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Abstract

Collagen-induced arthritis (CIA) is a chronic inflammatory
disease bearing all the hallmarks of rheumatoid arthritis, e.g.
polyarthritis, synovitis, and subsequent cartilage/bone erosions.
One feature of the disease contributing to joint damage is
synovial hyperplasia. The factors responsible for the hyperplasia
are unknown; however, an imbalance between rates of cell
proliferation and cell death (apoptosis) has been suggested. To
evaluate the role of a major pathway of cell death — Fas (CD95)/
FasL — in the pathogenesis of CIA, DBA/1J mice with a mutation
of the Fas gene (/pr) were generated. The susceptibility of the
mutant DBA-Ipr/Ipr mice to arthritis induced by collagen type |l
was evaluated. Contrary to expectations, the DBA-Ipr/lpr mice
developed significantly milder disease than the control
littermates. The incidence of disease was also significantly lower
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in the Ipr/lpr mice than in the controls (40% versus 81%; P <
0.05). However DBA-Ipr/lpr mice mounted a robust immune
response to collagen, and the expression of local
proinflammatory cytokines such as, e.g., tumor necrosis factor a
(TNF-a)) and IL-6 were increased at the onset of disease. Since
the contribution of synovial fibroblasts to inflammation and joint
destruction is crucial, the potential activating effect of Fas on
mouse fibroblast cell line NIH3T3 was investigated. On
treatment with anti-Fas in vitro, the cell death of NIH3T3
fibroblasts was reduced and the expression of proinflammatory
cytokines TNF-o. and IL-6 was increased. These findings
suggest that impairment of immune tolerance by increased T-
cell reactivity does not lead to enhanced susceptibility to CIA
and point to a role of Fas in joint destruction.

Introduction

Collagen-induced arthritis (CIA) is an animal model bearing
all the hallmarks of rheumatoid arthritis (RA). CIA can be
induced in susceptible strains of mice, e.g. DBA/1J, by
immunization with bovine collagen type Il in complete Fre-
und's adjuvant (CFA) [1]. CIA has been extensively studied
to elucidate the pathological mechanisms relevant to
human RA and to identify potential therapeutic targets [2].
The development of CIA, as of RA, is known to depend on
T cells, and susceptibility to the disease is linked to the
MHC region [3]. Following T-cell activation, an inflamma-
tory cascade involving T cells, macrophages/monocytes, B
cells, and activated synoviocytes is triggered. The different

immune and local synovial cells produce a complex array of
cytokines and other soluble mediators that are thought to
be responsible for cartilage destruction and bone erosion
[4-6].

One of the main features of CIA disease is synovial hyper-
plasia. The factors contributing to this phenomenon are
unknown; however, an imbalance between rates of cell pro-
liferation and cell death (apoptosis) has been suggested
[7]. Two major pathways involved in ligand-mediated apop-
tosis in the immune system have been considered, namely
the Fas ligand (FasL) and tumor necrosis factor (TNF) path-
ways. FasL and TNF are members of the TNF superfamily.

AICD = activation-induced cell death; CFA = complete Freund's adjuvant; CIA = collagen-induced arthritis; ConA = concanavalin A; ELISA = enzyme-
linked immunosorbent assay; Fab = antigen-binding fragment; FACS = fluorescence-activated cell sorter; FasL = Fas ligand; FITC = fluorescein iso-
thiocyanate; IFN = interferon; IL = interleukin; mAb = monoclonal antibody; PBS = phosphate-buffered saline; PCR = polymerase chain reaction; PE
= phycoerythrin; RA = rheumatoid arthritis; RPMI = Roswell Park Memorial Institute [medium]; TNF = tumor necrosis factor.
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Both cell-death pathways have been shown to contribute to
peripheral tolerance and to the maintenance of homeosta-
sis in the immune system through activation-induced cell
death (AICD) [8-11]. Additionally, FasL together with per-
forin and TNF are the main pathways for killer cells, and
mutations in those molecules block cytotoxicity of target
cells [12,183]. Thus, cell-death pathways could contribute
to the pathology of arthritis in at least two ways: through
promotion of autoimmunity by blocking tolerance of autore-
active lymphocytes and AICD, or through destruction of tar-
get tissues by induction of apoptosis or proliferation in
susceptible cells.

