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ABSTRACT The induction of arthritis in DBA/1 mice
usually requires immunization with the antigen type II col-
lagen emulsified with Mycobacterium tuberculosis in oil. Here
we describe that interleukin 12 (IL-12) can replace mycobac-
teria and cause severe arthritis of DBA/1 mice when admin-
istered in combination with type II collagen. Immunization of
DBA/1 mice with type II collagen emulsified in oil alone
resulted in a weak immune response, and only a few animals
(10-30%0o) developed arthritis. Administration of IL-12 for 5
days simultaneously with each immunization strongly en-
hanced the anti-type II collagen immune response. Collagen-
specific interferon y (IFN-y) synthesis by ex vivo activated
spleen cells was enhanced 3- to 10-fold. IFN-'y was almost
completely produced by CD4+ T cells. Furthermore, the
production of collagen-specific IgG2a and IgG2b antibodies
was upregulated 10- to 100-fold. As a consequence, the inci-
dence of arthritis in the group of mice immunized with
collagen plus IL-12 was very high (80-100%). The developing
arthritis was severe, involving -50% of all limbs with strongly
increased footpad thickness in most cases. Furthermore,
histological examination revealed massive, mainly polymor-
phonuclear cell infiltration, synovial hyperplasia, cartilage
and bone destruction, as well as new bone formation. In many
cases, this resulted in the complete loss of joint structure.
Neutralization of IFN-'y in vivo prevented the development of
arthritis in collagen-immunized and IL-12-treated mice. In
conclusion, our data show that in vivo administered IL-12 can
profoundly upregulate a T helper 1-type autoimmune re-
sponse, resulting in severe joint disease in DBA/1 mice.

Intradermal injection of native type II collagen (CII), a major
component of cartilage, in adjuvant induces an arthritogenic
reaction in susceptible rats (1) and mice (2). In mice, immu-
nization with CII emulsified in complete Freund's adjuvant
(CFA) triggers arthritis more rapidly and with higher incidence
than immunization with CII emulsified with incomplete
Freund's adjuvant (IFA). In both species, the disease is
characterized by synovial cell proliferation and infiltration of
inflammatory cells into the synovium, the joint cavity, and the
periarticular tissue. This is followed by cartilage and bone
erosion with new bone formation resulting in destruction or
ankylosis ofjoints (1-3). In many aspects, CII-induced arthritis
in rats or mice resembles human rheumatoid arthritis (4). It is
widely used as an experimental animal model of rheumatoid
arthritis.
T and B lymphocytes are involved in the immune response

to CII in mice (5). The susceptibility to arthritis is linked to the
H-2q haplotype and is correlated with a high antibody response
to the antigen (6, 7). However, some strains of mice elicit
substantial antibody responses but fail to develop arthritis (6,
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8). Studies by Watson and Townes (8) revealed that not the
overall antibody production but rather the IgG2a (and to some
degree IgG2b) response is associated with the development of
arthritis. The importance of an antibody response in the
pathogenesis of collagen-induced arthritis was recently docu-
mented by Durie et at (9), who used an antibody against gp39
(the ligand for CD40) to prevent the humoral anti-collagen
response and the development of arthritis in DBA/1 mice.
However, the induction of severe chronic arthritis in naive
mice requires the transfer of CII-specific antibodies in com-
bination with specific CD4+ T lymphocytes (10). In H-2q mice
the CII-specific T cells appear to belong to the T helper 1 (Thl)
subset of CD4+ T lymphocytes. Upon antigen-specific in vitro
stimulation with CII, spleen cells from immunized mice syn-
thesize interferon y (IFN--y) (11). Because IFN-,y can induce
immunoglobulin isotype switching to IgG2a (12), this cytokine
might be involved in the regulation of collagen-specific IgG2a
production. Interleukin 12 (IL-12) is a recently cloned (13)
heterodimeric cytokine exerting many immunomodulatory ef-
fects reviewed in (refs. 14 and 15). These include the stimulation
of IFN-y synthesis and a strong enhancement ofThl cell develop-
ment (16, 17). This led us to test whether IL-12 administered to
DBA/1 mice immunized with CII in IFA (without mycobacteria)
would trigger an autoimmune response. Without IL-12 treatment,
only a few animals developed arthritis, whereas nearly all IL-12-
treated animals developed a severe destructive joint disease.

MATERIALS AND METHODS
Animals. DBA/1 mice were obtained from Charles River

Breeding Laboratories. They were bred at the local animal
facility. Female and male mice were used in the experiments
at 8-12 weeks of age.

