first administration of the antigen could still be induced 

at later points of time as used in Fig. 2. More generally stated, it is 
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always misleading to compare different experiments using these cloned T 

cell populations as their functional activity can greatly differ between 

the experiments (data not shown). 

In Fig. 3 we show that flare-up reactions of joint inflammations induced 

by the cloned MT4+,Lyt-2- T cells could A-lso be evoked in athymic nude 

mice. This indicates that T cells of the recipient mouse are not responsible 

and not neccessary for the flare-up reaction. We do not expect that in 

these T-cel deficient mice T cells might be induced as a result of factor 

production of the locally injected cloned T cells, or that such T cells 

of the recipient mouse play a role in the flare-up reactions measured. We 

have no indications that an immunization effect might play a role in the 

flare-up reactions, as two ia injections of the antigen several weeks 

apart did not lead to a histological or measurable joint inflammation. 

Histological examination of the flared joints of the nude mice of Fig. 

3 is shown in Fig. 4. The flare-up reactions appeared to be mainly granulo

cytic in nature, which is a normal feature for Jones-Mote type DTH reactions 

in rodents (13). The flare-up reactions were histologically indistinguish

able from the joints 24 hours after induction of the joint inflammations 

(data not shown) and were also indistinguishable from the flare-up reactions 

in normal euthymic C57BL/6 mice. We have no indications that an immuniza

tion effect might play a pivotal role in the flare-up reactions, as two 

ia injections of the antigen several weeks apart lead to a minor histolo

gical (Fig. 4d) or hardly measurable minor joint inflammation (Fig. 3, 

group 3'). 

The joint inflammation caused by ia injection of the antigens mBSA and 

OVA only, without injection of T cells, were always determined in the 

experiments presented here. This is necessary as ia injection of the rela

tively high doses of a cationic protein like mBSA can cause a small but 

measurable inflammation. 

In our experiments the antigens and T cells were always injected sepa

rately as ia injection of the cloned T cells and mBSA together resulted 

in a weaker joint inflammation (12). This is due to the deleterious effect 

of high doses of mBSA for the cloned T cell population used, when added to 

the T cells directly. Also for this reason we diminished the amount of 

antigen added ia from 60 ~g (as used in Fig. 3 and 4) to 30 ~g per joint 

(as used in Fig. 1 and 2). 

We are currently investigating whether it is also possible to induce 
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flare-up reactions by systemic (oral or iv) administration of the antigens 

after induction. of a joint inflammation by cloned MT4+,Lyt-2- T cells. We 

have already shown that it is possible to induce a flare-up of a DTH reaction 

induced by cloned mBSA specific T cells and mBSA in a hind foot (20). 

Based on the data presented in this and previous papers we suggest, as 

others do (21,22), that T cells play an important role in inflammatory 

autoimmune diseases. In the model system·in mice employing cloned T cells 

with the MT4+Lyt-2- phenotype we show that the persistence of T cells can 

also acount for the flare-up reactions. 'These flare-up reactions are thought 

to be comparable to the exacerbations· as occur in human rheumatoid arthri

tis. Therefore, we conclude that T cells and the specific antigen alone, 

without the involvement of e.g. B cell~, can account for the inflammations 

as well as their exacerbations. 
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SUMMARY 

A murine macrophage cell line AP284 was isolated that appeared to be 

mature in phenotype. After repeated cloning the cell line expressed the 

markers Mac-1, Mac-2, Mac-3, 2.4G2, F4j80 as well as Ia antigens. Moreover 

it was positive for the enzymes nonspecific esterase and acid phosphatase, 

negative for alkaline phosphatase and was able to phagocytise latex beads. 

We studied whether this cell line was able to present antigen to cloned 

MT4+,Lyt-2- T cells specific for methylated bovine serum albumin (mBSA) or 

ovalbumin (OVA). The in vitro proliferative response of the cloned T cells 

specific for mBSA or OVA was found to be effectively supported by AP284. 

This proliferation could be blocked by monoclonal antibodies against Ia 

determinants. AP284 also effectively presented antigen in vivo as was 

shown in a foot swelling assay measuring delayed type hypersensitivity 

(DTH) to mBSA caused by specific cloned T cells with the helper phenotype. 

This offers a unique model system for studying the process of antigen 

presentation in which both the antigen presenting cells and the T cells 

are monoclonal. 
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INTRODUCTION 

Helper T cells, in contrast to B cells, only respond to antigen when 

presented by antigen presenting cells (APG). To this end APG have to ex

press class II (Ia) antigens syngeneic to the helper T cells (1, reviewed 

in 2). Particulate antigens have to be processed, which means catabolyzed 

by lysosomes, before they can be effectively presented to the T cells 

(3,4, reviewed in 5). Glutaraldehyde-fixed macrophages are unable to present 

such antigens unless they process the antigen before fixation (5). 

Several cell types can effectively present antigen to T cells. Firstly 

monocytes and macrophages (M~) (6,7). However, these cells do not consti

tutively express Ia antigens (8,9). The period of Ia expression by M~ after 

its induction is very short (12-48 hr) (8). Ia can be induced by a lymphokine 

present in the supernatant of stimulated T cells. The major lymphokine 

responsible for Ia induction is Interferon-~ (IFN-~) (10). Furthermore M¢, 

like all other APG, need to produce IL-l (11,12, reviewed in 13) in order 

to activate T cells. Recently it has been shown that only the Th2 population 

of the helper T cells (Thl produces IL-2 and IFN-~, Th2 secretes IL-4; 14) 

needs IL-l as an activation signal (15). 

A second category of APG is the dendritic cell (16). Dendritic cells 

are unable to phagocytise and exhibit constitutive Ia expression. They 

are very efficient in the induction of mixed lymphocyte responses (MLR), 

polyclonal responses and responses to several antigens (17,18). Dendritic 

cells are thought to be unable to present particulate antigens to T cells 

without previous phagocytosis and processing of the antigens by M~ (19). 

However others (20,21) have found that dendritic cells are also able to 

process antigens. Klein debates the necessity of antigen processing as Ia 

containing liposomes can present antigens toT cells (22,23). This might 

well be dependent on the specificity of the T cells involved (24). Also B 

cells (25-27) and epithelial cells (28,29) are reported to be able to 

present antigen to T cells. 

As indicated above, the role of phagocytosis, antigen processing, Ia 

expression and IL-l production in T cell activation are still under debate. 

In most studies on antigen presentation peritoneal M¢ or long term bone 

marrow culture M~ are used. Some studies have been published using cultured 

tumor M~ lines. These lines can be induced to express Ia by IFN-~ (30,31). 

85 



Some other lines have been produced that constitutively express Ia (32,33). 

Moreover, macrophage hybridomas have been produced (34) and macrophages 

have been immortilized by viral infection (35,36). 

We here report on a mature M¢ tumor cell line AP284, constitutively 

expressing Ia antigens. This M¢ cell line is able to present antigen to 

cloned T cells with the helper phenotype in vitro and in vivo and provides 

us with a unique model for studying antigen presentation in which both 

the helper T cells and the APC are monoclonal. 

MATERIALS AND METHODS 

Mice 

C57BLj6J and BALB/c mice were purchased from OLAC LTD., Bicester, UK., 

or from Bomholtgard, Ry, Denmark. In all experiments female mice were used 

at the age of 2-3 months. 

Cloned MT4+.Lyt-2-T cells 

The T cell clone specific for mBSA was made in collaboration with Ms. 

R. Tees and Dr. M.H. Schreier from Sandoz Basel, Basel, Switzerland, 

according to procedures described elsewhere (37). The T cell clone specific 

for ovalbumin (OVA) was described previously (37) as were the culture 

conditions optimal for both T cell clones (38-42). Briefly, the mBSA and 

OVA specific cloned T cells were restimulated with the antigens every 5 

to 6 weeks. For the mBSA specific T cell clone and for total spleen cells 

5 ~g/ml mBSA was optimal, for the OVA specific T cell clone 300 ~gjml OVA 

was used. mBSA and OVA were purchased from Sigma Chemical Company, St. 

Louis, Missouri, USA. Irradiated (30 Gy) syngeneic spleen cells were used 

as a source of antigen presenting cells. After 3 days the cells were 

transferred to medium containing 600 U/ml recombinant human interleukin 

2, which was a kind gift of Dr. J. Besemer from Sandoz Ltd., Vienna, Austria. 

The cloned T cells were transferred to fresh IL-2 containing culture medium 

in a 1 to 10 dilution twice a week. This was done at least three times 

after restimulation before the cloned T cells .were used. The cloned T 

cells used in the experiments did contain virtually no antigen presenting 

cells as the irradiated cells died in the first week after restimulation 

86 



and the adherent cells were not transferred to the fresh culture medium. 

Both T cell clones are of C57BL (H-2b) origin and are H-2 I-Ab restricted 

in antigen recognition (37,41,42). These clones are of the Thl phenotype, 

which means that they produce IL-2 and IFN-1 upon antigenic stimulation 

and are able to induce DTH reactions (14,41,42). 

Macrophage cell line 

Macrophage cell line AP284 was derived from the spleen of a male 

(C57BL/Rij x CBA/Rij)Fl (H-2b/q) mouse suffering from a spontaneously arisen 

tumor. The spleen was processed to a single cell suspension and cultured 

in a humidified atmosphere of 5% C02 in air in alpha modification of 

Dulbecco's medium supplemented with 10% fetal calf serum. Out of this 

culture the AP284 M~ line was obtained. Several vials of these cells were 

frozen in liquid nitrogen. After the original line was lost by overgrowth 

of fibroblasts, the line was subcloned out of one of these frozen samples. 

The subcloning was performed by limiting dilution in 96-well flat bottom 

microtiter plates (Costar, Cambridge, U.K.). Under subcloning conditions 

10% L cell conditioned medium (LCM) was added to the alpha modification 

of Dulbecco's medium. The subclones used here are AP284.D4 or AP284.Bll. 

The latter is a subclone of AP284.D4. AP284.Bll appeared to be more stable 

in culture. The subclones were cultured in the same culture medium, without 

LCM, under the same coditions as described above. The M~ were passaged 

twice a week. 

Chromosomal aberrations of the AP284 cell line were determined. The cell 

line appeared to be hypotetrapoid and showed two translocational events, 

__ t(4;18) and t(l6;19) in addition to a 4p+, 9p+ (2 variations) and mosaic 

13p+ aberration. 

Phenotyping of AP284 

Phenotyping of AP284.D4 line and 3 other M~ lines (WEHI-3 (43), PuS-1.8 

(44), P388.Dl (45)) was_performed in an ELISA system described previously 

(46). The monoclonal antibodies Ml/70, M3j38, M3/84, 2.4G2, F4/80, 59AD2.2, 

MS/114, ER-TR3, and MIV-113 were used. The level of antibody binding was 

expressed relative to the level of 30Gl2 antibody binding (anti-T-200; 

57) and the levels of T200 expression of the 4 cell lines phenotyped here 

were comparable (47). The characteristics and references of the monoclonal 
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antibodies used (48-61) are mentioned in Table 1. 

TABLE 1 

PHENOTYPING OF AP284 

Monoclonal Target antigen References WEHI-3 PuS-1. 8 P388Dl AP284.D4 
antibody 

Ml/70 Mac-1, complement 48-50 8 13 22 55 
receptor type 3 

M3/38 Mac-2 . 49' 51 23 63 69 49 
M3/84 Mac-3 49,52 11 9 14 19 
2.4G2 Fe receptor type II 53 8 11 24 25 
F4/80 F4/80 54 7 2 5 25 
59AD2.2 Thy-1 55-57 125 5 1 1 
30Gl2 T-200, common leuko- 57 100 100 100 100 

cyte antigen 
MS/114 1-Ab/d/q 1-Ed/k 58 23 3 11 
ER-TR3 I _ Ab/d/k/q/r 59 2 3 4 1 
MIV 113 MIV 113 60,61 0 0 0 1 

The M~ lines were phenotyped in an ELISA system as described by van Soest et 
al. (46) and with the monoclonal antibodies described in the Materials and 
Methods section. Data represent antibody binding relative to the level of 
30Gl2 binding. Negative control values are subtracted. 