A pathogenic role of TNF-a. for arthritis is well documented
in a number of studies and is supported by the success of
anti-TNF therapy. Murine studies using TNF-receptor
knockout mice and TNF transgenic mice point to a primary
role in the local proliferation of synovial fibroblasts rather
than to tolerance impairment of lymphocytes or death of
local joint cells [14,15].

Although the exact role of Fas in arthritis remains unclear,
some observations suggest an involvement of this receptor
molecule in the disease process. It has been reported that
a subset of T cells in patients with RA was resistant to Fas-
mediated apoptosis [16,17]. Mysler and co-workers and
other groups showed that T cells in systemic lupus ery-
thematosus have an abnormal increase in surface Fas
expression [18,19]. However, they showed proliferative
and activating response to Fas crosslinking [20] rather than
enhanced susceptibility to Fas-mediated apoptosis. Sev-
eral studies demonstrated that autoreactive lymphocytes
infiltrating the rheumatoid synovium are resistant to apopto-
sis either because of expression of the anti-apoptotic pro-
teins bcl2 and belxl or because of deficiency of FasL. On
the other hand, conflicting evidence showing that infiltrat-
ing T cells are Fas-sensitive has been presented [16,21-
24]. Synovial fibroblasts were shown to be susceptible to
apoptosis induced by anti-Fas antibody, but they were
shown by others to express high levels of oncogenes and
bcl2 as well [24].

In this study, we attempted to evaluate the role of the Fas
cell-death pathway in the pathogenesis of CIA by generat-
ing DBA/1J mice with a mutation of the Fas gene (DBA-Ipr/
lpr) and by examining the effect of the mutation on the
immune response to collagen and on joint pathology.

Materials and methods

Mice, backcrossing, antigen, immunization, and
assessment of arthritis

DBA/1) mice were obtained from Harlan-Winkelmann
(Borchen, Germany) and kept under standard conditions at
the animal facility of the University of Rostock. Fas mutant
mice were obtained from Bomholtgard A/S (Ry, Denmark).

These mice were not available on the DBA/1J background
and, therefore, were obtained as C3H-lpr. The Ipr mutation
was then backcrossed onto the DBA/1J background. The
mice were propagated as hemizygous mutants for at least
six generations and the mutation was followed by PCR
analysis of tail DNA, as previously described [10]. Experi-
mental mice were generated by brother—sister mating and
homozygosity was assessed by PCR as described else-
where [10].

Eight-week-old mice were immunized intradermally at the
base of the tail with 150 pg of bovine collagen Il (Sigma,
Deisenhofen, Germany) emulsified in CFA (Difco, Detroit,
MI, USA). Mice were boosted with 150 pg of collagen in
incomplete Freund's adjuvant at day 21. Clinical scores
were assessed immediately before immunization (day 0)
and thereafter three times weekly until day 75 after immuni-
zation. Inflammation of the four paws was scored as fol-
lows: 0, no inflammation; 1, swelling/redness of one joint;
2, swelling/redness of more than one joint or mild inflamma-
tion of the whole paw; 3, severe inflammation of whole paw
or ankylosis. For evaluating the susceptibility of mice to
CIA, the incidence of disease (number of diseased mice
divided by total number of mice), the mean score (total
score of diseased mice divided by total number of mice),
and the mean day of onset of disease (total days of onset
divided by the number of diseased mice) were calculated.
The study was approved by the appropriate authorities of
the state of Mecklenburg-Vorpommern, Germany.