Collagen and Reagents. Chicken CII was purchased from
Sigma. It was dissolved in 0.01 M acetic acid at a concentration
of 4 mg/ml. IFA and CFA were from Difco. Purified murine
recombinant IL-12 (>95% pure IL-12, as assessed by SDS/
PAGE; <5 endotoxin units/mg, as determined by the Limulus
amebocyte assay) was prepared from supernatant of trans-
fected CHO cells (18). The monoclonal antibody (mAb) GK1.5
(19) against mouse CD4 and mAbs H02.2 and 3.155 (20)
against mouse CD8 were used to deplete the respective T-cell
subset from whole spleen cell suspensions by complement-
mediated lysis. The hybridoma XMG1.2 (21) secreting a
neutralizing anti-IFN-,y mAb was a kind gift of T. Mosmann
(University of Alberta, Edmonton, Canada). The antibody was
purified from culture supernatants and used to neutralize
IFN-,y in vivo. Rat IgG as a control was purchased from
Dianova (Hamburg, Germany). A pair of mAbs recognizing
different epitopes of IFN-'y (mAb R46A2 and biotinylated
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mAb AN-18.17.24) were used to measure IFN-,y by ELISA
(17). Streptavidin peroxidase was bought from Boehringer
Mannheim. The peroxidase substrate 2,2'-azinobis(3-ethylbenz-
thiazoline 6-sulfonic acid) (ABTS) was obtained from Sigma.

Immunization. Chicken CII was emulsified with an equal
volume of either IFA or CFA. The resulting emulsion was
injected intradermally into the auriculars of both ears and one
site at the back of each mouse. Each mouse received a total
volume of 0.1 ml containing 100 ,ug of CII. Booster immuni-
zations were performed with 100 ,ug of CII in PBS in a total
volume of 0.1 ml injected i.p. Some mice received IL-12
(dissolved in PBS containing 1% syngeneic normal mouse
serum) for 5 days simultaneously with each CII immunization
by i.p. injection. IL-12 (50 ng/day in experiments 1-3; 1000 or
200 ng/day in experiments 4 and 5) was administered i.p. in a
total volume of 0.2 ml starting 1 day before the CII immuni-
zation. Mice not treated with IL-12 received 0.2 ml of PBS with
1% normal mouse serum daily for 5 days. Some IL-12-treated
animals received anti-IFN-ymAb XMG1.2 (2 x 1 mg i.p. 1 day
before and 2 days after the immunization with collagen) to
neutralize endogenous IFN-,y or rat IgG as a control.

Determination of the Incidence of Arthritis and Measure-
ment of Footpad Thickness. Arthritis was evaluated by exam-
ining daily all paws of individual mice for signs of arthritis. Data
indicate the presence of definitive arthritis characterized by
erythema and swelling of digits and/or paws without grading of
severity. In addition, swelling was quantitated by measuring the
thickness of the foot (dorsal/ventral) and the width of the ankle
(malleolus lateral/medial) with a micrometer caliper (Mitutoyo,
Japan).

Histology. Limbs were fixed in 4% buffered formalin and
decalcified with EDTA. Paraffin-embedded material was cut
into 5-gm-thick sections and stained with hematoxylin and
eosin.
Assay for Detection of Anti-CII-Specific T-Cell Responses.

Spleens of mice immunized with CII in IFA (without or with
IL-12) were prepared at the end of the respective experiments
(experiment 2, day 74; experiment 3, day 64). Tissue was
minced through sterile wire mesh, resulting in single cell
suspensions. Whole spleen cell suspensions and CD4- or CD8-
depleted spleen cell suspensions were stimulated at a density
of 106 cells per ml in 48-well culture plates with 100 ,ug of CII
per ml. Activation supernatants were collected after 24,48, and
72 hr and tested for IFN-'y by specific ELISA as described (17).
CD4 or CD8 cell depletion was performed by incubating whole
spleen cells with mAb GK1.5 or H02.2 plus 3.155 and guinea
pig complement. This procedure was repeated once. The
remaining cells were then washed twice with PBS, counted
again, and used at a density of 106 cells per ml in the
experiments.
Assay for Detection of Serum Anti-CII Antibodies. Mice

