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Avridine-induced arthritis in rats; a T cell-dependent chronic disease influenced
both by MHC genes and by non-MHC genes
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SUMMARY

Avridine is a potent synthetic adjuvant that can induce arthritis in most rat strains. The clinical
appearance and histopathology of avridine-induced arthritis show great similarity to other
arthritis models such as collagen-induced arthritis. In LEW and DA rats the avridine-induced
arthritis is severe and long lasting. To investigate a possible genetic influence on the disease we
compared LEW, DA and E3 rats, which are of different genetic origins, for their ability to develop
arthritis after injection of a low dose of avridine (1-5 mg/rat). The E3 rat was shown to be resistant,
whereas all of the DA rats developed arthritis. Recombinant inbred strains derived from DA and
E3 parentals varied in susceptibility to avridine. Only strains sharing RTlaVl with DA developed
arthritis, indicating a role for the MHC genes. The MHC association was further analysed in a
series of Lewis congenic strains using the 15mg avridine dose. All strains developed arthritis.
LEW.1C and LEW.1W developed only acute arthritis, whereas LEW.1A, LEW, LEW.11D,
LEW.1N and LEW.1F developed chronic arthritis. In particular, the LEW.1F rats developed a

chronic severe arthritis of high incidence. The chronic arthritis showed an active, erosive joint
inflammation several months after induction. Nude rats are resistant to avridine-induced arthritis,
indicating a T cell dependence of the disease which supports the importance of MHC. However,
non-MHC genes are also crucial to arthritis development. Recombinants between DA and E3,
sharing RTlaVl with DA, showed either a lower incidence or a lower severity of disease than the
DA rats. The E3 rat and the recombinants with RTlU were completely resistant, whereas
LEW. 1W, also RTlU, were highly susceptible.
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INTRODUCTION

There are several different animal models for rheumatoid
arthritis (RA) currently used. The collagen-induced arthritis
(CIA) is based on autoimmune recognition of a joint-derived
autoantigen (reviewed in [1]). This disease is clearly immuno-
logical in nature and dependent on both genes within the MHC,
called RTl in the rat, and those outside the MHC. There is a
strict MHC association of this disease to RTla as the most
permissive haplotype, with other haplotypes varying in permis-
siveness depending on the gene background [2]. Adjuvant
arthritis can be induced with various adjuvants, such as
mycobacteria tuberculosum in mineral oil [3], avridine in
mineral oil [4], muramyl dipeptide [5], pristane [6] or Freund's
mineral oil only [7]. The model most extensively used is the
mycobacteria tuberculosum-induced adjuvant arthritis, a
severe but non-chronic disease [8]. This disease is clearly T
cell-dependent, since nude rats are resistant and antibody
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treatment against the T cell receptor prevents development of
disease [9]. The susceptibility is polygenetically associated with
as yet unknown non-MHC genes, as exemplified with the
susceptibility of the LEW rat in comparison with the resistant
F344 rat [10, 11]. There are, however, reports that MHC may
also influence disease susceptibility, indicating that the RTlaVl
haplotype of the DA rat is permissive for disease susceptibility
[11]. The pathogenesis of adjuvant arthritis induced with
mycobacteria tuberculosum is, however, not clarified. The
classical view is that the disease induction is triggered by
adjuvants [12], whereas later experiments suggest that auto-
reactive T cells cross-reacting with mycobacteria heat shock
proteins mediate the disease [13]. In this context, it is of interest
that severe arthritis can also be induced with other adjuvants
such as avridine, pristane and mineral oil. These oils and
synthetic compounds contain no immunogenic material to be
presented to T cells or to be a target for an antigen-specific
immune response [4]. Therefore we believe it is important to
characterize these models in order to understand the endo-
genous mechanisms leading to arthritis. In this report we study
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the avridine-induced arthritis (AvIA). This is an easily repro-

ducible disease which appears at predicted onset days and with
predicted severity in contrast to many other models such as

CIA and the mycobacteria tuberculosum-induced arthritis. We
show here that the AvIA is a chronic, T cell-dependent disease
which is influenced by both MHC and non-MHC genes.

MATERIALS AND METHODS

Rats
Specific pathogen-free rats obtained from ZFV (Zentralinstitut
fur Versuchstierzucht, Hannover, Germany) were bred and
kept at the Biomedical Centre in Uppsala. The rats were kept
in a climate-controlled environment with 12 h light/dark cycles,
housed in polystyrene cages containing wood shavings and fed
standard rodent chow and water ad libitum. All experiments
were performed on age- and sex-matched rats at an age of 8-14
weeks. The rats were found to be free from common pathogens
including Sendai virus, Hantaan virus, coronavirus, reovirus,
cytomegalovirus and Mycoplasma pulmonis.