Cell culture, T-cell proliferation assays, and cytokine
induction

Cells and cell culture

Draining lymph nodes were removed under aseptic condi-
tions. Single-cell suspensions of mononuclear cells of
pooled lymph nodes from individual mice were prepared.
The cells were washed three times in culture medium
before being suspended at 2 x 108 mononuclear cells per
milliliter in round-bottomed, 96-well polystyrene microtiter
plates (Nunc, Copenhagen, Denmark) in a total volume of
200 pl. The culture medium consisted of RPMI 1640 with
Glutamax-Il (Gibco BRL, Life Technologies, Karlsruhe, Ger-
many) supplemented with 50 IU/ml penicillin, 60 pg/ml
streptomycin, and 5% inactivated fetal bovine serum (all
from Gibco BRL). For lymphocyte stimulation, 10 pl alig-
uots of collagen Il were added to cultures at a final concen-
tration of 10-50 pg/ml or 10 ul of concanavalin A (ConA)
(Difco) at a final concentration of 4 pg/ml. These concen-
trations had optimal stimulatory effects as assessed in pre-
vious experiments. Cells were incubated at 37°C in
humidified air with 5% CO, for 72 hours. Cultures were
done in triplicate for proliferation assays and in duplicate for
ELISA measurements of IFN-y. NIH3T3 fibroblasts were
cultured in Dulbecco's modified Eagle's medium containing
50 IU/ml penicillin, 60 pg/ml streptomycin, and 5%



inactivated fetal bovine serum. To determine their suscepti-
bility to Fas-induced cell death, purified hamster antimouse
Fas monoclonal antibody, clone Jo2 (Becton Dickinson,
Heidelberg, Germany), was used. NIH3T3 cells were incu-
bated with 50 ng Jo2/ml or 50 ng Jo2/ml and 1 pg protein
G/ml, respectively, for 24 hours.

Proliferation assay

After 60 hours of incubation, cells were pulsed with 10 pl
[3HImethylthymidine (1 uCi/ml) (Amersham Pharmacia Bio-
tech, Freiburg, Germany) and cultured for an additional 12
hours. Cells were harvested onto fiberglass filters (Titertek,
Skatron, Lierbyen, Norway). [3H]thymidine incorporation
was measured in a liquid B-scintillation counter. The results
were expressed as counts per minute.

ELISA for measurement of IFN-y

After 72 hours of incubation, supernatants were collected
from the lymph node cell cultures and frozen in two aliquots
at -80°C. Concentrations of IFN-y in the supernatants were
determined by the Cytoscreen Immunoassay Kit (Bio-
Source, Camarillo, CA, USA) in accordance with the man-
ufacturer's instructions.

Anticollagen antibody assay

Sera were collected from control DBA-Ipr/+ and mutant
DBA-Ipr/lpr mice before immunization and at days 20 and
47 after immunization and a standard ELISA was used to
measure total anticollagen Il IgG. In brief, ELISA plates
(Greiner, Frickenhausen, Germany) were coated with 5 pg/
ml collagen Il and incubated overnight at 4°C. The plates
were then washed three times with washing buffer (1 x
phosphate-buffered saline [PBS], 1% bovine serum albu-
min, 0.05% Tween 20) and blocked for 1 hour at room tem-
perature. Sera were added to the plates after washing at
dilutions of 1:10, 1:50, 1:500, 1:5000, and 1:50,000. After
incubation for 2 hours at 37°C, the plates were washed and
biotin-conjugated AffiniPure rabbit antimouse IgG (Dian-
ova, Hamburg, Germany), diluted 1:20,000 was added and
incubated for 1 hour at 37°C. This step was followed by
washing and incubation with a 1:1000 dilution of alkaline-
phosphatase-conjugated streptavidin (Dianova). Plates
were developed by the addition of a substrate and read at
wavelength 405 nm. Negative and positive controls were
washing buffer and the supernatant of the anticollagen anti-
body hybridoma CIIC1 (a gift from Dr R Holmdahl, Univer-
sity of Lund, Sweden) respectively. The measurements
were made in triplicate.