were bled during the course of and at the end of the experi-
ments to determine (by ELISA) antibodies specific for native
CII in the sera. Briefly, ELISA plates (Maxisorb; Nunc,
Wiesbaden, F.R.G.) were coated overnight at 4°C with antigen
(10 ,ug of native CII per ml; 50 ,A per well) in phosphate buffer
(0.1 M NaH2PO4, pH 9.2) followed by overnight incubation
with a 2% skimmed milk powder solution to saturate nonspe-

cific binding sites. Serial 1:5 dilutions of the immune sera in
PBS with 0.1% Tween 20 were added (45 min per step)
followed by incubation with isotype-specific (IgGl, IgG2a,
IgG2b) biotinylated anti-mouse antisera (The Binding Site,
Birmingham, U.K.) or biotinylated sheep anti-mouse immu-
noglobulin antiserum (total immunoglobulin), streptavidin
peroxidase (1:5000) in PBS with 0.1% Tween 20, and the
substrate ABTS in reaction buffer (40 mM citric acid, pH 4.5,
0.0075% H202). ELISA plates were read at 414 nm after 20-60
min in a microplate reader (Immuno Reader NJ-2000; Nunc,
Wiesbaden, Germany). Plates were washed three times be-
tween each step with PBS containing 0.1% Tween 20. A

standard curve was generated from serial 1:2 dilutions of a
standard serum to calculate the antibody content (in arbitrary
units/ml; 1 unit = dilution with A414 of 0.5) in different sera.

RESULTS

High Incidence ofArthritis in DBA/1 Mice Immunized with
CII in IFA Plus IL-12. DBA/1 mice of the Mainz colony
develop arthritis with an incidence of 50-70% or 10-30%
when immunized with CII in CFA or IFA, respectively. When
CFA was used as adjuvant the joint disease observed was
usually severe, involving several limbs with extensive paw
swelling and bone deformation. In the case of IFA as adjuvant,
only a few animals develop arthritis, which is usually less severe
and sometimes restricted to one or two digits. Because myco-
bacteria can induce the synthesis of IL-12 by macrophages, we
tested whether IL-12 could replace mycobacteria and trigger/
enhance an (auto)immune response resulting in arthritis in
DBA/1 mice immunized with chicken CII in IFA. Mice were
treated with IL-12 for 5 days (day -1 to day +3) simulta-
neously with the primary and booster immunizations. Data of
five independent experiments are presented in Table 1. They
clearly document that administration of IL-12 stimulated an
autoimmune response. Joint disease developed with a very
high incidence (80-100%). This was evident in male (experi-
ments 1, 3, and 4) and female (experiments 2 and 5) DBA/1
mice. In experiment 3, the effect of IL-12 treatment was
compared directly between groups of mice immunized with
CII in CFA or IFA. Two of 10 mice in the IFA group and 5 of
10 mice in the CFA group had developed arthritis at day 64
after primary immunization. Administration of IL-12 strongly
promoted the development of joint disease in the IFA group
(10 of 10 mice) and also in the CFA group (9 of 10 mice). These
data indicate that IL-12 is a potent adjuvant promoting
autoimmune arthritis in DBA/1 mice when administered in
combination with CII even in the absence of mycobacterial
adjuvant.

Table 1. Time course of arthritis in CII-immunized DBA/1 mice
with or without IL-12