Proliferation assay 

Proliferation assays were performed in IMDM-ATL (38). This is the 

serum-free medium in which the mBSA or OVA specific cloned MT4+,Lyt-2- T 

cells were cultured. 2 x 104 cloned T cells were cultured for 3 days in 

200 ~1 medium in 96 well flat bottom microtiter plates (Costar, Cambrid

ge, U.K.) together with the desired number of irradiated (30 Gy) AP284 

cells or C57BL spleen cells and with or without antigen. Pulsing with 

antigen was done by incubation of the APC with 30 ~g/ml mBSA or 1 mg/ml 

OVA during 1 hr at 37°C. Fixation of the APC was performed in 0.05% 

glutaraldehyde during 20 minutes at 4°C. IL-2 induced T cell proliferation 

was achieved by addition of 600 U/ml recombinant human IL-2. Proliferation 

was measured by 3H-thymidine incorporation during the last 8 or 18 hrs of 

culture (1 ~Ci/well, spec. act. 50 Ci/mmol; Amersham, UK.). The cultures 

were harvested by means of an automatic cell harvester (Cryoson, Midden 
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Beemster, The Netherlands) and counted in a beta counter (Hewlet Packard, 

Brussels, Belgium). 

Blocking of antigen presentation by monoclonal antibodies 

The monoclonal antibody employed for blocking of antigen presentation 

(MS/114) was used as cell culture supernatant. As a control supernatant 

236a~3, which is an anti-isotype monoclonal antibody, was used (62). The 

supernatants were dialysed overnight against 200 times the volume of fresh 

Dulbecco's medium. This was refreshed once. 

Induction and measurement of DTH 

DTH was induced by local injection of 3 x 105 mBSA specific cloned 

helper T cells together with 20 ~g mBSA or OVA in 50 ~1 balanced salt 

solution (BSS) into the dorsum of the hind feet of the allogeneic BALB/c 

mice. Increasing numbers of AP284 cells or peritoneal exudate cells (PEG) 

of G57BL/KA mice were added to the inoculum. The PEG were obtained from 

peritoneal cavity washings of naieve mice. 24 and 48 hours after induction 

of inflammation, the thickness of the hind feet was m~asured. In the figures 

24 hrs values are presented. The 48 hrs responses were much like the 24 

hrs responses, but generally lower. DTH responses were expressed as the 

specific increase in hind foot thickness and were calculated as [(thickness 

right foot - thickness left foot)/thickness left foot] x 100% 

Statistics 

Significance of the diferences between various experimental groups was 

determined by Student's t-test. 

RESULTS 

Phenotyping of AP284 

The phenotype of AP284.D4 and of 3 control lines was determined was in 

the ELISA system described by van Soest et al. (46). The results are shown 

in Table 1. The phenotypes of the control lines have been described pre

viously (47). The level of antibody binding was expressed relative to the 

level of 30Gl2 (T-200) antibody binding. By means of membrane immunofluo-
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rescence it was shown that all cells are positive for T-200 (data not 

shown). Table 1 shows the four M~ cell lines in order of maturity (47). 

The more mature macrophage cell line are Mac-1+, Mac-2+, Mac-3+, F4/80+ 

and Thy-1-, MIV 113-, so AP284 is concluded to be a mature M~ cell line, 

which in addition constitutively expresses Ia antigens. 

1o log APC number/ml 

~- Dose-response curve of the effectiveness of antigen presentation 
by AP284.D4 in the proliferative response of cloned mBSA specific T cells 
in vitro. As a source of antigen presenting cells increasing numbers of 
irradiated (30 Gy) AP284.D4 cells or, for comparison, 2 x 105 irradiated 
(30 Gy) C57BL/6 spleen cells were added to 2 x 104 cloned T cells in 200 
~1. This was done in the presence or in the absence of the antigen mBSA. 
Data were calculated as the mean of five replicate cultures and expressed 
as counts per minute (cpm) ± SEM. 
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Antigen presentation by AP284 in vitro 

The capacity of AP284 to present antigen to T cells was examined in a 

T cell proliferation assay in vitro. As a source ofT cells we used mBSA 

specific cloned MT4+,Lyt-2- T cells (39,40). Fig. 1 shows that AP284.D4 

can effectively present mBSA to cloned T cells. In our assay 104 AP284 cells 

per ml caused maximal proliferation of the cloned T cells. mBSA presentation 

by 106 irradiated C57BL/6 spleen cells per ml resulted in a much weaker 

T cell proliferation. In this respect it should be mentioned that 106 

cellsjml is the most optimal concentration of irradiated spleen cells for 

presentation of mBSA to the mBSA specific cloned MT4+,Lyt-2- T cells. 

Subsequently we investigated whether AP284.Bll was also able to present 

antigen to an OVA specific T cell clone. Moreover the role of antigen 

processing was studied by incubation of AP284 cells with either mBSA or 

together with the relevant T cell clones. The capacity of fixed AP284 

cells to present antigen which is present free in culture to the cloned T 

cells was also examined. It is shown in Fig. 2 that AP284 was able to 

APC Treatment mBSA clone cpm X 10-4 OVA clone cpm X 1 o-3 

AP284 PULS +FIX p b 
PULS+ ~ _j-i 

FIX +AG 

FIX -AG ) 

~ +AG lJ 

~ -AG J 

Spleen cells ~ +AG p ==::! 
~ -AG 

- -

10 20 30 0 10 20 30 40 50 

~- Antigen presentation by pulsed and/or fixed or irradiated AP284.Bll 
cells to mBSA or OVA specific cloned T cells in vitro. As a source of 
antigen presenting cells 2 x 104 irradiated (30 Gy) or glutaraldehyde 
fixed AP284 cells or 2 x 105 irradiated total spleen cells were added to 
2 x 104 mBSA or OVA specific cloned T cells in 200 ~1. Pulsing of the 
AP284 cells with the antigen was performed by incubation with 30 ~g/ml 
mBSA or 1 mg/ml OVA for 1 hr at 37•c. Data are calculated as the mean of 
four replicate cultures and expressed as counts per minute (cpm) ± SEM. 
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present mBSA to the mBSA specific cloned T cells after processing the 

antigen and fixation with glutaraldehyde. The OVA specific cloned T cells, 

however, did not respond to AP284 cells that were pulsed with the antigen 

and fixed thereafter. Fixed AP284 cells were unable to present antigen to 

the cloned T cells and to induce antige~ specific proliferation. 

Blocking of antigen presentation in vitro 

The role of Ia antigen in the antigen presentation by AP284.Bll to the 

cloned mBSA specific MT4+,Lyt-2- T cells was investigated by using monoclo

nal antibodies directed against Ia antigens. We therefore replaced a part 

of the culture medium in the proliferation assay by monoclonal anti-Ia or 

control antibodies. Fig. 3 shows that the monoclonal anti-Ia antibody M5/ll4, 

which can bind to AP284 (Table 1), blocks the antigen presentation effecti

vely. The monoclonal had a minor effect on the IL-2 induced proliferation 

of the cloned T cells. A control supernatant (236a~3) did only block the 

antigen presentation and the IL-2 induced proliferation in the highest 

concentration used. 

Antigen presentation by AP284 in vivo 

The mBSA specific cloned MT4+,Lyt-2- T cells are H-21-Ab restricted in 

vivo with regard to their recognition of mBSA in DTH reactions (41,42). 

In order to investigate whether AP284 can effectively present mBSA to 

these cloned T cells in vivo, we injected 3 x 105 cloned T cells into 

either hind foot of several groups of allogeneic BALB/c mice. These mice 

bear the H-2d haplotype and therefore do not express l-Ab antigens, which 

is the restriction element of these T cells. The cloned mBSA specific 

helper T cells injected into the right hind foot had been supplemented 

with 20 pg mBSA and those injected into the left hind foot had been supple

mented with 20 pg OVA. 24 Hours later only a minor inflammation was found 

in the right hind foot of these mice (Fig. 4, first bar). In other groups 

an increasing number of AP284.D4 cells was added to the inocula to be 

injected in the right and the left hind feet. In the case that 105 AP284 
r 

cells were added to the inocula significant foot swelling was measured 

(p<0.005) compared to the controls without AP284 cells. This swelling was 

comparable to the foot swelling that was measured when 105 PEC were added 

to the inoculum. Thus, antigen presentation by the AP284 cells in vivo 
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Monoclonal % Supernatant +or- Antigen CPM X 1 o-3 + IL-2 CPM X 10-3 

M5/114 50 _j-1 

15 
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~- Blocking of antigen presentation by AP284.Bll in vitro by a monoclo
nal anti-Ia antibody. The blocking of antigen presentation by 2 x 104 
AP284 cells was assayed in a proliferation assay employing 2 x 104 cloned 
T cells. A part (50, 15 or 5%) of the culture medium was replaced by superna
tant of the hybridomas M5/114 containing anti-Ia antibodies or by the 
control supernatant 236ar3- This was done in the presence or absence of 
the antigen mBSA. The dotted lines in the bars represent the proliferation 
of the cloned T cells in the absence of antigen. As a control the effect 
of the monoclonals on the IL-2 induced proliferation (600 U/ml IL-2) was 
determined (right part). Data were calculated as the mean of four replicate 
cultures and expressed as cpm ± SEM. 

was equally effective to induce an inflammatory reaction was the as antigen 

presentation by PEG. 

DISCUSSION 

This paper describes a new M~ cell line AP284 which is capable of antigen 

presentation to syngeneic T cells in vitro as well as in vivo_ From the 

phenotyping data of this cell line it can be concluded that AP284 is a 

mature M~ cell line_ This maturity is indicated by the relatively high 

surface expression of Mac-1, Mac-2, Mac-3 and F4/80. The expression of 

Mac-1, Mac-2 and F4j80 increases during M~ differentiation and is charac

teristic for mature M~ (49,50,53,62)_ The expression of Thy-1 and MIV-113, 

on the other hand, decreases during M~ differentiation (56). The latter 

markers indeed were undetectable on AP284. The expression of the enzymes 
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nonspecific esterase and acid phosphatase, the lack of alkaline phosphatase 

and the capacity to phagocytise latex beads also support the conclusion 

that AP284 is aM~ cell line. 

The line constitutively expresses Ia as appears from the binding of the 

MS/114 monoclonal antibody. ER-TR3, which also detects l-Ab and 1-Aq, but 

is a very weak monoclonal, showed no binding to AP284. Binding of MS/114 

inhibited the antigen-induced proliferation of cloned mBSA specific T 

cells in the presence of AP284. The IL-2 induced proliferation, however, 

was blocked to a minor degree by MS/114. 

The replacement of half of the culture medium by hybridoma-supernatants 

generally deminished the antigen specific proliferation as well as the 

IL-2 induced proliferation. This is probably caused by the addition of 

the high percentage of 'used' culture medium containing more demolition 

products. 

AP284 was originally obtained from the spleen of a mouse suffering of 

a spontaneously arisen tumor. It was cultured without growth factors but 

was virtually lost after several months of culture because of the overgrowth 

of contaminating fibroblasts. Upon subcloning growth was only obtained in 

the presence of LGM. The subclones however were further expanded without 

LGM so this cannot account for the constitutive Ia expression. Moreover 

it is known that LCM is a poor inducer of Ia expression (5). 

AP284 can effectively present antigen to T cells in vitro and is even 

more potent than the most optimal dose of irradiated spleen cells (Fig. 1). 

It is unclear why T cell proliferation was weaker when high doses of AP284 

were used for antigen presentation. This reduced proliferation might be 

due to exhaustion of nutrients in the culture medium or Prostaglandin E2 

(PGE2) production or by the induction of nonspecific cytotoxicity by the 

AP284 cells. 

In Fig. 2 it is shown that the AP284 cells can present antigen not only 

to mBSA specific cloned T cells but also to an OVA specific T cell clone. 

This figure also shows that it is possible to present mBSA by AP284 cells 

when it is processed before fixation of the cells. We have to remind here 

that the optimal mBSA concentration for the mBSA specific T cell clone is 

much lower compared to the optimal concentration for the OVA specific 

cloned T cells. From the difference in antigen presentation of antigen 

pulsed AP284 cells after fixation or irradiation one may conclude that 
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antigen processing is not yet optimal for the presentation to the cloned 

T cells after the incubation period of 1 hour at 37°G. However, it is 

equally well possible that glutaraldehyde fixation decreases the antigen 

presenting capacities of AP284. 