Histopathological analysis of joints

Histopathological features of peripheral joints were
assessed in hematoxylin-stained formalin-fixed paraffin-
embedded sections as described previously [25].
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Flow cytometry

The following antibodies were used to study surface
expression of CD4, CD8, CD45, CD90, Fas (CD95), and
CD44 on lymphocytes: respectively, clone H129.19, clone
53-6.7, clone RA3-6B2, clone 30-H12, clone Jo2, and
clone IM7. All antibodies were purchased from Becton
Dickinson. Staining was essentially done following the
manufacturer's instructions. In brief, lymph node cells were
isolated as described above, washed twice in PBS, and
incubated for 20 minutes on ice in 100 ul of FACS (fluores-
cence-activated cell sorter) buffer (1 x PBS, 0.1% bovine
serum albumin, 0.1% sodium acid) in the presence of the
FITC- or PE-labeled specific antibodies. Isotype controls
were used at the appropriate concentrations. The dead
cells were quantified by staining with propidium iodide in
accordance with the instructions provided by the manufac-
turer (Becton Dickinson). Flow cytometric analysis was per-
formed on the FACScan (Becton Dickinson).

RNA isolation and cDNA synthesis

Paws were dissected at time points around the onset of
disease and during its chronic stage and snap frozen in lig-
uid nitrogen, and total RNA was extracted with the RNeasy
Mini Kit (Qiagen, Hilden, Germany) in accordance with the
manufacturer's instructions. Samples were treated with
RNase-free DNase (Qiagen) on the RNeasy columns in
accordance with the manufacturer's instructions. RNA was
finally dissolved in 100 ul of RNase-free water.

For reverse transcription, we used 300 U of SUPER-
SCRIPT™ RNase H Transcriptase with the supplied buffer
(Gibco BRL), 20 U of RNasin, 3 uM random hexamers
(Amersham Pharmacia Biotech), deoxynucleoside triphos-
phate, dithiothreitol, and 2 ng of RNA sample per 25 pnl
reaction volume. The samples were heated for 2 hours at
42°C and rapidly cooled on ice.

TaqMan® Real-Time PCR

The TagMan® PCR Core Reagent Kit (Applied Biosystems,
Weiterstadt, Germany) was used for amplification of tar-
gets. For PCR of IL-6 and TNF-a, we used ready-made Pre-
Developed TagMan® Assay Reagents and the TagMan®
7700 instrument (Applied Biosystems). The reaction condi-
tions for 50 ng cDNA were as follows: 2 min at 50°C, 10
min at 95°C, 45 repeats of 15 s at 95°C, and 1 min at 60°C.
For each RNA isolation, measurements of gene expression
were done three times, and the mean of these values was
used for further analysis. In accordance with the manufac-
turer's User Bulletin #2 (Applied Biosystems), the compar-
ative C, method and the internal control (glyceraldehyde-3-
phosphate dehydrogenase) were used to normalize the
expression levels of target genes.
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Figure 1
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The Ipr phenotype is mild in the DBA/1J genetic background. Analysis of surface expression of CD4/CD8 (a, b), CD90/CD45 (c, d), and Fas
(CD95) (e, f) on T lymphocytes purified from lymph nodes of 24-week-old DBA/1J-lpr/Ipr mice (b, d, f) and DBA/1J littermates (a, ¢, e). Lymph node
cells were stained with the indicated antibodies (Becton Dickinson). For analysis of CD95 (open area), an isotype control (shadowed area) is shown
(e, f). Samples were analyzed on a FACScan cell sorter (Becton Dickinson).
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Table 1

DBA-Ipr/Ipr mice are protected against collagen-induced arthritis

No. of mice? Incidence (%)b Mean scorec at day 64 Mean day of onsetd
DBA/1J-lpr/lpr 34 44> e 1.6 £ 0.75* 51+ 14
DBA/1J-lpr/+ 33 81 5+x1.1 41 +t6

DBA/1J-Ipr/lpr and DBA/1J-Ipr/+ mice were scored for arthritic lesions as described in Materials and methods. A summary of disease course in
DBA/1J-lpr/lpr and their control littermates DBA/1J-Ipr/+ is shown. 218 of the Ipr/lpr mice and 16 of the Ipr/+ mice are from Ma and co-workers
[45]. PNumber of diseased mice divided by all mice. cScore of diseased mice divided by all mice = SEM. dTotal of days of onset divided by the

number of diseased mice = SD. * P < 0.05, y2test. * fP < 0.05, Mann—-Whitney U test.