No. of arthritic mice/total no. of mice

CII in CII in
CII in IFA + CII in CFA +

Exp. Day IFA IL-12 CFA IL-12

1 35 0/4 2/4
47 0/4 4/4

2 36 0/10 2/9
52 0/10 8/9
74 2/9 8/9

3 37 1/10 5/10 4/10 4/10
51 2/10 7/10 5/10 7/10
64 2/10 10/10 5/10 9/10

4 37 2/5 3/9
53 2/5 5/9
74 1/5 8/9

5 36 1/10 3/15
42 1/10 8/15
104 2/10 13/15

Female mice were used in Exps. 2 and 5; male mice were used in
Exps. 1, 3, and 4. All mice received a primary intradermal injection of
100 jig of CII in IFA or CFA and were booster injected i.p. (100 ,ug
of CII in PBS) after 3 weeks. Mice were booster injected again in Exp.
1 at day 31, in Exp. 2 at days 31 and 42, in Exp. 3 at day 49, in Exp.
4 at day 42, and in Exp. 5 at day 74. Some groups of mice received i.p.
injections of IL-12 parallel to each CII immunization (5 days, 50 ng
daily in Exps. 1-3; 1000 or 200 ng in Exps. 4 and 5). Each mouse was
examined visually for signs of arthritis (erythema, swelling of digits or
paws) two to four times a week.
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Severe Destructive Joint Disease Develops in IL-12-Treated
DBA/1 Mice Immunized with CII. To characterize the severity
of arthritis, measurements of footpad and ankle thickness as
well as histological studies were undertaken. In general, only
a few DBA/1 mice immunized with CII in IFA develop
arthritis. This is shown in Fig. 1, where results of measuring
footpad thickness [comparing day 14 (before onset of arthritis)
with day 65] of the hindpaws are presented. In this particular
experiment, 2 of 10 mice of the group not treated with IL-12
developed arthritis and showed significant swelling of one paw
per mouse. In other experiments, mice of similarly treated
groups had a less severe arthritis, involving only some digits
without swelling of the paws. In contrast, all (10/10) mice of
the IL-12-treated group suffered from severe arthritis with
erythema and extensive footpad swelling (see Fig. 1) of at least
one limb (one mouse showed no swelling of the hindlimbs but
had a swollen forelimb instead). Measurements of the ankle
width from the medial to the lateral malleolus gave similar
results (not shown). The overall limb involvement in the
collagen-IFA-immunized group was 2/36 in experiment 2 and
5/40 in experiment 3, whereas it was 22/36 (experiment 2) and
26/40 (experiment 3) in the group of mice also treated with
IL-12. The animals were sacrificed on day 65, the swollen paws
were amputated, and longitudinal sections were examined
histologically. The joints (hindlimb) of nonarthritic mice of the
IL-12-untreated group appeared histologically normal (Fig.
2A). In contrast, the arthritic joints (hindlimb) of the IL-12-
treated mouse (Fig. 2B) were characterized by an extensive
inflammatory reaction of the synovia showing fibrin exudation
and intensive infiltration of polymorphonuclear cells and
macrophages. The synovial lining cells exhibited hypertrophic
and hyperplastic changes as a result of activation and prolif-
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FIG. 1. Comparison of footpad thickness of CII-immunized
DBA/1 mice with or without IL-12 treatment. DBA/1 mice were

immunized with CII in IFA without (A) or with (B) administration of
IL-12 (see Table 1, experiment 3). The thickness of the hind footpads
was measured before the onset of arthritis at day 14 and at day 63 with
a micrometer caliper. Values represent footpad thickness in mm (day
14 vs. day 63) for each individual hind footpad of all mice of the two
groups.

FIG. 2. Histological comparison of sections of a normal hindpaw
from a nonarthritic mouse with the hindpaw from an arthritic mouse.
(A) Normal metatarsophalangeal joint of a nonarthritic mouse. (He-
matoxylin and eosin; X98.) (B) Metatarsophalangeal joint of an
arthritic mouse with totally destroyed articular surfaces and severe
inflammatory reaction. (Hematoxylin and eosin; X98.) The nonar-
thritic mouse (A) was immunized intradermally with 100 ,ug of chicken
CII in IFA and received booster immunizations with 100 ,g of CII in
PBS i.p. at days 21 and 49. The arthritic mouse (B) was treated with
IL-12 (5 days; 50 ng/day) simultaneously with each immunization.
Mice were sacrificed at day 65.

eration. Clearly, severe damage of the articular surface ap-
peared, consisting of destruction of the cartilage and marginal
subchondral erosion of bones followed by intense osteoscle-
rosis and bone remodeling. Taken together, the results ob-
tained by measuring footpad thickness and histopathologic
examination of arthritic paws clearly demonstrate that immu-
nization of DBA/1 mice with chicken CII combined with
administration of IL-12 induces a severe destructive arthritis.
Treatment with IL-12 Promotes the Development of Colla-

gen-Specific CD4+ T Cells Producing IFN-'y. The cellular
immune response to CII in DBA/1 mice was investigated by
stimulating spleen cells ex vivo with collagen and measuring the
synthesis of IFN-'y after 24, 48, and 72 hr. Maximal levels were
reached after 48 hr. These data are presented in Table 2
(experiment 2 for female mice, experiment 3 for male mice).
In mice of both sexes, administration of IL-12 promoted the
development of T cells producing IFN-,y. Spleen cells from
mice immunized with CII in IFA produced rather low amounts
(10-20 units/ml) of IFN-'y upon antigen-specific activation in
vitro. There was no significant difference between arthritic and
nonarthritic mice regarding the synthesis of IFN-,y (unpub-
lished data). Treating mice simultaneously with the immuni-
zations with IL-12 increased the production of IFN-,y by spleen
cells -4-fold (male) or -12-fold (female). To determine the
nature of the IFN-y-producing cells, CD4+ T cells were
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Table 2. Treatment with IL-12 in vivo results in augmented IFN-y
production by CD4+ T cells ex vivo