Induction and evaluation of arthritis
N,N-dioctadecyl-N',N'-bis(2-hydroxyethyl) propanediamine
(= CP20961 = avridine) was generously provided by Dr
W.W. Hoffman (Pfizer Inc., Groton, CT). Arthritis was

induced in the rats by a subcutaneous injection at the base of
the tail of 150 I avridine solubilized in Freund's incomplete
adjuvant (FIA; Difco, Detroit, MI) at a concentration of 0, 10,
25 or 50 mg/ml. Arthritis development was monitored daily by
a macroscopic scoring system for the four limbs ranging from 0
to 4 (1 = swelling and/or redness of one phalangeal joint;
2 = two phalangeal joints or of one larger joint involved;
3 = more than two joints involved; and 4 = severe arthritis in
the entire paw).

Histomorphological and immunohistochemical analysis ofjoints
Joints were fixed in 4% paraformaldehyde, rapidly decalcified,
embedded in paraffin, sectioned and stained with haematoxylin
and eosin. For the immunohistochemichal analysis the joints
were decalcified for 6-8 weeks with EDTA [14]. Cryosections
were stained with MoAbs using the avidin-biotin-peroxidase
complex technique [15]. MoAbs to al T cell receptor, R73 [16];
CD4, W3/25 [17]; CD8, OX8 [18]; MHC class II, OX6 [19]; IL-2
receptor (CD25), ART18 [20]; complement receptor CR3
(CD IIb), OX42 [21] and CD43 on neutrophils, some macro-

phages and T cells, W3/13 [17] were used.
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Table 1. Titration of the avridine dose for induction of arthritis in LEW
rats

Avridine dose/rat Number Incidence Mean day Mean maximal
(mg) of rats (%) of onset severity

0 (only FIA) 6 0 - -

075 6 0 - -

1-5 14 86 15±3 11 ±4
375 6 100 13±2 15±0
75 10 90 11±1 10±6

Fig. 1. Development of arthritis in the different MHC congenic strains
is shown as arthritis frequency (a) and arthritis severity (b). The
arthritic score is calculated as the mean score of arthritic animals
only. This is a summary of two experiments with similar results. The
number of rats of each strain is presented in Table 2.

RESULTS

Susceptibility to AvIA in DA, LEW and E3 rats
We have earlier observed that both LEW and DA rats develop
severe arthritis with early onset and 90-100% frequency after
injection of 7-5mg avridine/rat. The LEW rats were used to
titrate the dose of avridine (Table 1). We found that 1-5mg
avridine per rat was the lowest arthritogenic dose, whereas
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Fig. 2. Haematoxylin-eosin-stained formalin-fixed sections from dif-
ferent rats taken 178 days after avridine injection. (a) A hind paw from
a LEW.1F rat with chronic arthritis with severe local erosions and
inflammatory cells. (b) A front paw from a LEW.1A rat with recurrence

of arthritis as shown by a new focal inflammatory infiltrate. (c) A hind
paw from a LEW.1W rat which has recovered from acute arthritis
showing an ankylotic joint with fibrotic synovial tissue but with no sign
of active arthritis.

higher doses induced arthritis with earlier onset and higher
severity. Comparison of three different rat strains (DA, LEW
and E3) with unrelated gene backgrounds for arthritis
susceptibility using the lower (1-5 mg/rat) dose showed a

variable susceptibility ranging from the resistant E3 rat to the
highly susceptible DA rat (Table 2). E3 rats injected with the
higher dose (7 5 mg avridine/rat) did develop arthritis, but with
lower incidence and severity. To initiate a genetic analysis we
compared inbred recombinant strains with mixed DA and E3
genes (Table2). These rat strains developed arthritis with a
variable frequency and severity. Interestingly, only strains
carrying the RTlavl haplotype were susceptible. This
prompted us to analyse more closely the role of MHC.