Statistical analysis

Statistical differences between experimental and control
groups were analyzed using the Mann—Whitney U test for
the severity of arthritis, the y2 test for incidence of arthritis,
and Student's t-test for day of disease onset, antibody lev-
els, and T-cell responses. A P value of <0.05 was consid-
ered significant.

Results

The DBA/1] genetic background does not influence the
Ipr phenotype

To obtain ClA-susceptible Fas mutant mice, we back-
crossed the lpr mutation onto the susceptible DBA/1J
background for at least six generations. Successful back-
crossing to the DBA background was assessed by PCR
analysis of the MHC-H2 locus (data not shown). Older (24-
week-old) DBA-Ipr/lpr mice showed a typical lpr phenotype
of accumulation of CD4/CD8- doubly negative CD3*+ T
cells (Fig. 1b) and CD45*%/CD90* doubly positive cells
(Fig. 1d) in the periphery; however, they did not develop
spontaneous arthritis (data not shown). As expected, DBA-
Ipr/lpr thymocytes were resistant to anti-Fas-induced apop-
tosis (data not shown) and only a very low level of Fas was
detected on their surface — a finding that is consistent with
an earlier observation by others that Ipr/lpr mice express
very low levels of Fas (Fig. 1f).

Mice used for further experiments were 8 weeks old and
they had a normal distribution of T-cell subpopulation, com-
parable to that in wild-type control DBA/1J mice.

Fas mutation does not enhance the severity or increase
the incidence of disease

To assess the effect of the Ipr mutation on arthritis develop-
ment, we induced the disease in 8-week-old DBA-Ipr/lpr
mice and their heterozygous control littermates. Contrary to
expectations, the Ipr mutation led to a decrease in the
severity and incidence of disease. Table 1 shows lower
mean disease scores at day 64 after immunization in Ipr/lpr
mice than in control mice (P < 0.05). The incidence of dis-
ease was significantly lower in |pr/lpr mice than in their con-
trols. The mean onset of disease was slightly later in the Ipr/
Ipr mice than in their controls, but no statistical significance
was achieved. Despite the mild disease in the Ipr/lpr group,

individual mice of both genotypes had either severe, very
mild, or no disease manifestations. Histopathological differ-
ences reflected the clinical severity of disease. No evi-
dence of arthritic disease was observed the day before
immunization (Fig. 2a,2b). At the inflamed stage of disease
(score 3), both groups showed characteristic features of
inflammation, such as fibroblast proliferation, cartilage
degeneration, granulomatous lesions in the sublining tis-
sues, and erosion of bone (Fig. 2c,2d); however,
decreased cell proliferation and lymphocyte infiltration and
erosion of cartilage and bone were generally observed in
the DBA-Ipr/lpr mice (Fig. 2c).

DBA-Ipr/Ipr mice mount a robust immune response to
collagen

To determine whether the mild clinical symptoms reflected
a failure to mount an adequate immune response to colla-
gen Il, we analyzed the T- and B-cell responses in
homozygous DBA-lpr/lpr and heterozygous DBA-lpr/+
mice. Specifically, we analyzed the collagen-ll-specific T-
cell proliferation (Fig. 3a) and IFN-y production (Fig. 3b) in
vitro and anticollagen IgG antibody titers in sera of immu-
nized mice (Fig. 4).

Cultured cells from draining lymph nodes were restimu-
lated in vitro with collagen Il or ConA 7 days after immuni-
zation. The control lymph node cells and Ipr/lpr cells
proliferated equally well in response to ConA (data not
shown). A significantly higher proliferative T-cell response
to collagen Il was observed in DBA-Ipr/lpr mice than in
control mice (Fig. 3a). In agreement with these results, IFN-
v production after antigen stimulation was higher in DBA-
lpr/lpr than in DBA-lpr/+ littermates (Fig. 3b). To show
whether the enhanced immune response was due to an
increased frequency of memory phenotype of lpr T cells
upon stimulation with collagen, phenotypic analysis of sur-
face expression of CD44 on T lymphocytes was performed.
No change of memory cell populations after stimulation
was observed (Fig. 3c).