IFN-y, units/ml
Spleen

Spleen cells +
Exp. Treatment cells CII

2 CII in IFA 1.2 13.8
CII in IFA + IL-12 4.6 176.3

3 CII in IFA 1.5 10.4
CII in IFA + IL-12 2.2 36.7
CD4+ depleted 0.6 0.8
CD8+ depleted 4.1 30.0

Spleen cells from arthritic mice (two or three per group) immunized
with CII in IFA or CII in IFA + IL-12 were prepared at day 74 (see
Table 1, Exp. 2) or day 64 (see Table 1, Exp. 3). Single cell suspensions
(3 x 106 cells per ml) were prepared and cultured with or without CII
(100 ,ug/ml). In addition, in Exp. 3, spleen cells from the CII in IFA
+ IL-12 group were depleted of either CD4+ or CD8+ T cells.
Forty-eight hours later, the activation supernatants were collected and
the amount of IFN-,y was determined by ELISA.

depleted prior to antigen-specific activation. This treatment
eliminated IFN-y synthesis. Depletion of CD8+ T cells had no
effect. Thus, administration of IL-12 to DBA/1 mice immu-
nized with CII led to increased IFN-'y synthesis by CD4+
Thl-like cells.
The Humoral Immune Response to CII Is Strongly Upregu-

lated in IL-12-Treated Mice. Antibodies specific for CII,
especially of the IgG2a subclass, play a major role in the
pathogenesis of arthritis in the model described here (6-9).
Therefore, we investigated the collagen-specific overall anti-
body production as well as the IgG subclass pattern in the sera
of female and male DBA/1 mice. Data derived from sera taken
at two time points-one during the course of the experiment
and a second at the end-are presented in Fig. 3. The mean of
all mice of different groups (IL-12-treated vs. nontreated) is
presented regardless of whether or not the mice had developed
arthritis. In general, arthritic mice of the CII in IFA group had
relatively high antibody titers, reaching those of IL-12-treated
mice. Mice of both sexes immunized with CII in IFA produced
substantial amounts of IgGl, IgG2a, and IgG2b. Administra-
tion of IL-12 enhanced the synthesis of CII-specific total
immunoglobulin by a factor of 3-6. However, the IgG sub-
classes were affected differentially. IgGl antibodies were
upregulated only slightly (2-fold). In contrast, CII-specific
antibodies of the IgG2b and IgG2a subclasses were upregu-
lated 3- to 18-fold and 10- to 37-fold, respectively. The increase
in antibody synthesis triggered by IL-12 was generally some-
what more pronounced in female than in male mice due to a
lower background in female mice. Thus, IL-12 treatment
strongly augmented the production of those IgG subclasses
(IgG2a and IgG2b) that are known to be of critical importance
in the pathogenesis of collagen-induced arthritis.
The IL-12-Induced Increase in Antibody Production and the

Development of Arthritis Are IFN-y-Dependent. One of the
major effects of IL-12 is the upregulation of IFN-,y production.
To investigate whether the effects of IL-12 in CII-induced
arthritis are IFN-,y dependent, a group of CII-immunized mice
received IL-12 in combination with the anti-IFN-y mAb
XMG1.2. None of 10 mice of this group developed arthritis
until day 64 after the primary immunization, whereas 10 of 10
mice of the IL-12-treated group and 2 of 10 mice of the group
not treated with IL-12 showed signs of joint disease. Similarly,
the 19- and 7.5-fold increases in the serum levels of CII-specific
IgG2a and IgG2b antibodies of CII-immunized and IL-12-
treated mice, compared to the antibody levels in the sera of
mice immunized with CII in IFA without administration of
IL-12 (IgG2a, 38,000 ± 30,000 units/ml; IgG2b, 71,000 ±
108,000 units/ml), were completely prevented when CII-
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FIG. 3. Comparison of serum anti-CII antibody titers of DBA/1
mice immunized with CII in IFA with or without IL-12. Mean values
± SD for total immunoglobulin, IgGl, IgG2a, and IgG2b in arbitrary
units/ml are shown for groups of mice immunized with CII in IFA or
with CII in IFA plus IL-12 treatment. (A) Results for female DBA/1
mice bled at day 74 (from experiment 2). (B) Results for male DBA/1
mice bled at day 64 (from experiment 3; see Table 1 legend).

immunized animals received IL-12 in combination with an
anti-IFN-,y mAb. Thus, the IL-12-triggered enhancement of
the CII-specific humoral immune response and the induction
of arthritis depend on synthesis of endogenous IFN-/y.