MHC congenic strains
A series of LEW RTl congenic strains, listed in Table2, was

analysed for arthritis development after injection of 15mg
avridine/rat. The results, shown in Fig. la,b and in Table 2,
show that all strains began to develop arthritis within 2 weeks
after injection of avridine, reaching a maximal incidence
around day 28. The subsequent disease course did vary,
however. LEW.1F rats developed a severe arthritis with a

chronic disease course. The ongoing arthritis severely
damaged the paws, and after several months the activity of
disease was not easily determined by clinical scoring. Histo-
pathology sections taken from paws 6 months after injection
showed severe inflammation with active erosions of bone and
cartilage (Fig.2a). In contrast, other strains, LEW.1W and
LEW.iC, developed only acute arthritis, and the paws com-

pletely recovered from clinical signs of arthritis after 2-3
months. Histopathological sections taken after 6 months
showed scars after erosions but only fibrotic tissue and no

active inflammation (Fig.2c). In other strains, LEW.lA,
LEW.1D and LEW.1N, a few rats developed a chronic
course of active arthritis. Interestingly, in a few LEW and
LEW.1A rats a marked reappearance of active arthritis was

seen several months after avridine injection. A chronic erosive
disease was seen in the histopathological analyses of these rats
as well (Fig. 2b). Neither of the RT1 congenic strains developed
any clinical signs of arthritis after injection with FIA alone
within the 22 days of observation.

AvIA is a T-cell dependent disease
Avridine is a non-immunogenic adjuvant and it is not known if
the arthritis involves immune cells or if it develops in response
to a non-specific triggering by the adjuvant. We therefore
wanted to analyse if T cells were involved. We compared
nude thymus deficient WAG rats with their nu/ + littermates
(Table 2). This experiment showed that normal thymus is
required for the disease. The T cell infiltration and MHC
class II expression were investigated in paws from Lewis rats
injected with 1-5mg avridine/rat (Table 3). We found an early
infiltration ofCD4+ T lymphocytes and significant MHC class II
expression in these paws just before the onset of clinical arthritis.

DISCUSSION

The findings described in this study show that avridine-induced
arthritis is a T cell-dependent, chronic disease which is geneti-
cally associated with genes both within and outside the MHC.
It is important to emphasize that the disease is induced with a
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Table 2. Development of arthritis in different rat strains

Mean day Mean max. Acute Chronic
Strain RT1 n of onset severity arthritis (%) arthritis (%)

DA avI 16 14± 1 11 100 0
E3 u 11 - - 0 0
E3* u 6 21 5 3 50 0
DXEA avI 4 12 0 2 100 ND
DXEB avI 5 21 +4 5 60 ND
DXEC u 5 - 0 -
DXER u 5 - - 0 -
LEW 1 14 19 ± 4 8 86 34
LEW.IA a 15 16 ± 4 6.7 80 7
LEW.IC c 15 17 ± 3 7.1 87 0
LEW.1D d 13 16 + 2 6.2 85 28
LEW.IF f 15 15 ± 4 11 100 100
LEW.IN n 15 17 ± 3 7.1 73 9
LEW.IW u 14 17±3 8.4 93 0
WAG nu/nu* u 5 - - 0 ND
WAG nu/+* u 5 15 1 7.2 100 ND

The rats were injected with 1 5 mg avridine (*7 5 mg). The DA rats and the Lewis congenic strains were observed
for 150 days and the E3, DXEA, DXEB, DXEC and DXER for 40 days. The mean maximum severity is calculated
on arthritic rats only, as the mean of each individual rat's maximal score. ND, No data.

synthetic adjuvant with no known antigenic capacity of its own
[4]. Thus, no foreign immunogenic material has been intro-
duced. The mechanism by which avridine induces arthritis is as

obscure as in other adjuvant arthritis models such as the
mycobacteria tuberculosum-induced disease, the muramyl
dipeptide-induced arthritis, the oil-induced arthritis or the
pristane-induced arthritis. However, as with the other adju-
vant-induced arthritides [5, 6, 9], the avridine-induced arthritis
is T cell-dependent, since nude rats are resistant. This finding is
in accordance with the previous demonstration of a successful
transfer of avridine-induced arthritis by concanavalin A (Con
A)-activated lymphocytes [22]. The MHC class II expression in
the joints and the significant but limited T cell infiltration is
seen also in other autoimmune models such as CIA and
adjuvant arthritis induced with mycobacteria [23-25]. A criti-

cal role for T cells would suggest that the avridine adjuvant
triggers activation of autoreactive T cells which permit an

initial acute arthritis and eventually a chronic and self-perpe-
tuating attack on the joints. There is no evidence so far of any
antigen-specific autoimmunity in avridine-induced arthritis,
but an interesting possibility is that this chronicity is perpetu-
ated by endogenously activated anti-collagen type II (CII)
autoimmunity. There is an obvious similarity of the MHC
association demonstrated here, to the MHC association of
the CIA induced with homologous rat CII in FIA [2]. In the
CIA model the RTla and RTlf haplotypes are susceptible. In
the present experiments the LEW. IF rats developed the most
severe arthritis. In the other strains only a few rats developed
chronic arthritis. In this context it is of interest that the
chronicity of AvIA seems to be associated with certain MHC

Table 3. Immunohistochemical analyses of paws from LEW rats injected with 1.5 mg avridine/rat