Furthermore, no significant differences were seen between
the two genotypes in the levels of anticollagen Il antibody
titer at day 20, or in the chronic phase, at day 47. However
nonimmunized DBA-lpr/lpr mice showed significantly
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Figure 2

Histopathological analysis of joints from experimental and control mice before and after induction of collagen-induced arthritis. Healthy (a, b) and
inflamed joints (c, d) from DBA-Ipr/Ipr mice (a, c) and their littermate controls (b, d). The inflamed paws had a disease score of 3. The paraffin sec-
tions were stained with hematoxylin and eosin. B, bone; C, cartilage; P, pannus; SL, synovial lining. Bars in the figure represent 200 um (a, ¢, d) and
100 um (b), respectively.
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DBA-Ipr/lpr mice mount a robust T-cell response to collagen. DBA-Ipr/
lpr lymphocytes show increased proliferation (a) and increased IFN-y
production (b) in response to in vitro stimulation by collagen Il. Draining
lymph nodes were obtained from DBA-Ipr/lpr (white bars; n = 3) and
control DBA-Ipr/+ (filled bars; n = 3) mice 7 days after immunization
with collagen Il and complete Freund's adjuvant. For measurement of
cell proliferation, the cells were cultured for 60 hours with collagen Il at

the indicated concentrations, and then pulsed with [3H] thymidine. Con-

centrations of IFN-y in the supernatant were determined by ELISA. The
columns represent mean values and the error bars indicate standard
deviations. Differences were statistically significant in all comparisons
(*P<0.05; *P < 0.001). The enhanced T-cell response is not due to
changed subpopulations. (¢) Phenotypic analysis of surface expression
of CD44 on nonstimulated (cC) and stimulated (cB, cD) T lymphocytes
purified from lymph nodes of homozygotes (DBA/1J-Ipr/lpr) (bright line)
and their heterozygote (DBA/1J-Ipr/+) littermates (dark line). Lymph
node cells were stimulated with concanavalin A (cB) and bovine colla-
gen Il (cD). The isotype control is shown as shadowed area. The sam-
ples were analyzed on a FACScan (Becton Dickinson) and gated on
lymphocytes (cA).

mice at the onset of arthritis (P < 0.001) (Fig. 5a,5b). The
mRNA expression of these cytokines was higher in joints of
DBA-Ipr/lpr mice than that in joints of DBA-Ipr/+ mice at the
chronic stage of disease, too; however no significant differ-
ences were observed (Fig. 5¢,5d).

Fas ligation blocks cell death and enhances expression
of proinflammatory cytokines

Since synovial hyperplasia contributes to the pathogensis
of CIA, we examined the potential stimulatory effect of anti-
Fas monoclonal antibodies (mAb; clone Jo2) on synovial
fibroblasts using the mouse fibroblast cell line NIH3T3. Fas
is expressed in NIH3T3 (data not shown). The cells were
cultured with anti-Fas mAb or protein G. Cell death was
measured by staining with propidium iodide.

We found that anti-Fas mAb reduced cell death in NIH3T3
fibroblasts (Fig. 6a). Cell death was significantly decreased
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Figure 5 Figure 6
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Protection against collagen-induced arthritis (CIA) is not due to down-
regulation of proinflammatory cytokines. Relative expression of tumor
necrosis factor (TNF)-a (a, ¢) and IL-6 mRNA (b, d) in joints of DBA-lpr/
lpr (white bars) and DBA-Ipr/+ (filled bars) mice at the onset of disease
(a, b) and at the chronic level of disease (c, d), as determined by real-
time PCR. For measurement at the onset, the paws of the DBA-Ipr/+
mice (n = 14) were harvested at 4 weeks. Those from DBA-Ipr/Ipr mice
were harvested at 4 (n =10) and 7 (n = 9) weeks; these were pooled
for analysis, because they did not differ. For measurements during the
chronic phase, paws of DBA-Ipr/lpr (n = 9) and DBA-lpr/+ (n = 10)
mice were harvested at 10—12 weeks. Significant differences were
seen between the two groups at the onset of disease (*** P < 0.001).

expression of tumor necrosis factor (TNF)-a (b) and IL-6 (c) mRNA in
NIH3T3 fibroblasts (n = 3), determined by real-time PCR. Cells (1 x
10%/ml) were stimulated with 50 ng anti-Fas antibody/ml or 50 ng anti-
Fas antibody/ml and 1 ug protein G for 24 hours. Control cells were
incubated with medium only. AB, antibody.