The dose of AP284 cells used in Figs. 2 and 3 is higher than the optimal 

dose determined for antigen presentation in Fig. l. In Figs. 2 and 3, 

however, the AP284.Bll was used, which is a subclone of AP284.D4 and needs 

a higher cell concentration for optimal antigen presentation. This subclone 

otherwise is essentially similar to AP284.D4. 

The AP284 cells can also effectively present rnBSA to cloned MT4+,Lyt-2-

T cells in vivo, leading to the release of mediators accounting for a DTH 

reaction measured in a foot swelling assay (Fig. 4). This is apparent from 

our studies injecting the cloned T cells together with rnBSA into fully 

allogeneic mice. Without APG syngeneic to the cloned T cells virtually no 

foot swelling is induced. Addition of semi-allogeneic AP284 cells to the 

cloned T cells, however, enabled a substantial DTH reaction in fully 

allogeneic BALB/c mice. These data show that AP284 not only enables 

antigen-specific proliferation of the cloned MT4+,Lyt-2- T cells, but 

also the release of mediators characteristic for and underlying to their 

functional activity as involved in inflammatory responses. A comparably 

high foot swelling could be induced by PEG syngeneic to the cloned T cells. 

In vivo the AP284 cells and the PEG are equally effective in antigen 

presentation resulting in a comparable foot swelling. The inflammations 

measured were not based upon alloreactivity, as the left foot, in which 

also the cloned T cells and the M¢ cells were injected, did not show an 

inflammation. 

Other M¢ cell lines have been reported that are able to present antigen 

toT cells (31-34). In our studies however, we have used the antigen presen

ting cells as well as the T cells monoclonal. Moreover we have shown that 

the combination of these monoclonal cell populations is functionally effec

tive within an allogeneic environment in vivo. 

In conclusion this paper describes a model system for T cell-macrophage 

interactions based upon the use of purely monoclonal cell populations 

which offers great perspectives for dissecting the processes involved in 

these interactions. Especially the role of soluble mediators is now open 

to more in-depth investigations. 
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Mouse strain Injected in foot %Specific increase foot thickness 

BALB/c R: 3 X 1 os mBSA clone+ 20 1'9 mBSA 
L: 3 X 1 os mBSA clone+ 20 1'9 OVA 

BALB/c R: idem + 103 AP284 
L: 

BALB/c R: idem + 104AP284 
L: 

BALB/c R: idem + 1Q5 AP284 
L: 

BALB/c R: idem + 103 PEG 
L: 

BALB/c R: idem + 104 PEG 
L: 

BALB/c R: idem + 105 PEG 
L: 

BALB/c R: 20 1'9 mBSA 
L: 20 1'9 OVA 

G57BL/KA R: 3 X 1 os mBSA clone+ 20 1'9 mBSA 
L: 3 X 105 mBSA clone+ 20 1'9 OVA 

0 10 20 30 40 

Fig. 4. Antigen presentation by AP284.D4 to mBSA specific cloned T cells 
with the helper phenotype in DTH. 3 x 10S mBSA specific cloned T cells 
were injected together with 20 ~g mBSA into the right hind foot and together 
with 20 ~g OVA into the left hind foot of allogeneic BALB/c mice. Increa
sing numbers of AP284 cells or PEC were added to the inocula injected. 
DTH reactions were measured 24 hrs later and expressed as the specific 
increase of foot thickness (mean± SEM; n=S). 
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SUMMARY 

Recently we reported the isolation of the mature macrophage cell line 

AP284. This cell line can efficiently present antigen to cloned helper T 

cells in vitro and in vivo. In this paper we show that AP284 can also 

present antigen to cloned helper T cells in an in vivo model system in 

which joint inflammation is induced. It appeared that injection of cloned 

helper T cells specific for methylated bovine serum albumin (mBSA) together 

with mBSA and AP284 into the joints of allogeneic mice induced a substantial 

joint inflammation. This system offers great prospects for studying the 

involvement of soluble mediators in the induction of joint inflammation 

as well as regulatory aspects of this inflammation. 
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INTRODUCTION 

Helper T cells, in contrast to B cells, do not recognize antigen in 

its native form. These T cells recognize the antigens in a H-2 class II 

restricted manner. This means that the antigen has to be processed and 

presented by antigen presenting cells (APC), e.g. macrophages (M¢) or 

dendritic cells bearing class II (Ia) H-2 molecules which have to be syn

geneic to the T cells (1). 

Helper T cells are thought to play an important role in the induction 

of inflammatory autoimmune diseases such as rheumatoid arthritis (2). It 

has been shown in animal models that cloned helper T cells can induce 

joint inflammations resembling human rheumatoid arthritis (3). We have 

shown previously that cloned T cells of the helper phenotype specific for 

mBSA can induce joint inflammation upon intravenous or local injection of 

the antigen (4). mBSA is an antigen that is often used in the antigen 

induced arthritis (AlA) model as it is well retained to the negatively 

charged cartilage structures in the joint. It is thought that the antigen 

specific T cells remain in the joint as the antigen persists there, resulting 

in a chronic joint inflammation which can show flare-up phenomena after 

rechallenge with the antigen (5). Joint inflammations induced by cloned 

helper T cells can also show flare-up reactions after rechallenge with 

the antigen (4), suggesting a pivotal role of helper T cells in exacerba

tions and remissions in reumatoid arthritis. 

We here present a model system of AlA in which the inflammation is 

induced by purely monoclonal cell populations in allogeneic mice. The 

antigen presenting cells we used are of the mature M¢ cell line AP284 (6) 

which presents antigen efficiently in vitro, as well as in vivo. In the 

present experiments we show that injection of cloned T cells, AP284 and 

the antigen in a knee joint leads to the induction of joint inflammation. 

MATERIALS AND METHODS 

Mice 

C57BL/6J and BALB/c mice were purchased from Bomholtgard, Ry, Denmark. 

Female mice were used at the age of 2-3 months. 
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Cloned MT4+.Lyt-2-T cells 

The T cell clone specific for mBSA and the culture conditions used were 

described previously (4). This T cell clone is of C57BL (H-2b) origin and 

H-2I-Ab restricted in antigen recognition (4). 

Macrophage cell line 

The macrophage (M¢) cell line AP284 was derived from the spleen of a male 

(C57BL/Rij x CBA/Rij)Fl (H-2b/q) mouse suffering from a spontaneously 

arisen tumor. The M¢ cell line was subcloned repeatedly, subclone AP284.D4 

was used for the experiments reported here. The cells were cultured in 

alpha-modification of Dulbecco's medium supplemented with 10% FCS and were 

passaged twice a week. The M¢ cell line appeared to be mature in phenotype 

as it expressed the markers Mac-1, Mac-2, Mac-3 and F4/80 and did not 

express the immature M¢ markers Thy-1 and MIV 113. Moreover it constitutively 

expressed Ia antigens. TheM¢ character was confirmed by the observation 

that AP284 can phagocytise carbon particles and is positive for the enzymes 

nonspecific esterase and acid phosphatase and negative for alkaline phos

phatase. 

Induction and measurement of joint inflammation 

Joint inflammation was induced by injection of 30 ~g mBSA in a volume 

of 6 ~1 balanced salt solution (BSS) into the right knee joint and 30 ~g 

ovalbumin (OVA) in 6 ~1 BSS into the left knee joint of the mice (mBSA and 

OVA were derived from Sigma Chemical Company, St. Louis, Missouri, U.S.A.), 

followed by injection of 3 x 105 mBSA specific cloned T cells in 10 ~1 BSS 

into both knee joints. Increasing riumbers of AP284 cells were added to 

this inoculum. 24 Hrs later joint swelling was measured by a 99mTechnetium

uptake method described previously (4). The inflammatory swelling measured 

in the right knee was expressed as [(Technetium-uptake right knee joint

Technetium-uptake left knee joint)/Technetium-uptake right knee joint) x 

100%. 

Statistics 

Significance of the differences between various experimental groups was 

determined by Student's t-test. 
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RESULTS AND DISCUSSION 

Joint inflammations were induced by local injection of cloned mBSA 

specific helper T cells of C57BL/6 origin, mBSA and H-2 semicompatible 

cloned M¢ of (C57BL x CBA)Fl origin. A~ a control for the antigen specificity 

of this inflammatory reaction the irrelevant antigen OVA was injected into 

the left knee joint, together with helper T cells and M¢. In order to 

prevent participation of host antigen presenting cells in the inflamma-

tory reactions to be observed, the joint inflammations were induced in 

allogeneic BALB/c mice. 

Mouse strain Injected in knee % Specific increase knee thickness 

BALB/c R: 3 X 1 os mBSA clone+ 30 1'9 mBSA 
L: 3 X 1 os mBSA clone+ 30 1'9 OVA 

BALB/c idem + R and L: 1 os AP284 
. _r---

BALB/c idem +Rand L: 3 X 10s AP284 

BALB/c idem +Rand L: 106 AP284 

C578L/6 idem 

BALB/c R: 30 1'9 mBSA ~ L: 30 1'9 OVA 

0 20 40 

~- Antigen presentation by AP284 to mBSA specific cloned MT4+,Lyt-2-
T cells in the induction of joint inflammation. 3 x 105 mBSA specific 
cloned T cells were injected 0.5-1 hr after injection of 30 ~g mBSA into 
the right kneejoint and 30 ~g OVA into the left kneejoint. This was done 
in syngeneic C57BL/6 or allogeneic BALB/c mice. Increasing numbers of 
AP284 cells were added to the T cell inocula to be injected into the BALB/c 
mice. Joint inflammations were measured 24 hrs later and expressed as the 
specific increase in knee thickness (mean± SEM; n-5). 

As is shown in Fig. 1, injection of 3 x 105 mBSA specific cloned helper 

T cells and the antigen mBSA into the joints of allogeneic BALB/c mice 

resulted in a minor joint inflammation. Addition of 105, 3 x 105 or 106 

AP284 cells in the inoculum to be injected into the knee joints resulted 

in a significantly higher swelling of the right knee joint as compared to 
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the group that did not receive AP284 cells (p<0.05 for addition of 105 

AP284 cells and p<0.005 for addition of 3 x 105 or 106 AP284 cells as 

compared to the group of BALB/c mice that did not receive AP284 cells). 

No clear-cut relationship was found between the different numbers of 

AP284 cells added to the cloned helper T cells and the extent of joint 

inflammation, indicating that 105 antigen presenting cells were already 

sufficient for a sizable inflammatory reaction. Thus, in this system em

ploying 3 x 105 cloned helper T cells and 30 ~g of mBSA the number of 

antigen presenting cells appeared not to be the limiting factor. 

Histologically the joint inflammation induced in this system, using 

AP284 antigen presenting cells in allogeneic mice, did not appear different 

from the joint inflammation induced in mice syngeneic to the cloned helper 

T cells. In both systems the inflammatory infiltrates mainly consisted of 

granulocytes and a small number of monocytes (data not shown). 

The results show that the combination of a population of well-defined 

cloned helper T cells and cloned M~ together with the specific antigen can 

produce the mediators that cause a joint inflammation. This is highly 

dependent on the constitutive expression of Ia antigens by the antigen 

presenting M~. We have shown in in vitro experiments that the antigen pre

sentation by AP284 to the mBSA specific" cloned T cells was almost com

pletely blocked by monoclonal anti-Ia antibodies (6). Others also have 

reported on M~ lines that were able to present antigen toT cells (f.e. 7). 

These autors, however, did not investigate the antigen presenting capacities 

of these M~ cell line in in vivo experiments. 

In the model for AlA presented here, the T cell - M~ interaction under

lying joint inflammation can be studied in detail in vivo. In particular 

the soluble mediators involved in this inflammatory responses are now open 

for further investigations under well defined conditions. 
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SUMMARY 

This report describes the histological and immunohistochemical characteri

zation of joint inflammations and flare-up reactions in mice induced by 

cloned MT4+,Lyt-2- T cells. The T cell clone used was specific for the 

antigen methylated bovine serum albumin (mBSA) and inoculated locally 

into a joint together with the antigen. The histological examination was 

performed in methyl-methacrylate sections and the various cell types were 

quantified in distinct regions of the knee joint. The infiltrates consisted 

predominantly of granulocytes admixed with small numbers of histiocytes. 