Staining of cell 12 days after 21 days after 21 days after
surface marker (MoAb) avridine injection avridine injection control injection

CDII (OX42) + + + + + + ++
CD43 (W3/13) ++ +
CD4 (W3/25) ++ ++ +
CD8 (OX8) + +
TCR a,3 (R73) + +
TCRV,38.2 (R78) + ND
TCRV,38.5 (B73) +
TCRVfl10 (G1O1) +
CD25 (ART18) +
MHC class II (OX6) ++ ++ +

- - 0%; + < 0.5%; ++ =05-5%; + + + =5-20%. Day 12 shows the mean of five rats and day
21 the mean of three rats. Control rats represent one rat injected with Freund's incomplete adjuvant
(FIA) and two rats injected with ovalbumin emulsified in FIA.
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haplotypes. MHC class I and class II molecules are coded from
the MHC, and are the restriction elements for CD8 + and
CD4+ a/3 T cells. However, a number of other polymorphic
genes may also be of importance, such as tumour necrosis
factor genes [26], peptide transporter genes [27], complement
genes [28] or heat shock protein genes [26]. It was also apparent
from the presented results that non-MHC genes influence the
susceptibility to AvIA, which is also the case in other auto-
immune arthritis models. The availability of inbred and recom-
binant strains with variable susceptibility to disease is a valu-
able tool for analysing these putatively disease-promoting genes.

It is apparent that genetic analysis will be of importance
also for widening the understanding of the pathogenesis of RA
in humans. There is a rather low, but clearly significant, genetic
association of RA [29]. So far only MHC genes have been
identified, albeit without a deeper knowledge of their biological
role or interacting autoantigens [30]. Apparently other genes
are also important in exerting a complex and polygenic
influence on disease susceptibility. We think well characterized
animal models will be of help in sorting out these genes, and in
helping to understand the biological roles of different arthritis-
promoting genes.

ACKNOWLEDGMENTS

This study was supported by the Swedish Medical Research Council,
the Swedish Cancer Society, the National League against Rheumatism,
King Gustaf V:s 80-years Foundation, Osterman Foundation, Ake
Wiberg Foundation, Professor Nanna Svartz Research Foundation
and the Craaford Research Foundation.

REFERENCES

1 Holmdahl R, Andersson M, Goldschmidt TJ, Gustafsson K,
Jansson L, Mo JA. Type II collagen autoimmunity in animals and
provocations leading to arthritis. Immunol Rev 1990; 118:193-232.

2 Holmdahl R, Vingsbo C, Hedrich H et al. Homologous collagen-
induced arthritis in rats and mice are associated with structurally
different major histocompatibility complex DQ-like molecules. Eur
J Immunol 1992; 22:419-24.

3 Pearson CM. Development of arthritis, periarthritis and periostitis
in rats given adjuvants. Proc Soc Exp Biol Med 1956; 91: 95-101.

4 Chang Y H, Pearson CM, Abe C. Adjuvant polyarthritis. IV.
Induction by a synthetic adjuvant: immunologic, histopathologic,
and other studies. Arthritis Rheum 1980; 23:62-71.

5 Kohashi 0, Aihara K, Ozawa A, Kotani S, Azuma I. New model of
a synthetic adjuvant, n-acetylmuramyl-l-alanyl-d-isoglutamine-
induced arthritis. Lab Invest 1982; 47:27-36.

6 Holmdahl R, Goldschmidt TJ, Jonsson R, Kleinau S, Kvick C.
Arthritis induced in rats with non-immunogenic adjuvant oil is a
genetically restricted, T-cell dependent autoimmune disease. Immu-
nology 1992; 76:197-202.

7 Holmdahl R, Kvick C. Vaccination and genetic experiments
demonstrate that adjuvant oil induced arthritis and homologous
type II collagen induced arthritis in the same rat strain are different
diseases. Clin Exp Immunol 1992; 88:96-100.

8 Pearson CM, Wood FD. Studies of polyarthritis and other lesions
induced in rats by injection of mycobacterial adjuvant. I. General
clinical and pathologic characteristics and some modifying factors.
Arthritis Rheum 1959; 2:440-59.

9 Yoshino S, Kinne R, Hunig T, Emmrich F. The suppressive effect of
an antibody to the alpha/beta T cell receptor in rat adjuvant
arthritis: studies on optimal treatment protocols. Autoimmunity
1990; 7:255-66.

10 Whitehouse MW, Orr KJ, Beck FWJ, Pearson CM. Freund's

adjuvants: relationship to arthritogenicity and adjuvanticity in
rats to vehicle composition. Immunology 1974; 27:311-30.