(P < 0.01) by treatment with anti-Fas mAb. The additional
treatment with protein G causing the trimerization of Fas
still resulted in significantly decreased cell death (P <
0.05). Furthermore, treatment with anti-Fas mAb caused a
significantly (P < 0.05) increased expression of TNF-a. and



II-6 (Fig. 6b,6c), suggesting that Fas ligation led to stimula-
tion and proliferation of fibroblasts.

Discussion

Numerous studies have suggested that genes regulating
apoptosis are involved in the pathogenesis of autoimmune
diseases, including RA [26-29]. Indeed, the success of
anti-TNF therapy points to a major role for this important
apoptosis pathway in arthritis development [reviewed [30]].

In this study, we show that the presence of intact Fas,
another important apoptosis pathway, enhances the patho-
genesis of ClA induced in DBA mice. Immunization of DBA-
Ipr/lpr mice and their wild-type littermates with collagen I
and CFA leads to the development of CIA in both geno-
types. Intact Fas is associated with the higher severity and
increased incidence of arthritis but is not essential to dis-
ease induction. This is in agreement with previous studies
in experimental autoimmune encephalomyelitis in C57BI/6
mice carrying the |pr mutation. These mice had significantly
milder disease than their Fas-expressing littermates
[31,32].

Fas could contribute to disease in at least two ways: first, it
could promote autoimmunity by blocking peripheral toler-
ance of autoreactive lymphocytes and inhibiting AICD. The
role of the Fas molecule in autoimmunity has been well
demonstrated in the MRL-Ipr mice, and other animal mod-
els such as experimental autoimmune encephalitis. A
minority of older MRL-Ipr/lpr mice developed mild arthritis
[21]. Fas mutation causes impaired T-cell tolerance and
lymphoadenopathy, with accumulation of abnormal cells.
Thus, defects in peripheral tolerance may play an important
role in the pathogenesis of RA. Secondly, Fas could con-
tribute to disease by destroying target tissues through
induction of apoptosis of chondrocytes [33]. Alternatively,
Fas could contribute to synovial hyperplasia by inducing
proliferation of Fas-expressing synovial fibroblasts and
macrophages. Indeed, there is some evidence suggesting
that fibroblasts could be activated through surface Fas [34]
and that Fas expression is higher in RA synovial tissues
than in osteoarthritic synovial tissues [35]. One way to clar-
ify this matter is to examine the T-cell and B-cell responses
to collagen in Ipr/lpr mice. We found that the Fas-deficient
T-cell response to collagen Il is significantly stronger than
that of normal T cells. Since no change of the collagen-Il-
specific T-cell precursor frequency was observed, this
could reflect an increase in the intrinsic proliferative poten-
tial of Ipr/lpr cells, or a defect in down-regulating the
response due to impairment of AICD, or an alteration of
regulatory T-cell function. It has been shown that doubly
negative T cells, which are increased in Ipr mice, have a
regulatory function [36]. Since the suppression of aggres-
sive T-cell responses mediated by regulatory T cells
depends on interaction of Fas and Fas ligand, the Fas-defi-
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cient doubly negative T cells could fail to suppress periph-
eral autoimmune T cells, and this failure could lead to an
accumulation of aggressive T cells. The significant increase
in T-cell proliferation in response to collagen in lpr/lpr mice
was accompanied by significantly higher levels of IFN-y
secretion from these cells. This Th1 cytokine has been
shown to be abundantly expressed in arthritic lesions both
in mice and in humans [37-39]. IFN-y together with other
Th1 cytokines predominate in the acute phase of arthritis
[40,41]. These results exclude the possibility that the mild
clinical disease of CIA in Ipr/lpr mice is caused by a lack of
generation and priming of collagen-ll-specific T cells.