Few lymphocytes were present, while plasma cells were not found. Fibrosis 

was prominent in the later stages of the inflammation. 

Immunohistochemical analysis of total unfixed, undecalcified sections 

using monoclonal antibodies revealed the presence of T cells which were 

predominantly of the helper phenotype, sporadic B cells and a considerable 

number of Ia positive cells. Macrophages were scattered throughout the 

infiltrate. The synovial lining was shown to express Ia antigens and to 

contain cells that stained with macrophage markers. Cell clusters were found 

including helper T (Th) cells, some B cells and Ia positive cells. 

These results are in line with immunohistological examinations in other 

arthritis models and resemble the early events in human rheumatoid arthritis. 

The data indicate that activated helper T cells are required and sufficient 

to give rise to the inflammatory infiltrates that are characteristic for 

the inflammations and exacerbations in human rheumatoid arthritis. 
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INTRODUCTION 

Several animal models for human rheumatoid arthritis have been develo

ped to investigate the processes that are involved in the pathogenesis 

and the chronicity of this inflammatory disease. The cellular composition 

of arthritic joints is a topic of interest of many investigators in man 

as well as in animal models. Human arthritis has been shown to express 

characteristics of a delayed type hypersensitivity (DTH) reaction in which 

T cells are in close contact with class II positive cells (1). The antigen 

induced arthritis (AlA) model in the rat, mouse or rabbit is a model that 

is frequently used. In the murine model, the animals are immunized by a 

protein antigen emulsified in Complete Freund's adjuvant (CFA). Several 

weeks later the animals are challenged with the same antigen. In the case 

of a cationic antigen, such as methylated bovine serum albumin (mBSA), this 

treatment results in a chronic joint inflammation (2). 

By transfer studies this phenomenon has been shown to be T cell mediated 

(3). As the cationic antigen is retained to the negatively charged cartilage 

structures, T cells in the inflammatory infiltrate might persist in the 

knee joint, resulting in a chronic inflammation (4). Flare-up phenomena 

in these inflammations may be provoked by a second (local, intravenous or 

oral) administration of the antigen (S-7). 

Recently, we have shown that comparable joint inflammations could also 

be induced by local inoculation of cloned mBSA specific T cells of the helper 

phenotype and the antigen mBSA (8,9). These joint inflammations also showed 

flare-up reactions after a second local administration of mBSA. By making 

use of this model the functional importance of T cells could be clearly 

demonstrated during the induction and the flare-up reactions in AlA. 

In the present study we investigated the histological and immunohisto

chemical appearance of the joint inflammations in this well defined model. 

Histological examination revealed a predominantly granulocytic infiltrate 

along with smaller numbers of histiocytes and lymphocytes. For immunohisto

chemical analysis of the induced joint inflammations we adopted a method 

of tape attached sections of total unfixed, undecalcified knee joints 

(10). Monoclonal antibodies against T cells (Th and Tcjs), B cells, Ia 

antigen and macrophages were used. During flare-up reactions the infil

trates showed T cells predominantly of the helper phenotype, few B cells, 

and a large number of cells that expressed Ia antigens. 
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MATERIALS AND METHODS 

Mice 

Female C57BL/Ka mice were used that were obtained from Bomholtgard, Ry, 

Denmark or from our own breeding stock. 

Cloned T cells 

The production of the cloned MT4+,Lyt-2- T cells and the culture condi

tions optimal for these T cells have been described previously (8,11). 

Induction of arthritis and flare-up reactions 

Arthritis was induced as qescribed before (8,9). Briefly, 3 x 105 or 5 

x 105 mBSA specific MT4+,Lyt-2- cloned T cells were injected intra-arti

cularly 0.5 - 1 hour after the injection of 30 ~g of the antigen mBSA into 

the right knee joint and the irrelevant control antigen ovalbumin (OVA) 

into the left knee joint. Flare-up reactions were induced by a repeated 

local injection of the same amount of the antigens two weeks later. 24 Hours 

after the induction of joint inflammation or flare-up reaction the inflamma

tion was quantified by the 99mTechnetium-uptake method described by Kruysen 

et al. (12). The inflammatory swellings were expressed as the specific 

increase of knee thickness which was designated as ([Technetium uptake 

right joint - Technetium uptake left joint)/ Technetium uptake left joint) 

X 100%. 

Histology 

24 Hours after induction of joint inflammation or flare-up reaction the 

right and the left knee joints of the mice were removed in toto. Similarly 

the knee joints were removed from mice that had a waned joint inflamma-

tion 14 days after induction of the inflammation and that did not receive 

a second challenge with the antigens. The dissected joints were fixed in 

formaldehyde/methanol and subsequently embedded in methyl-methacrylate as 

described previously (13). Sections of 3 ~m thickness were stained by 

Giemsa. The sections of representative mice were examined by two independent 

investigators. The numbers of the various cell types in the infiltrates 

were determined at a total magnification of 400-800 times using a counting 

grid in which a total of 100 cells was counted. This was done in 3 (first 

induction) or 4 (flare-up) separate levels of the joint. The arithmic 
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mean of the counts of these levels was calculated. Each section was examined 

in three different regions indicated in Fig. 1. 

o- patella 

femur 

meniscus 

tibia 

Fig. 1. Schematic presentation of a cross-section of a mouse knee joint 
showing the location of the regions in which the quantification of the 
various cell types was performed. 

Table 1 

Monoclonals used for the immunohistochemical characterization. 

Monoclonal Antigen Specificity Reference 
antibody 

59AD2.2 Thy-1 T lymphocytes, stem cells 15 
myeloid progenitors 

MT4 CD4 Th cells 16 

Lyt-2 CDS Tcjs cells 15 

Ra3-6B2 B220 B lymphocytes 17 

M5/114 I-Ab/d/q, I-Ed/k I a 18 

F4j80 F4/80 macrophages 19 
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Immunohistochemistry and monoclonals 

Cryostate sections (8 ~tm) of the total. unfixed, not decalcified knee 

joints were made using a Bright cryostate with a tungsten carbide tipped 

knife. The sections were attached to adhesive tape as has been described 

before (10,14), attached to slides, fixed for 7 seconds in acetone (analy

tical grade, Merck, Darmstadt, FRG) and air dried. Subsequently the slides 

were incubated with one of the monoclonal antibodies listed in Table 1 during 

45 min at 4°C. Undiluted cell culture supernatants were used. Negative 

control slides were incubated with phosphate-buffered saline (PBS) pH 7.4 

with 0.2% bovine serum albumin (BSA) only. The slides were washed with 

the same PBS and incubated in the second step with peroxidase labelled 

rabbit anti-rat-Ig (Dakopatts, Copenhagen, Denmark) diluted 1:40 in PBS 

containing 0.2% BSA and 1% normal rnouse'serum. Peroxidase activity was 

visualised by incubation with 3,3'-diaminobenzidine-tetrahydrochloride 

(DAB, Sigma, St. Louis, USA). 0.5 mg/ml DAB was used in Tris-HCl buffer 

(pH 7.6) supplemented with 0.03% H202. The slides were counterstained 

with haematoxylin and embedded in glycerin/gelatin. In these sections the 

staining by the monoclonals used was easily distinguished from the endogenous 

peroxidase activity as the monoclonals showed::.,a .clear membrane or cyto

plasmic staining ~hereas the granulocytes ds J.;result of endogenous peroxi

dase activity appeared as dark brown dots. Therefore, no attempt was made 

to block endogenous peroxidase activity. 

RESULTS 

Joint inflammations in C57BL/Ka mice were induced by local injection 

of 3 x 105 or 5 x 105 syngeneic, mBSA specific cloned T cells. 0.5 - 1 

Hour before injection of the cloned T cells 30 Jtg mBSA had been injected 

in the right knee joint and 30 ~g OVA into the left knee joint. Fourteen 

days later in a part of these mice a flare-up reaction was provoked by 

injection of 30 Jtg of the same antigens. The specific increase in knee 

thickness due to the inflammatory reactions are shown in Table 2. 

The joints of the mice of experiment a. were histologically examined, 

whereas the joints of the mice of experiment b. were used for immunohisto

chemical investigation. 
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Table 2 

Specific increase of knee thickness (± SEM) of the mice used for histological 
and immunohistochemical examination. 

Expt. Injected 

a. R: 5xl05 mBSA clone+30 Jtg mBSA 
L: 5xl05 mBSA clone+30 Jtg mBSA 

b. R: 3xl05 mBSA clone+30 Jtg mBSA 
L: 3xl05 mBSA clone+30 Jtg mBSA 

24 hours 
after 

induction 

41.0 ± 2.6 

56.3 ± 4.7 

14 days 
after 

induction 

2.1 ± 2.0 

11.7 ± 2.3 

24 hours 
after flare-up 

induction 

21.5 ± 4.2 

23.5 ± 4.0 

Experiment a. was the experiment of which the histological appearance is 
presented in Figs. 2 and 3; experiment b. was immunohistochemically investi-
gated and is shown in Fig. 4. 

Histopathology 

The mean numbers of the various cell types counted in the sections of 

the joints 24 hours after induction of the inflammation and 24 hours after 

induction of the flare-up reaction are shown in Fig. 2. It demonstrates 

that both the infiltrates in the initial inflammation and in the flare-up 

reaction were mainly granulocytic. 

In the initial inflammation fibroblasts were found in a higher percen

tage in the region that was next to the menisci (region 3) than in the 

joint space between patella and femur (region 1). In region 3 infiltration 

of the surrounding muscles by the inflammatory cells was found. Basophils 

and mast cells were only observed in regions 2 and 3. Not a single mast 

cell was observed in region 1. Fibrin-like deposits were found in region 

1. Plasma cells were not observed in these infiltrates. 

During flare-up reaction relatively more fibroblasts were found in 

region 3 than during the initial joint inflammation. Moreover, region 1 

tended to contain more histiocytes in the flare-up reaction. Fig. 3a shows 

the inflammatory infiltrate in the right knee at 24 hours after induction 

of the inflammation. Fig. 3b shows a similar site 24 hours after induc

tion of a flare-up reaction. The flare-up infiltrate is shown in more 

detail in Figs. 3c and 3d. 

The very limited infiltrate 14 days after induction of the joint in-
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flammation precluded reliable quantification of the different cell types. 

This infiltrate consisted of fibroblasts, histiocytes, some lymphocytes and 

mast cells. This is shown in Fig. 3e. 
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~- Scores of the various cell types upon examination by two independent 
investigators of (a) the inflammatory infiltrate 24 hours after the induction 
of inflammation by injection of 5 x lOS mBSA specific cloned T cells and 
30 ~g of mBSA; and (b) 24 hours after the induction of a flare-up reaction 
after a rechallenge with 30 ~g mBSA. The arithmatic mean of the counts of 
3 or 4 levels ± SEM are presented. 
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~- Histological appearance of Giemsa stained methyl-methacrylate 
sections of the right knee joint of a mouse (a) 24 hours after injection 
of 5 x 105 mBSA specific cloned T cells and 30 ~g of mBSA, 5 x; (b) 24 hours 
after induction of a flare-up reaction by rechallenge with 30 ~g mBSA S x; 
(c) detail of b., SOx; (d) detail of c., 200 x and (e) 14 days after induc
tion of joint inflammation as described in a., SOx; F is femur, arrows 
indicate mast cells. 
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The left knee joints of the mice served as a control as the cloned T 

cells were injected there together with the non-crossreacting antigen 

ovalbumin. No inflammatory reaction was found in these control knee joints 

(data not shown). 

24 Hours after the initial joint inflammation no cartilage destruction 

or hyperplasia of the synovial lining was obs~.rved. 13 Days later some 

cartilage destruction was founq, while the synovial lining was swollen, 

with focal synovial cell hyperplasia. The surrounding bone showed an in

creased remodeling activity. 

Immunohistochemistry 

The staining pattern produced by the monoclonal antibodies used (Table 

1) was analysed at 24 hours and 14 days after induction of the initial 

joint inflammation and 24 hours after induction of the flare-up reaction. 