11 Battisto JR, Smith RN, Beckman K, Sternlicht M, Welles W.
Susceptibility to adjuvant arthritis in DA and F344 rats. Arthritis
Rheum 1982; 25:1194-200.

12 Kohashi 0, Pearson CM, Watanabe Y, Kotani S. Preparation of
arthritogenic hydrosoluble peptidoglycans from both arthritogenic
and non-arthritogenic bacterial cell walls. Inf Immun 1977; 16:861-6.

13 VanEden W, Thole JER, VanDerZee R et al. Cloning of the
mycobacterial epitope recognized by T lymphocytes in adjuvant
arthritis. Nature 1988; 334:171-3.

14 Jonsson R, Tarkowski A, Klareskog L. A demineralization procedure
for immunohistopathological use. J Immunol Meth 1986; 88:109-14.

15 Hsu SM, Raine L, Fanger H. Use of avidin-biotin-peroxidase
complex (ABC) in immunoperoxidase techniques: a comparison
between ABC and unlabelled antibody (PAP) procedures. J Histo-
chem Cytochem 1981; 29:577-80.

16 Hunig T, Wallny HJ, Hartley JK, Lawetzky A, Tiefenthaler G. A
monoclonal antibody to a constant determinant of the rat T cell
antigen receptor that induces T cell activation. Differential reactiv-
ity with subsets ofimmature and mature T lymphocytes. J Exp Med
1989; 169:73-86.

17 Williams AF, Galfre G, Milstein C. Analysis of cell surfaces by
xenogeneic myeloma-hybrid antibodies; differentiation antigens of
rat lymphocytes. Cell 1977; 12:663-73.

18 Brideau RJ, Carter PB, McMaster WR, Mason DW, Williams AF.
Two subsets of rat T-lymphocytes defined with monoclonal anti-
bodies. Eur J Immunol 1980; 10:609-15.

19 McMaster WR, Williams AF. Monoclonal antibodies to Ia antigens
from rat thymus. Crossreactions with mouse and human and use in
purification of rat Ia glycoproteins. Immunol Rev 1979; 47:117-35.

20 Kupiec-Weglinski JW, Diamantstain T, Tilney NL, Strom TB.
Therapy with monoclonal antibody to interleukin 2 receptor
spares suppressor T cells and prevents or reverses acute allograft
rejection in rats. Proc Natl Acad Sci USA 1986; 83:2624-7.

21 Robinson AP, White TM, Mason DW. Macrophage heterogeneity
in the rat as delineated by two monoclonal antibodies MRC OX 41
and MRC OX 42, the latter recognising complement receptor type
3. Immunology 1986; 57:239-47.

22 Taurog JD, Sandberg GP, Mahowald ML. The cellular basis of
adjuvant arthritis. II. Characterization of the cells mediating passive
transfer. Cell Immunol 1983; 80:198-204.

23 Holmdahl R, Rubin K, Klareskog L, Dencker L, Gustafsson G,
Larsson E. Appearence of different lymphoid cells in synovial tissue
and in peripheral blood during the course of collagen II-induced
arthritis in rats. Scand J Immunol 1985; 21:197-204.

24 Larsson P, Holmdahl R, Dencker L, Klareskog L. In vivo treatment
with W3/13 (anti-pan T) but not with OX8 (anti-suppressor/
cytotoxic T) monoclonal antibodies impedes the development of
adjuvant arthritis in rats. Immunology 1985; 56:383-91.

25 Holmdahl R, Jonsson R, Larsson P, Klareskog L. Early appearance
of activated CD4 positive T lymphocytes and Ia-expressing cells in
joints of DBA/1 mice immunized with type II collagen. Lab Invest
1988; 58:53-60.

26 Jacob CO, Hwang F. Definition of microsatellite size variants for
TNF-a and Hsp7O in autoimmune and nonautoimmune mouse
strains. Immunogenetics 1992; 36:182-8.

27 Powis S, Deverson E, Coadwell J et al. Effect ofpolymorphism ofan
MHC-linked transporter on the peptides assembled in a class I
molecule. Nature 1992; 357:211-5.

28 Van Den Berg CW, Demant P. Aerts, Van Dijk H. Slp is an
essential component of an EDTA-resistant activation pathway of
mouse complement. Proc Natl Acad Sci USA 1992; 89:10711-5.

29 Wordsworth P, Bell J. Polygenic susceptibility in rheumatoid
arthritis. Ann Rheum Dis 1991; 50:343-6.

30 Nepom GT, Erlich H. MHC class II molecules and autoimmunity.
Annu Rev Immunol 1991; 9:493-525.