A lack of B-cell response also does not appear to be the
reason for the mild clinical arthritis in DBA-lpr/lpr mice,
since we saw no significant differences in serum anticolla-
gen Il IgG antibody levels at time of onset of arthritis at day
20 or during the chronic phase of disease at day 47
between mutant mice and their wild-type littermates. This is
rather surprising, as nonimmunized DBA-Ipr/lpr had signifi-
cantly higher levels of anticollagen antibodies than wild-
type mice, which almost lacked detectable antibody levels.
This indicates the existence of autoreactive collagen-ll-spe-
cific B cells in DBA-lpr/lpr mice. In summary, all basic ele-
ments of a robust pathological immune response are
available in DBA-Ipr/lpr mice, i.e., Th1 cytokines, proliferat-
ing activated autoreactive T cells, and pathological anticol-
lagen Il antibodies. The histopathological examination of
the inflamed joints from DBA-Ipr/lpr and control mice with
CIA reveal less inflammation/joint destruction in DBA-Ipr/
Ipr mice in spite of the same clinical score as that of control
mice.

The proinflammatory cytokines including TNF-o. and IL-6
have been intensively investigated for their role in the
pathogenesis of CIA. It is well known that they play a crucial
role in the destruction of joints in CIA [37,42-44]. TNF-a
induces synovial fibroblasts to express cytokines (such as
IL-6) and other factors such as, e.g., matrix metalloprotein-
ases, which contribute to cartilage and bone destruction.

Surprisingly, these proinflammatory cytokines were found
at relatively higher levels in joints of DBA-lpr/lpr mice
despite milder arthritis in comparison with the normal DBA
mice. The mouse fibroblast cell line NIH3T3 is less sensi-
tive to apoptosis induced by anti-Fas mAb and is accompa-
nied by increased expression of TNF-o and IL-6,
suggesting an activating effect by Fas ligation. Fas
crosslinking may contribute to cartilage and bone destruc-
tion by activating synovial fibroblasts subsequently by pro-
duction of matrix metalloproteinases, growth factors (such
as granulocyte/macrophage-colony-stimulating factor), and
chemokines. These results indicate that activation by proin-
flammatory cytokines is insufficient for full disease manifes-
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tation when Fas is deficient. Similar results were obtained
with synovial macrophages [45].

Taking this into consideration, one could draw the conclu-
sion that the lack of the expected severe disease in DBA-
Ipr/lpr mice is due to a local attenuating effect of the Fas
mutation in pathological processes involving resident joint
cells. Fas ligation could also play a role in chondrocyte cell
death or in activation of macrophages [45]. There is evi-
dence indicating that antigen-specific T cells are costimu-
lated through the Fas molecule expressed on the T-cell
surface. The involvement of Fas in tissue damage has been
shown in other tissue-specific autoimmune diseases,
namely autoimmune thyroiditis, multiple sclerosis, and
insulin-dependent diabetes mellitus. Thyroid cells obtained
from patients suffering from autoimmune thyroiditis were
shown to express Fas and FasL in response to cytokines
and to be targets of Fas-mediated apoptosis [26]. Similarly,
oligodendrocytes purified from multiple sclerosis patients
were targets of Fas-mediated apoptosis [27,28]. NOD
mice, an animal model of insulin-dependent diabetes melli-
tus with a mutation of the Fas gene (NOD/Ipr mice), do not
develop diabetes, pointing to a role of the Fas cell-death
pathway in tissue damage in this disease as well [29].

Conclusion

Our findings, combined with conflicting reports showing
that synovial T cells express Fas and FasL, that they are
apoptosis-resistant or apoptosis-sensitive, and that syno-
vial fibroblasts, chondrocytes, and osteoblasts are suscep-
tible to anti-Fas-induced apoptosis [16,21-24], indicate an
important pathogenic role for the Fas pathway in CIA. This,
in addition to earlier findings on the modulation of Fas sen-
sitivity of local joint cells by TNF-a. [46], points to crosstalk
between different cell-death pathways and suggests that a
delicate balance between anti- and pro-apoptotic mole-
cules exists in the rheumatoid synovium and that a pro-
apoptotic shift of the balance may be partly responsible for
the pathology of RA.
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