Generally, the staining patterns after the initial induction of joint 

inflammation and in the flare-up reaction were much alike. 

During flare-up several Thy-1 positive cells were present in the joint 

space (Fig. 4a), mainly in region 3 as defined in Fig. 1 and in the region 

where the menisci were located. In the joint space between patella and 

femur almost no Thy-1 positive cells were observed. Upon further examination 

the T cells appeared to be predominantly MT4-positive (i.e. helper phenotype) 

(Fig. 4b), while only a few Lyt-2 positive cells (i.e. cytotoxic/suppressor 

cell phenotype) were found (Fig. 4c). The T cells were not observed in the 

synovial lining. Ia positive cells, determined by the monoclonal antibody 

MS/114 were found throughout the infiltrate (Fig. 4d). Occasionally cells 

of the synovial lining were found to be Ia positive. F4/80 positive cells 

were scattered throughout the infiltrate and were also present within the 

synovial lining membrane (Fig. 4e). Only a few B cells, positive for the 

monoclonal Ra3-6B2 were found (not shown), but they were hard to discriminate 

as this monoclonal antibody gave a considerable background staining. Clusters 

of T cells (mostly Th with some Tc/s) in combination with Ia positive cells 

and macrophages were found, with some tendency for perivascular localization. 

The small infiltrate at 14 days after induction of the inflammation was 

mainly situated in the region adjacent to the menisci. It consisted predomi

nantly of Th lymphocytes and class II positive cells. At this time the 

synovial lining was almost class II negative. F4/80 positive cells were 

present in the infiltrate and in the synovial lining. 
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Fig. 4. Immunohistochemical appearance of the right knee joint of a mouse 
24 hours after induction of a flare up reaction by a rechallenge with 30 
~g mBSA. The initial inflammation had been induced by injection of 3 x 
105 mBSA specific cloned T cells and 30 ~g mBSA. The cryosections were 
stained by the monoclonals (a) 59AD2.2; (b) MT4; (c) Lyt-2; (d) MS/114; 
and (e) F4/80 (c.f. Table 1). Arrows indicate positive cells. SL is synovial 
lining, C is cartilage. Magnification 50 x. 
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DISCUSSION 

In the first part of this paper we presented the histology of joint 

inflammations and flare-up reactions induced by cloned MT4+Lyt-2- T cells 

and the antigen recognized by the T cell clone. The cellular composition 

of the infiltrate cells in these inflammations was quantified by counting 

cell types in various sections of the joint in different regions. The 

infiltrates observed 24 hours after the initial induction of the joint in

flammation and 24 hours after the flare-up reaction were much alike. In 

both situations granulocytes predominated. Since granulocytes have a short 

lifetime, the infiltrate that is left and is observed 14 days after induc

tion of the inflammation was more histiocytic and characterized by fibrosis. 

Probably after a second administration of the antigen the retained T 

cells in the joints are stimulated again and start to produce lymphokines 

that attract granulocytes again. In the flare-up reaction somewhat more 

histiocytes and fibroblasts were found probably as the result of the longer 

existing inflammation. In the flare-up reaction we observed some cartilage 

destruction with a 'ruffled' appearance. This cartilage destruction was 

not described in our previous papers (8,9). Probably the cartilage destruc

tion depends on the intensity of the inflammation during the initial induc

tion stage. 

Subsequently we investigated the immunohistochemistry of the joint 

inflammations induced by the cloned helper T cells and the antigen. Also 

in this examination the inititial inflammation and the flare-up reaction 

were much alike. Quite a few T cells were observed, predominantly of the 

helper phenotype. Experiments are in progress using Thy-1 congenic mice 

to investigate how many of these T cells belong to the cloned T cells 

that we injected into the joint or are derived from them. The number of T 

cells that we observed after immunohistochemical staining was higher than 

the number of lymphocytes that we determined histologically. So, probably 

we underestimated the number of lymphocytes in the latter study. 

The !a expression on various cell types was superfluous and the synovial 

lining contained !a positive cells as well. This !a expression is probably 

due to the release of gamma-interferon by the cloned MT4+,Lyt-2- T cells 

(20). F4/80 positive cells, were scattered throughout the infiltrate. 

Cells of the synovial lining were also stained by F4/80. We were unable 

to discriminate between the type I, II, and III cells in the synovium as 
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defined by Burmester (21) and studied by Dijkstra et al. in the AlA model 

in the rat (10), as we did not apply monoclonal antibodies specific for 

these subpopulations. We assume that the F4/80 monoclonal antibody mainly 

stains the type I (macrophage-like) cells of the synovial lining. 

Clusters of cells were found at several places in the infiltrate in 

which T cells (mainly Th and some Tc), and Ia positive cells were present 

as well as some B cells. In these clusters presentation of antigen probably 

takes place (10). The predominance of helper T cells is in line with the 

data reported in the adjuvant arthritis model (22) and the collagen type 

II model (23) in rats. Furthermore, in the adjuvant arthritis model it 

has been shown that a depletion of the Tc/s cells did not affect the disease 

course. In biopsy specimens or cell suspensions from synovial effusions 

in man a predominance of CDS+ cells has been found (24,25). However, others 

have found predominantly CD4+ cells (26,27). The contradictory results 

probably in part result from the different sites of investigation (28). 

Still the occurrence of CD4+ cells is more in line with the DTH nature 

(1) of arthritis in experimental models as well as in human rheumatoid 

diseases. 

In conclusion, we have shown that injection of cloned T cells of the 

helper phenotype and the corresponding specific antigen can result in a 

joint inflammation that is histologically and immunohistochemically compar

able to the inflammations observed in the AlA model in immunized animals 

(10) and the initial stages of human rheumatoid arthritis (29). Moreover, 

the flare-up reactions of joint inflammations provoked by reintroduction 

of the specific antigen appeared histologically and immunohistochemically 

comparable to the infiltrates of the initial inflammations. Thus in mice 

only T cells and the specific antigen can account for the flare-up reactions 

that resemble the exacerbations occurring in human rheumatic diseases. 
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GENERAL DISCUSSION 

Several studies in human autoimmune diseases and the corresponding 

animal models point to the role of T cells in these diseases. In animal 

models it is shown that T cells can transfer autoimmune diseases such as 

experimental allergic encephalitis (Ben-Nun and Cohen, 1982), uveoretinitis 

(Caspi et al., 1986; Rozenszajn et al., 1986) thyreoiditis (Maron et al., 

1983) and also arthritis (Holoshitz et al., 1983) to naive recipients. In 

view of the subject of this thesis we shall here focus on data on human 

and experimental arthritis. In human arthritis the inflammatory reaction 

resembles a delayed type hypersensitivity (DTH) reaction in which T cells 

co-operate with HLA-DR expressing cells (Klareskog et al., 1982). After 

it became feasible to develop cloned T cell populations and keep them in 

culture for several months or even years (Hengartner and Fathman, 1980; 

von Boehmer and Haas, 1981; Schreier et al., 1982; Sredni, 1982), the 

role that T cells play in such DTH reactions could be studied more thorough

ly. It was found that T cells of the helper phenotype (in mice MT4+,Lyt-2-) 

were capable of inducing DTH reactions (Bianchi et al., 1981). Today it 

is known that two types of helper T cells exist. The Thl population that 

produces IL-2 and ~-Ifn and can mediate DTH reactions and the Th2 popula

tion that produces IL-4 and IL-5 and thereby efficiently helps B cells to 

produce IgGl and IgE (Mosmann et al., 1986; Cher and Mosmann, 1987). 

1. Antigen induced arthritis mediated by T cell clones 

In this thesis the role of T cells in the induction and exacerbations 

of rheumatic diseases was studied using mice as experimental animals. The 

model we used is the antigen induced arthritis (AlA) model, in which we 

made use of cloned Thl cells to evoke joint inflammations. This model 

will be discussed in detail first. 

In the AlA model in mice, the mice are immunized with positively charged 

antigens such as methylated bovine serum albumin (mBSA) or amidated bovine 

serum albumin (aBSA) (Brackertz et al., l977b; van den Berget al., 1984). 

Several weeks later they are challenged with the same antigen. Consequently 
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a chronic joint inflammation develops that resembles human ~heumatoid 

arthritis. An interesting feature of this model is that these joint inflamma

tions can show the so-called flare-up reactions that are comparable with 

the exacerbations in human rheumatic diseases. These flare-up reactions 

take place after a repeated challenge with the homologous antigen by local 

(van Beusekom et al., 1981) or systemic (iv or oral) (van de Putte et 

al., 1983; Lens et al., 1983; 1984a) administration. In the induction of 

joint inflammations (Brackertz et al., 1977a) as well as in the flare-up 

reactions (Lens et al., l984b) T cells are thought to play a pivotal role. 

The idea is that the chronicity of the reaction is due to the persistence 

of T cells in the joint thanks to the persistence of the injected antigen. 

The latter is retained due to charge interactions between the antigen and 

the joint cartilage (van den Berget al., 1984; 1986). In the flare-up 

reaction these T cells most likely respond to the reinjected antigen with 

the production of lymphokines causing a renewed inflammation. As these 

experiments were performed in immunized mice, the role of cellular and 

humoral responses is hard to distinguish. We reasoned that experiments 

with cloned T cells should descriminate between these two possibilities 

and should shed light on the role of T cells in the induction and flare-up 

of joint inflammations. 

In our studies we used T cell clones of the MT4+,Lyt-2- phenotype that 

produced IL-2 and ~-Ifn and mediated DTH (Chapter 2). According to their 

functional properties these clones represent Thl cells after the terminology 

of Mosmann et al. (1986). In most studies we used aT cell clone specific 

for the cationic antigen mBSA. The clones were cultured in serum free 

medium and restimulated with the antigen every 5 or 6 weeks. In between 

the restimulations they were grown on recombinant human IL-2. 

These cloned T cells appeared to be able to mediate joint inflamma

tions that continue for several days when injected into the knee joint in 

combination with the relevant antigen (Chapter 3). The kinetics of these 

joint inflammatory reactions were examined by making use of a 99mTechnetium 

uptake method for the measurement of the joint swelling (Kruijsen et al., 

1981). This method has been shown to correlate well with the inflammation 

as judged by histological examination (Lens et al., 1984a). These joint 

inflammations could also be induced by systemic administration of the 

cloned T cells and local administration of the antigen. In the latter 

case cloned T cells have to migrate to the site of antigen deposition. 
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These are troublesome experiments as cultured T cell populations often 

loose their normal migratory capacities and tend to be retained in the 

lungs and the liver after systemic administration (Dailey et al., 1982). 

The loss of receptors for high endothelial venules (HEV) might account for 

the poor migratory capacity of cultured T cells (Dailey et al., 1985). 

Such HEV can also occur in inflamed joints (Gardner, 1986), although the 

recognition of these HEV by T cells is probably controlled by another 

endothelial cell recognition system than the recognition of lymph node 

HEV (Jalkanen et al., 1986; Schrieber et al., 1987). 

Investigators who make use of cloned T cells for in vivo experiments 

often restimulate their T cells with the antigen before systemic administra

tion (Holoshitz et al., 1984). In our hands this did not improve the arthri

togenicity. 

In our experiments the antigen recognition by the cloned T cells of 

C57BL (H-2b) origin used was H-2I-Ab resticted, i.e. they only recognized 

the antigen when it was presented by antigen presenting cells expressing 

the right (H-2I-Ab) class II antigens. In vivo this resulted in an H-2I-Ab 

restricted induction of inflammatory reactions (Chapters 2 and 3). In mice 

not expressing the right H-2 molecules, this lack of H-2I-Ab could be 

overcome by the addition of syngeneic macrophages to the T cell inoculum. 

In Chapters 5 and 6 we made use of a macrophage cell line, AP284, that 

constitutively expresses I-A molecules and was obtained from a (C57BL/Rij 

x CBA/Rij)Fl (H-2b/q) mouse. 