DISCUSSION
A major advance in understanding how the type of a devel-
oping immune reaction is regulated was the discovery made by
Hsieh et at (16) that certain bacteria can directly induce the
synthesis of IL-12 by antigen presenting macrophages and that
IL-12 promotes the differentiation of naive Th lymphocytes
into Thi cells. This effect of IL-12 is also evident in vivo where
it stimulates a protective Thl response in Leishmania major-
infected BALB/c mice, which, without IL-12 treatment, would
develop a disseminated infection (22, 23).
The experiments presented here demonstrate that IL-12 can

promote autoimmune joint disease in susceptible mice in vivo.
Immunization with CII in IFA induced arthritis in a few
animals only. Coadministration of IL-12 amplified the anti-CII
immune response. CII-specific production of the Thl-type
cytokine IFN-,y by ex vivo activated CD4+ splenic T cells was
increased, and synthesis of the "Thl-dependent" complement-
fixing IgG2a and IgG2b antibodies specific for CII was strongly
upregulated. In parallel, a severe destructive joint disease
developed in such mice. The histological changes observed in
the joints of these mice were very similar to those seen in
human rheumatoid arthritis. The development of arthritis in
IL-12-treated mice was completely prevented by coadminis-
tration of a monoclonal antibody against IFN-,y. In parallel, the
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IgG2a and IgG2b antibody response was reduced to the level
observed in the sera of mice immunized with CII in IFA only.
Thus, administration of IL-12 (in an IFN-y-dependent way)
can trigger a Thl-mediated autoimmune joint disease in
CII-primed DBA/1 mice in vivo. This extends in vitro findings
describing the generation of pathogen-specific Thl clones
from patients with reactive arthritis (24-26) or patients with
rheumatoid arthritis (27, 28), implicating Thl cells to be
involved in the pathogenesis of arthritis. The results described
here are also in agreement with a recent report by Simon et al
(29), who demonstrated the expression of a Thl-type cytokine
pattern in synovial tissues from rheumatoid arthritis patients.
The ability of lipopolysaccharide (LPS) from Gram-negative
bacteria as well as so far uncharacterized products from
Gram-positive bacteria, mycobacteria, and other microorgan-
isms (16, 30) to directly induce the synthesis of IL-12 by
macrophages might play a crucial role in the pathogenesis of
reactive arthritis or even in rheumatoid arthritis by promoting
Th cell differentiation into a Thl-like direction and by up-
regulating the synthesis of complement-fixing IgG antibodies.
Secretion of IL-12 by macrophages stimulated with LPS would
also explain the T-cell dependency of the adjuvant effect of
LPS in the model of experimental autoimmune thyroiditis
(31). Similar to the results obtained with IL-12 in experimental
arthritis, injection of LPS (or CFA) in combination with
thyroglobulin induced a destructive thyroiditis, characterized
by the production of autoantibodies and infiltration of mono-
nuclear cells into the thyroid gland.
At later stages of autoimmune arthritis, local synthesis of

cytokines such as tumor necrosis factor (TNF) is probably
responsible for progression of inflammation to a destructive
arthritis, because anti-TNF reagents ameliorated arthritis in
DBA/1 mice (32, 33). Furthermore, transgenic mice with a
deregulated expression of TNF develop chronic destructive
polyarthritis (34). Proinflammatory cytokines such as TNF are
probably released by macrophages primarily. Panayi et al (35)
suggested that in the pathogenesis of rheumatoid arthritis "the
T cell is the conductor of an orchestra playing a tune written
by the antigen-presenting cell." Regarding this, a Thl cell
might be the best conductor.
Taken together, the experiments described here demon-

strate that the development of a Thl-like immune reaction
associated with high levels of IgG2a (IgG2b) antibodies is of
critical importance for development of severe arthritis in the
animal model of CII-induced joint disease. By virtue of its
ability to preferentially enhance this response, IL-12 may play
a crucial role in the development of autoimmune arthritis and
other Thl-type autoimmune diseases such as diabetes in NOD
mice, experimental allergic encephalomyelitis, or experimen-
tal thyroiditis.
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