As we knew that (joint) inflammations could be induced by the cloned 

helper T cells together with the relevant antigen we investigated whether 

these inflammations could also develop flare-up phenomena. As we considered 

these joint inflammations to be essentially based on DTH reactions, the 

first part of this study was performed in a DTH model that has been thorough

ly investigated in our laboratory. In this model DTH reactions are induced 

in the instep of the hind foot of a mouse. Using this model we showed 

that flare-up reactions could be induced by local but also by systemic 

(iv or oral) administration of the antigen (Chapter 2). In joint inflamma

tions flare-up reactions occurred after local administration of the antigen 

(Chapters 3 and 4). Flare-up reactions could not be detected after systemic 

rechallenge with the antigen, which is probably caused by the lower sensi

tivity of the method for measuring knee swelling as compared to the method 

for measuring foot swelling. 
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Subsequently we investigated whether the cloned T cells that we injected, 

and not the T cells of the recipient mice, were responsible for the joint 

inflammations and flare-up reactions. We therefore made use of syngeneic 

athymic nude mice. These nude mice were shown to be indeed capable of 

exhibiting joint inflammation after injection of the cloned helper T cells 

and the antigen. Moreover, they showed flare-up reactions after local 

rechallenge with the antigen (Chapter 4). These results indicate that the 

cloned T cells that were injected into the joints of the nude mice were 

retained there and were still functionally reactive after several weeks. 

Also in studies on contact hypersensitivity it has been shown that antigen 

specific T cells can persist in the skin (Scheper et al., 1983). 

In the AlA model using immunized mice the presence of a persisting 

antigen in the joint is a prerequisite for chronicity and flare-up of the 

inflammation. We were anxious to investigate whether this is also the 

case in our AlA model using cloned T cells. In this model the cloned T 

cells appeared to be able to persist and to keep their functional reactivity 

in a knee joint for several days in the absense of the relevant (Chapter 

4). However, in the presence of the relevant antigen the persistence and/or 

functional reactivity of the T cells was better. 

Histological examination of the joint inflammations (Chapters 3, 4 and 

7) showed that the infiltrates were comparable to those observed in the 

original AlA model using immunized mice. The infiltrates were mainly granulo

cytic, with low numbers of macrophages and few lymphocytes, which is a common 

feature of DTH reactions in rodents (Schreier et al., 1982). The more chronic 

reactions tend to display somewhat more monocytes and fibrosis. The flare-up 

reactions were characterized by a renewed influx of granulocytes along 

with some monocytes and fibrosis. Some cartilage destruction was observed 

in the later stages of the joint inflammations. 

Immunohistochemically the initial joint inflammation and the flare-up 

reaction appeared much alike using an immunoperoxidase method in unfixed 

undecalcified cryosections. Numerous T lymphocytes, mainly of the helper -

phenotype were found. Many MHC class II expressing cells were observed 

amongst others in the synovial lining. Cells staining with macrophage 

markers were found scattered through the infiltrate and in the synovial 

lining. 

In the model system employed an artificial antigen (mBSA) was used, 

but the data presented show that the model shares several characteristics 
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with human rheumatic diseases. In research on rheumatic diseases a central 

question is the nature of the antigen that triggers the immune system to 

cause these lesions. In recent years several interesting studies were 

published dealing with this aspect. We shall discuss some of these data 

hereafter. 

2. Arthritis by bacterial cell wall products 

There are many indications that bacteria might play a role in the etiology 

of rheumatic diseases. Firstly the reactive arthritis that occurs after 

infections with bacteria such as Shigella, Yersinia, Gampylobacter or 

Salmonella (Phillips and Christian, 1985; Toivanen et al., 1985). Klebsiella 

is suspected to be involved in the etiology of ankylosing spondylitis 

(Keat, 1986). Moreover, it has been described that rather frequently joint 

inflammations develop after intestinal bypass surgery in case of obesitas 

(Lancet editorial, 1983). Crohn's disease patients, that suffer from chronic 

gut inflammations have a higher risk to develop joint inflammatory diseases 

(Greenstein et al., 1976). An important question that cannot be answered 

clearly, is whether in these diseases an antigen is carried to the joints. 

A probable source of this antigen is the gut. The role of gut bacteria in 

the etiology of RA has been emphasized (Bennett, 1978; J. Rheumatol. edito

rial, 1987). An interesting observation is that in patients suffering 

from reactive arthritis, ankylosing spondylitis or juvenile chronic arthritis 

strikingly often lesions of the gut are found (Mielants and Veys, 1984; 

Mielants et al., 1987; J. Rheumatol. editorial, 1987). A strong correlation 

between clinical articular inflammation and gut inflammation was reported 

(Mielants et al., 1987). In cases of joint inflammation the permeability 

of the gut is likely increased so that antigens can leak out, enter the 

bloodstream and may be deposited in the joints. 

The presence of the antigen in the joint may be not an absolute necessity. 

This is clear from the studies of the group of Cohen. They explored an 

experimental model in the rat, in which arthritis is induced by complete 

Freund's adjuvant (GFA) which contains Mycobacterium tuberculosis (Holoshitz 

et al., 1983; 1984; Cohen et al., 1985). These investigators showed that 

the arthritis is due to the cross reactivity between an epitope on Myco

bacterium tuberculosis and cartilage. A T cell clone that was isolated 

from an arthritic rat and was arthritogenic in irradiated naive rats appeared 

to recognize cartilage structures (Cohen et al., 1985). Gross reactivity 

131 



involving bacteria has also been shown at the antibody level between Kleb

siella, Yersinia and HLA-B27 (an HLA type that is at risk for reactive 

arthritis and ankylosing spondylitis) (Keat, 1986; Chen et al., 1987). 

Also Streptococci are suspect in the etiology of rheumatic diseases. In 

rats they have been shown to be capable of inducing severe joint inflamma

tions (Cromartie et al., 1977). Moreover, cross reactivities of Strepto

cocci with cardiac valves and connective tissue have been shown (Kaplan 

and Meyeserian, 1962; Sandson et al., 1968). However, in man infections 

of Mycobacteria and Streptococci do not correlate with the occurrence of 

rheumatic diseases. The observation that anaerobic bacteria from the human 

endogenous intestinal flora such as Peptostreptococcus productus (Stimpson 

et al., 1986) and Eubacterium aerofaciens (Severijnen et al., 1988; submit

ted) can induce chronic joint inflammations in rats is probably of greater 

importance. Moreover, from the faeces of normal individuals and RA patients 

soluble peptidoglycan-polysaccharide (PG-PS) complexes have been isolated 

that are likely of bacterial origin. Under certain conditions they can 

also be arthritogenic in the rat (M.P. Hazenberg, personal communication). 

We therefore hypothesize that these PG-PS complexes may be released from 

the gut and induce antigen specific T cell proliferation. These T cells might 

react toward antigens in joints, thereby releasing lymphokines and con

sequently inducing inflammatory lesions. Whether this reactivity is due to 

accumulation of PG-PS complexes in the joints or based on cross reactivity 

is at present unclear. 

In the streptococcal model and in the model that uses endogenous human 

gut bacteria it has not been feasible yet to transfer the disease to naive 

recipients. Maybe this indicates that the antigen has to be present in 

the joint. It may well be that exacerbations occur when antigen reactive 

T cells are already present in the joint and new antigen from the gut is 

deposited in the joint so that the T cells are reactivated and consequently 

cause an exacerbation. 

There is also evidence for a relationship between bacterial products 

and rheumatoid factors (RF). It has been show~ that RF recognize the same 

epitopes on the Fe part of the IgG molecule as bacterial proteins such as 

protein A do (Weisbart et al., 1987). The idea is that antibodies directed 

against this type of molecules are the RF, or that the antibodies of the 

anti-idiotypic response against the antibodies recognizing this sort of 

molecules are the RF (Weisbart et al., 1987). It has to be investigated 

132 



whether bacterial cell wall preparations as discussed above are capable 

of inducing RF as well. 

In MRL/lpr mice, which spontaneously develop autoimmune diseases among 

which arthritis, spontaneous production of RF occurs (Hang et al., 1982). 

In these mice it has been shown that the RF are not due to polyclonal 

stimulation of B cells but caused by stimulation with an antigen (Schlomchik 

et al., 1987). This can be concluded from the fact that in MRL mice RF 

are oligoclonal or even monoclonal and harbour numerous somatic mutations. 

Some investigators have found that a clonal dominance exists in T cell 

receptor (TCR) usage in human rheumatic synovium lymphocytes (Savill et 

al., 1987; Stamenkovic et al., 1988). This probably also indicates a recog

nition of an exogenous or autologous antigen in contrast to polyclonal 

stimulation of the T cells. 

A molecule that has been studied extensively in this context is the 65 

kD protein of Mycobacterium tuberculosis (van Eden et al., 1985; 1987; 

1988). This protein contains the epitope that is recognized by the Myco

bacterium tuberculosis specific T cell clone that is arthritogenic in 

rats and that also recognizes cartilage structures (van Eden et al., 1985). 

It is noteworthy that HLA-DR4+ individuals (that have a higher risk to 

develop rheumatoid arthritis) are high responders for this particular antigen 

(Ottenhof et al., 1986). Holoshitz et al. (1986) and Reset al. (1988) 

have found that in early chronic arthritis T cells from the synovial fluid 

display an increased proliferative response upon stimulation with the 

antigen which subsides later on and than can be shown in the PB. CD4-CD8-

T cell clones reactive to Mycobacterium tuberculosis have been isolated 

from the synovial fluid of RA patients (Holoshitz et al., 1988). The 65 

kD protein was shown to be a heat shock (HS) protein (Shinnick et al., 

1988), a protein that is produced by many bacterial species. It is an 

intriguing question whether there is also a relationship between the HS 

proteins and the bacterial extracts that are used in the streptococcal 

model and the models using endogenous gut bacteria. This is even more 

relevant as it has been recently found that a monoclonal antibody that 

recognizes the epitope of the 65 kD protein of Mycobacterium tuberculosis 

that is seen by the arthritogenic rat clone also recognizes the PG-PS 

structures that can be isolated from the human faeces (M.P. Hazenberg and 

J. van Embden, personal communication). 
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3. Autoreactivity 

Next to the increasing evidence for the involvement of bacterial antigens 

in human rheumatic diseases there is also evidence for the recognition of 

autoantigens. Schlesier et al. (1984; submitted) have found autoreactive 

T cell clones directed against the own HLA structures in a patient suffering 

from reactive arthritis after Yersinia infection. On the antibody level 

cross reactivity has been shown between HLA-B27 and Yersinia (Chen et 

al., 1987). There seems to be an incompatibility in the results that em

phasize the importance of infectious agents such as bacteria and viruses 

at the one hand (Saag and Bennett, 1987) and the results that show autoreac

tivity at the other. Since viral infections may modify auto-antigens it 

can be speculated that such modified autoantigens are recognized as foreign. 

An explanation can be sought in recent evidence that the MHC molecules 

in vivo always contain peptide molecules (Townsend and McMichael, 1987; 

Robertson, 1988). These are peptides from own body structures but specula

tively could also consist of fragments of bacterial cell wall complexes, 

e.g. from bacteria of the intestinal flora that might preferentially accu

mulate in certain organs. That large molecules from the gut content can 

indeed pass the gut wall and enter the bloodstream has been shown for 

lipopolysaccharides (Jacob et al., 1977). The existence of organ specific 

polypeptides has been reported (Steinmuller, 1984). Since the induction 

of tolerance against self molecules is thought to take place in the thymus 

(Kappler et al., 1987), only self peptides that are expressed in the thymus 

will induce tolerance. When these organ specific peptides do not enter the 

thymus, tolerance for these particular peptides is not induced, leaving 

the possibility that under certain circumstances organ specific autoimmuni

ties will develop, e.g. after an infection causing the entrance of large 

amounts of bacterial cell wall molecules into the bloodstream. In this way 

these molecules may trigger antigen specific T lymphocytes to produce an 

inflammation. Similarly, antigens from the gut may account for the exacerba

tions in rheumatic diseases. 
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SUMMARY 

The etiology of rheumatoid arthritis (RA) and the exacerbations and 

remissions that occur in this disease are largely unknown. Several animal 

models have been developed to study the pathogenetic processes that are 

involved in this disease. There is ample evidence that the immune system 

plays an important role. 

The purpose of the investigations for this thesis was to increase insight 

into the role of T cells in the pathogenesis of rheumatic diseases. The model 

used in these studies was the antigen induced arthritis (AIA) model in 

mice. In this model mice are immunized by protein antigens emulsified in 

Complete Freund's adjuvant (CFA). Several weeks later a dose of the same 

antigen is injected in the knee joint whereafter the mice develop a joint 

inflammation. When a positively charged antigen is used, the course of the 

joint inflammation is chronic. Such chronic joint inflammations can show 

flare-up reactions (exacerbations) when the antigen is administered again. 

This can be done locally, but also systemically (intravenously (iv) or 

orally). 

It is assumed that in AIA the joint inflammations are chronic due to the 

retention of antigen specific T cells in the joint. This retention is 

dependent on the presence of small amounts of antigen in the joint. It is 

important that positively charged antigens are used as these are better 

retained by the negatively charged cartilage structures. These T cells 

mediate flare-up reactions after repeated administration of the antigen. 

Antigen specific antibodies are thought to be of minor importance. 

Several years ago it has been shown that T cell clones of the helper 

phenotype can cause delayed type hypersensitivity (DTH) reactions when 

injected into the instep of the foot of a syngeneic mouse together with 

the antigen. This type of inflammatory reaction is thought to be involved 

in the joint inflammations in the AIA model as well as in human RA. 

To study the role ofT cells in joint inflammations, we produced T 

cell clones with the helper phenotype (MT4+,Lyt-2-) and specific for the 

positively charged antigen methylated bovine serum albumin (mBSA). The 
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studies that have been performed using one of these mBSA specific T cell 

clones are described in this thesis. Therefore the original AlA model was 

modified. The aim of our studies was to investigate (a) whether it is 

possible to induce, in naive mice, joint inflammations by cloned helper T 

cells together with the antigen and, if s0, what the characteristics of these 

joint inflammations are; (b) whether it is possible to evoke flare-up 

reactions of chronic joint inflammations that are induced by cloned helper 

T cells and the antigen by repeated administration of the antigen and, if 

so, what the characteristics of these flare-up reactions are. 

As we believe that DTH reactions play an important role in the patho

genesis of joint inflammatory diseases and their flare-up reactions, we 

first investigated whether D1H reactions that are evoked in the foot of a 

mouse by injection of cloned mBSA specific helper T cells and mBSA are 

capable of showing flare-up reactions. In Chapter 2 it is shown that this 

is indeed the case after local (sc) as well as after systemic (oral or 

iv) administration. In Chapter 3 we show that it is also possible to induce 

joint inflammations by local administration of the cloned helper T cells 

and the antigen. This was feasible after local (ia) administration of the 

T cells and the antigen, but also after systemic (iv or oral) administration 

of the T cells and ia administration of the antigen. These inflammatory reac

tions were measured by a 99mTechnetium uptake method and were confirmed 

histologically. These joint inflammations were capable of showing flare-up 

reactions after repeated ia injection of the antigen (Chapters 3 and 4). 

Subsequently we investigated whether these joint inflammations and 

flare-up reactions were indeed caused by the cloned T cells that were 

administered and not by T cells of the recipient mice. We therefore used 

T cell deficient athymic nude mice. These mice also exhibited joint inflamma

tions after administration of cloned T cells and the antigen and were 

capable of showing flare-up reactions as well. This indicates that T cells 

of the recipient mice are not required for these inflammations and their 

flare-up reactions. These experiments are described in Chapter 4. 

In chronic joint inflammations T cells are thought to be retained in 

the joint when the antigen that they recognize persists there. We inves

tigated whether this was also the case in our system in which cloned T 

cells were injected locally. In Chapter 4 it is shown that the cloned T 

cells can remain functionally reactive in a joint in the absence of the 

antigen. However, in the case that the antigen is present in the joint, 

140 



the T cells display a higher reactivity as judged from their capacity to 

evoke a joint inflammation. 

The histological and immunohistochemical characteristics of the joint 

inflammations and flare-up reactions are described in Chapter 7. These 

reactions are mainly granulocytic and do not appear differently from the 

joint inflammations and flare-up reactions observed in mice that are immu

nized with antigen emulsified in CFA and that subsequently are ia challenged. 

The mBSA specific cloned helper T cells that we used were obtained 

from a C57BL/6 mouse and are H-21-Ab restricted in their antigen recognition. 

This is also clear from the smaller capacity to induce inflammations in 

recipient mice unless H-21-Ab is expressed by the recipients (Chapters 2 

and 3). This emphasizes the importance of the antigen presenting cell in 

this process. In Chapters 5 and 6 a macrophage tumor cell line (AP284) is 

presented that constitutively expresses H-21-Ab and can efficiently present 

antigen in vitro to the cloned T cells used. This cell line was also capable 

of antigen presentation in vivo since local injection of the cloned helper 

T cells, AP284 cells and mBSA in an allogeneic mouse caused an inflammatory 

reaction. This was found in DTH (Chapter 5) as well as in the modified 

AlA model (Chapter 6). The power of this approach is that in this system 

both the T cell population and the antigen presenting cell population are 

monoclonal, so that the system is open to a more in-depth analysis of the 

inflammatory process. 

The results presented in this thesis emphasize the importance of helper 

T cells in the pathogenesis of rheumatic diseases and indicate that helper 

T cells may play a central role in the induction of these diseases as 

well as their exacerbations. 
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SAMENVATTING 

De etiologie van rheumatoide arthritis (RA) en de exacerbaties en remis

sies die hierbij optreden, zijn grotendeels onbekend. Een aantal proef

diermodellen zijn ontwikkeld voor de bestudering van de pathogenetische 

processen die hierbij gaande zijn. Er zijn er vele aanwijzingen dat het 

immuunsysteem hierin een grote rol speelt. 

Het doel van het onderzoek voor dit proefschrift was om het inzicht te 

vergroten in de mogelijke rol van T cellen in de pathogenese van rheumatische 

ziekten. Het model dat in deze studies gebruikt werd is gebaseerd op het 

antigeen geinduceerde arthritis (AlA) model in muizen. In dit model worden 

muizen geimmuniseerd met eiwitantigenen geemulgeerd in compleet Freund's 

adjuvant. Enige weken later wordt een dosis van hetzelfde antigeen in het 

kniegewricht geinjecteerd, waarna de muizen een gewrichtsontsteking ontwikke

len. Deze gewrichtsontstekingen hebben een chronisch verloop als positief 

geladen eiwitantigenen worden gebruikt. Een dergelijke chronisch verlopende 

gewrichtsontsteking kan weer opvlammen (exacerberen) als het antigeen 

opnieuw wordt toegediend. Dit kan zijn na opnieuw lokaal toedienen in het 

gewricht, maar ook na systemische toediening (intraveneus (iv) of oraal). 

In het AlA model gaat men er van uit dat deze gewrichtsontstekingen 

chronisch zijn omdat de antigeenspecifieke T cellen in het gewricht retine

ren zolang kleine hoeveelheden van het antigeen in het gewricht aanwezig 

zijn. Het is daarom van belang dat positief geladen antigenen worden ge

bruikt, aangezien deze retineren in het negatief geladen kraakbeen. De T 

cellen die in het gewricht retineren geven bij het opnieuw toedienen van 

antigeen aanleiding tot een opvlammingsreactie. Hierbij zouden antigeenspeci

fieke antilichamen een ondergeschikte rol spelen. 

Een aantal jaren geleden is aangetoond dat gekloneerde T cellen met 

het helper fenotype, wanneer deze samen met het antigeen worden geinjecteerd 

in de wreef van een muizepoot, aanleiding geven tot een vertraagd type 

overgevoeligheids (DTH) reactie. Dit soort reacties worden gedacht betrokken 

te zijn bij gewrichtsontstekingen in het AlA model en ook in humane RA. 

Om de rol van T cellen in de gewrichtsontstekingen van AlA te kunnen 
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bestuderen, werden T eel klonen met het helper fenotype (MT4+,Lyt-2-) 

geprodueeerd, speeifiek voor het positief geladen antigeen gemethyleerd 

bovine serum albumine (mBSA). De studies die met een van deze mBSA speeifieke 

T eel klonen zijn verrieht worden in dit proefsehrift besehreven. Daartoe 

werd het oorspronkelijke AlA model gemodifieeerd. Het doel van onze studies 

was te onderzoeken of (a) het mogelijk is om met gekloneerde helper T 

eellen samen met het antigeen in overigens onbehandelde muizen gewriehts

ontstekingen te indueeren, en zo ja, wat hiervan de karakteristieken zijn; 

(b) of het mogelijk is om gewriehtsontstekingen die geindueeerd zijn door 

toediening van gekloneerde helper T eellen en het antigeen te laten opvlammen 

door een herhaalde toediening van het antigeen, en zo ja, wat de karakte

ristieken van deze opvlammingsreaeties zijn. 

Omdat wij ervan uit gaan dat DTH reaeties een grote rol spelen in ge

wriehtsontstekingen en de opvlammingsreaeties daarvan, hebben wij eerst 

onderzoeht of een DTH reaetie die geindueeerd was in een muizepoot d.m.v. 

mBSA speeifieke gekloneerde helper T eellen en mBSA ook in staat was om weer 

op te vlammen. Hoofdstuk 2 laat zien dat dit inderdaad het geval is, zowel 

na lokale intra-artieulaire (ia) als na systemisehe (iv of orale) toedie

ning. In hoofdstuk 3 laten wij zien dat het ook mogelijk is om gewriehts

ontstekingen te indueeren door toediening van de gekloneerde helper T 

cellen en het antigeen. Dit was mogelijk zowel door lokale, (ia) toediening 

van T cellen en antigeen, als door systemische toediening van T eellen en 

ia injeetie van het antigeen. De ontstekingsreacties werden gemeten met 

een 99mTeehnetium opname methode en werden histologisch bevestigd. Deze 

gewrichtsontstekingen bleken in staat opvlammingsreaeties te vertonen na 

een hernieuwde lokale injeetie van het antigeen (hoofdstuk 3 en 4). Vervol

gens onderzoehten wij of de gewriehtsontstekingen en opvlammingsreaeties 

inderdaad veroorzaakt werden door de toegediende gekloneerde T cellen en 

niet door de T cellen van de ontvangende muizen. Wij maakten daarom gebruik 

van T eel defieiente, thymusloze 'naakte' muizen. Ook deze muizen bleken 

na toediening van gekloneerde T eellen en het antigeen gewriehtsontstekingen 

te ontwikkelen en opvlammingsreacties te kunnen vertonen. Dit wijst er op 

dat T eellen van de ontvangende muis niet noodzakelijk zijn voor deze 

ontstekingen. Deze experimenten worden beschreven in hoofdstuk 4. 

In een ehronisehe gewriehtsontsteking worden de T eellen gedaeht te 

retineren in een gewrieht als het antigeen dat zij herkennen daar persis

teert. Wij onderzochten of dit ook het geval was in ons systeem waarin de 
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gekloneerde T cellen lokaal worden toegediend. In hoofdstuk 4 wordt aange

toond dat de T cellen ook enige tijd functioneel reactief kunnen blijven 

in een gewricht in de afwezigheid van het antigeen. In het geval dat dit 

antigeen wel aanwezig is in het gewricht vertonen de T cellen een groter 

vermogen om een gewrichtsontsteking te ontwikkelen. 

De histologische en immunohistochemische karakteristieken van de ge

wrichtsontsteking en opvlammingsreactie worden beschreven in hoofdstuk 7. 

Deze reacties zijn voornamelijk granulocytair van karakter en wijken niet 

af van de reacties zoals deze gezien worden bij muizen die een gewrichts

ontsteking ontwikkeld hebben na immunisatie met antigeen in CFA en een ia 

challenge. 

De mBSA specifieke gekloneerde helper T cellen die wij gebruiken zijn 

afkomstig van een C57BL/6 muis en zijn H-21-Ab gerestricteerd in hun antigeen 

herkenning. Dit komt tot uiting in het verminderde vermogen van deze geklo

neerde T cellen om ontstekingsreacties op te wekken in muizen die geen 

H-21-Ab tot expressie brengen (hoofdstuk 2 en 3). Dit benadrukt het belang 

van de antigeen presenterende eel deze processen. In hoofdstuk 5 en 6 

wordt een macrofaag tumorcellijn (AP284) gepresenteerd die constitutief 

H-21-Ab tot expressie brengt en die in vitro efficient antigeen kan presen

teren aan de gekloneerde T cellen. Deze lijn was ook in staat tot antigeen

presentatie in vivo. Locale injectie van gekloneerde helper T cellen, 

AP284 cellen en mBSA in een allogene muis veroorzaakte een ontstekingsreac

tie. Dit werd gevonden zowel in DTH (hoofdstuk 5) als in het gemodificeerde 

AlA model (hoofdstuk 6). De kracht van deze benadering is dat in dit systeem 

zowel de T eel populatie als de antigeen presenterende celpopulatie mono

klonaal is, zodat dit systeem open staat voor meer diepgaande studies van 

het ontstekingsproces. 

De resultaten die in dit proefschrift worden gepresenteerd benadrukken 

het belang van helper T cellen in de pathogenese van rheumatische ziekten 

en laten zien dat helper T cellen een belangrijke rol kunnen spelen zowel 

in de inductie van deze ziekten als in hun exacerbaties. 

145 





13 februari 1958 

juni 1976 

september 1979 

april 1983 

april 1983 

CURRICULUM VITAE 

Geboren te Voorburg. 

Eindexamen Gymnasium-fi 

O.S.G. Voorburg-Leidschendam. 

Kandidaatsexamen Biologie, B4 

Rijksuniversiteit Leiden. 

Doctoraalexamen Biologie 

Rijksuniversiteit Leiden 

Hoofdvak: Biochemie, 

Prof. Dr. R.A. Schilperoort, Leiden. 

Bijvakken: Experimentele plantkunde, 

Prof. Dr. A. Quispel, Leiden. 

Tumorimmunologie, 

Prof. Dr. A.G. Drogendijk, Rotterdam. 

Lerarenopleiding, le graads Biologie, Leiden. 

Aanvang promotieonderzoek op de afdeling Gelbiologie, 

Immunologie en Genetica, Erasmus Universiteit Rotterdam, 

bij Prof. Dr. R. Benner. Tijdens dit onderzoek werd 

enige weken gewerkt bij Sandoz Ltd, Basel, bij Dr. M.H. 

Schreier. 

147 





LIST OF PUBLICATIONS 

Hille, J., I.S. Klasen and R.A. Schilperoort. Construction of R prime 

plasmids, carrying different segments of an octopine Ti plasmid from 

Agrobacterium tumefaciens for complementation of vir genes. Plasmid 

7:107-118, 1982. 

Hille, J., J. van Kan, I.S. Klasen and R.A. Schilperoort. Site-directed 

mutagenesis in Escherichia coli of a stable R772::Ti conjugate from 

Agrobacterium tumefaciens. J. Bacterial. 154:693-701, 1983. 

Klasen, I.S., I.G. Donselaar, R.M.T. Ladestein, W.B. van den Berg and R. 

Benner. Joint inflammations and flare-up reactions in mice induced by 

a helper T cell clone. Agents Actions 19:331-334, 1986. 

Klasen, I.S., Th.H. van der Kwast, I.G. Donselaar, R.M.T. Ladestein and 

R. Benner. Flare-up of delayed-type hypersensitivity initially induced 

by murine cloned helper T cells. Cell. Immunol. 108:235-241, 1987. 

Klasen, I.S., R.M.T. Ladestein, I.G. Donselaar, W.B. van den Berg, R. 

Tees and R. Benner. Joint inflammations in mice induced by a MT4+ Lyt-

2- T cell clone. Characteristics and flare-up reactions. J. Immunol. 

139:3275-3280, 1987. 

Klasen, I.S., R.M.T. Ladestein, W.B. van den Berg and R. Benner. Flare-

up of joint inflammations induced by cloned helper T cells. Agents Actions 

23:69-73, 1988. 

Van den Elzen, J.H.M., M.F. van den Broek, I.S. Klasen and W.B. van den 

Berg. Stimulation of antigen-specific murine T cell clones in vitro with 

antigen-pulsed adherent cells fixed to a carrier. J. Immunol. Meth. 

112:15-22, 1988. 

Klasen, I.S., R.M.T. Ladestein, W.B. van den Berg and R. Benner. Requirements 

for flare-up reactions of joint inflammations in mice induced by cloned 

MT4+,Lyt-2+ T cells. Arthritis Rheum., in press. 

Klasen, I.S., R.M.T. Ladestein and R. Benner. Joint inflammations induced 

by a mature macrophage cell line and cloned MT4+,Lyt-2- T cells in 

allogeneic mice. Agents Actions, in press. 

149 



Klasen, I.S., J.P. de Jong, J.S.A. Voerman, R.M.T. Ladestein, P.J.M. Leenen 

and R. Benner. Murine macrophage line AP284 presents antigen to cloned 

T cells in vitro and in vivo. Immunobiology, in press. 

Klasen, I.S., R.M.T. Ladestein and R. Benner. Joint inflammation in mice 

by an MT4+,Lyt-2- T cell clone and an !a-positive macrophage cell line 

and requirements for the induction of flare-up reactions. J. Cell. 

Biochem., in press. 

Klasen, I.S., R.M.T. Ladestein, A.A. Grandia, Th.H. van der Kwast and R. 

150 

Benner. Histological and immunohistochemical characterization of joint 

inflammation and flare-up reactions induced by cloned MT4+,Lyt-2- T 

cells. Submitted for publication. 



DANKWOORD 

Hoewel het eigenlijk een onrnogelijke opgave is om in een a twee bladzijden 

duidelijk te maken hoeveel mensen een rol gespeeld hebben bij het tot stand 

komen van dit proefschrift, zal ik hier toch een paging wagen. 

Vanaf het allervroegste begin was er al de stimulerende invloed van mijn 

ouders, die mij ondanks hun twijfels (over het nut hiervan voor de toekomst) 

lieten studeren en steeds probeerden te begrijpen waar ik mee bezig was 

(dikke muizeknieen ??!). Wat later kwam Ad daarbij die gelukkig begreep 

dat studeren en later onderzoek doen meer tijd en dus opofferingen kost 

dan de meeste banen en daaraan heel wat steentjes (soms keien) bijdroeg. 

Heel veel mensen speelden in de afgelopen jaren op het lab een grote rol. 

Natuurlijk Rob Benner, die bleef vertrouwen op een goede afloop van het 

onderzoek, ook in tijden dat de maanstand weer eens verkeerd was, en die 

bereid was mijn promotor te zijn. Zijn tomeloze energie is bij ons bijna 

spreekwoordelijk (Benneriaans). Professor Vos zorgde voor de nodige rust 

en stabiliteit op de afdeling in woelige tijden. Ik stel het op prijs dat 

ook hij mijn promotor wilde zijn. Ook waardeer ik de kritische kanttekeningen 

van de overige twee leden van de commissie, Professor van der Heul en 

Professor Kosten, bij het concept van dit proefschrift. 

Lidia Hussaarts, Inge Donselaar· (Wolterink?) en Renee Ladestein verricht

ten heel veel van het in dit proefschrift beschreven werk. De zin 'zonder 

hen was dit proefschrift niet tot stand gekomen' is al door menig ander 

promovendus eerder gebruikt, maar is hier zeker waar. Lidia, Inge en Renee, 

jullie inzet heb ik zeer gewaardeerd, alsmede het feit dat Inge en Renee 

mijn paranimfen wilden zijn. 

Voordat de 'proeven' gedaan konden worden was er vaak al heel wat werk 

verzet door mensen als Rein Smid en Tom Vermetten die de bestellingen 

verwerkten, mevrouw Godijn, Jopie Belman en Elly Hoffman die zorgden dat 

het glaswerk schoon enjof steriel werd en die ons op de been hielden met 

koffie en thee. Piet Hartwijk repareerde alles wat kapot was en Marry 

Steinvoort, Gre Starn, Saskia Kalkman en Joop Brandenburg zorgden elke 

keer weer voor het schoonhouden van de stallen. Joop en zijn gezin zorgden 

151 



bovendien voor gezelligheid in 'bet Rhoonse'. De medewerkers van nucleaire 

geneeskunde leverden ons trouw bet Technetium. 

Als na het practische werk dan geschreven moestjkon gaan worden kwam de 

expertise van een andere groep mensen om de hoek kijken. Tar van Os maakte 

op zeer nauwgezette wijze de foto's en Cor van Dijk zorgde op zijn 'cor'date 

wijze dat de figuren voor elkaar kwamen. Getypt werd er vervolgens door 

Gea Stout, Jacqueline de Goey of Geertje de Korte als mijn eigen eenvingerig 

zoeksysteem te kort schoot. Geertje bleek overigens onmisbaar bij de laatste 

loodjes van bet in elkaar zetten van dit proefschrift. 

Dan wil ik bier nog een aantal collega's van andere labs noemen. First 

Max Schreier and Reet Tees From Sandoz Ltd., Basel. I'd like to thank you 

for the opportunity you offered me to work in your laboratory and for the 

T cell culturing rites you taught me. Dan Wim van den Berg van de afdeling 

Rheumatologie in Nijmegen, die een aantal van de manuscripten beoordeelde 

en zorgde voor stimulerende discussies. 

Arianneke Grandia sneed en kleurde in haar vrije tijd heel wat coupes, 

die dan vervolgens door Theo van der Kwast van de afdeling Pathologie I 

beoordeeld werden. Theo van der Kwast speelde ook een belangrijke rol in 

de eindfase van dit proefschrift. Rob Ploemacher bleek in staat tussen 

zijn drukke werkzaamheden door in een recordtempo een tekening voor de 

omslag van dit proefschrift te maken. De vele vroegere en huidige labgenoten 

van de afdeling Celbiologie, Immunologie en Genetic~ waren van groot belang 

door hun collegialiteit en hun inbreng in de goede sfeer op bet lab en 

bij festijnen als labdagen, zeilweekends en cabarets. Al deze hierboven 

genoemde mensen wil ik van harte bedanken. 

152 



ABBREVIATIONS 

AA - adjuvant arthritis 

AIA - antigen induced arthritis 

AMLR - autologous mixed lymphocyte reaction 

APG - antigen presenting cells 

BGDF - B cell differentiation factor 

BSF-2 - B cell stimulating factor-2 

BSS - balanced salt solution 

GFA - complete Freund's adjuvant 

cpm - counts per minute 

DC - dendritic cell 

DTH - delayed type hypersensitivity 

EAE - experimental allergic encephalitis 

EBV Epstein-Barr virus 

FGS - fetal calf serum 

GVH - graft versus host 

3H-TdR - tritiated thymidine 

H-2 - histocompatibility-2 

HE haematoxilin and eosin 

HGF - hybridoma growth factor 

HLA - human leukocyte antigen 

HS - heat shock 

ia intra articular 

IG - immune complex 

IL-n - interleukin-n 

!FA - incomplete Freund's adjuvant 

IFN - interferon 

Ig - immunoglobulin 

IMDM-ATL - Iscove's modification of Dulbecco's modified Eagles medium 

supplemented with albumin, transferrin and lipids instead of 

FGS 

ip inraperitoneal 
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iv 

JRA 

kD 

LN 

mAb 

mBSA 

MHC 

MIF 

MLR 

MNC 

MT 

M¢ 

OVA 

PB 

PGE2 

PG-PS 

PMNC 

RA 

ReA 

RF 

SEM 

SF 

ST 
99mTc 

Tc 

TCR 

Th 

Thi 

Ts 

Tsi 
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intravenous 

- juvenile rheumatoid arthitis 

- kilo dalton 

- lymph node 

- monoclonal antibody 

- methylated bovine serum albumin 

- major histocompatibility complex 

- migration inhibition factor 

- mixed lymphocyte reaction 

- mononuclear cell 

- Mycobacterium tuberculosis 

- macrophage 

- ovalbumin 

- peripheral blood 

- prostaglandin E2 

- peptidoglycan-polysaccharide 

- polymorphonuclear cell 

- rheumatoid arthritis 

- reactive arthritis 

- rheumatoid factor 

- standard error of the mean 

- synovial fluid 

- synovial tissue 

- 99mTechnetium 

- cytotoxic T cell 

- T cell receptor 

- helper T cell 

- helper inducer T cell 

- suppressor T cell 

- suppressor inducer T cell 
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