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ABSTRACT Rheumatoid arthritis (RA) is an autoim-
mune disease associated with the HLA-DR4 and DR1 alleles.
The target autoantigen(s) in RA is unknown, but type II
collagen (CII) is a candidate, and the DR4- and DR1-
restricted immunodominant T cell epitope in this protein
corresponds to amino acids 261–273 (CII 261–273). We have
defined MHC and T cell receptor contacts in CII 261–273 and
provide strong evidence that this peptide corresponds to the
peptide binding specificity previously found for RA-associated
DR molecules. Moreover, we demonstrate that HLA-DR4 and
human CD4 transgenic mice homozygous for the I-Ab

b
0 mu-

tation are highly susceptible to collagen-induced arthritis and
describe the clinical course and histopathological changes in
the affected joints.

Rheumatoid arthritis (RA) is an autoimmune disease of
unknown cause with a high prevalence (1%) (1). RA is
characterized by a chronic inflammation of the synovial joints
that become infiltrated with a variety of leukocytes, which
together with activated synoviocytes form the pannus of
proliferative tissue that overgrows the articular cartilage. This
leads to a progressive destruction of the articular cartilage and
subsequent erosion of the underlying bone. The ultimate result
of the inflammatory process is joint deformity and loss of joint
function.

Inherited susceptibility to RA is associated with the DRB1
genes encoding the HLA-DR4 and HLA-DR1 molecules (2).
Structural and functional studies of the disease-associated
HLA-DR molecules suggest that the molecular basis for the
disease association is selective binding of autoantigenic pep-
tides that are presented to CD41 T cells, which in turn may
initiate or perpetuate an immune response leading to disease
(3–5). The nature of the target autoantigen(s) in RA is
unknown, but type II collagen (CII) is a candidate because it
is the predominant protein of articular cartilage and because
CII-specific immunity is associated with RA (6–12). More-
over, mice, rats, and primates all develop inflammatory ar-
thritis following immunization with CII, i.e., collagen-induced
arthritis (CIA) (13–15), which in many aspects resembles RA.

To generate a new animal model for RA, we have estab-
lished HLA-DR4 (DRB1*0401, DRA1*0101) and human
CD4 transgenic mice and have shown that the transgenes are
expressed in a tissue-specific manner and are functional (16).

Using these mice and a predictive algorithm for peptide
binding to DR4, we have identified an immunodominant T cell
epitope in CII corresponding to residues 261–273 (CII 261–
273) (17). Here, we report a detailed characterization of MHC
and T cell receptor contacts in this epitope and provide strong
evidence that it corresponds to the peptide binding specificity
previously found for RA-associated DR molecules. Moreover,
we demonstrate that HLA-DR4 and human CD4 transgenic
mice are highly susceptible to CIA and describe the clinical
course and histopathological changes in the affected joints.

MATERIALS AND METHODS

Mice. HLA-DR4 and human CD4 transgenic mice on the
DBA1/J background (16) and DBA1/J mice were bred at the
Department of Experimental Medicine at the University of
Copenhagen. Transgenic mice were backcrossed twice to
MHC class II deficient mice (Ab

b
0/0) (18) (Taconic, German-

town, NY), and transgenic and non-transgenic offspring ho-
mozygous for the Ab

b
0 mutation were selected for this study by

flowcytometric analysis of peripheral blood mononuclear cells
stained with anti-HLA-DR, -human CD4, and -I-Aq antibodies
(Becton Dickinson and PharMingen).

Affinity Purification of HLA Molecules and Peptide Binding
Assays. HLA-DRA1*0101/-DRB1*0401 (DRB1*0401) mole-
cules were purified by affinity chromatography from lysates of
the Epstein—Barr virus-transformed human B cell line, Priess,
as recently described (19). Peptides were synthesized by flu-
orenylmethoxycarbonyl chemistry (Schafer-N, Copenhagen,
Denmark). Purity (.95%) was verified by reversed-phase
HPLC and integrity by mass spectrometry. Peptide binding
assays were performed as recently described in detail else-
where (19).

T Cell Hybridoma Generation. HLA-DR4 and human CD4
transgenic mice were immunized with the CII 261–273 peptide
emulsified in Complete Freund’s Adjuvant (Sigma) by intra-
dermal injections of 100 mg of peptide at the base of the tail.
Ten days later, the draining lymph nodes were removed, and
single cell suspensions were prepared and restimulated in vitro
by plating out 2 3 106/well in 24-well titer plates together with
100 mg/well of the CII 261–273 peptide and fused 48 h later
with the T cell receptor a /b negative variant of the BW5147
cell line (17). Selection was carried out, and the resulting
positive wells were expanded and assayed for IL-2 production
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as described below. The CII 261–273 specific T cell lines were
subcloned by limiting dilution.

T Cell Antigen Receptor (TCR) cDNA Amplification and
Analysis. TCR Va and Vb gene usage were determined by
PCR amplification of cDNA from each hybridoma using Va-
and Vb-specific primers, a Ca-specific primer, and a Cb
primer specific for Cb1 and Cb2 (20, 21). The PCR products
were subcloned into the phagemid TA vector (Invitrogen) and
sequenced on a 373A DNA Sequencer (Applied Biosystems).
The resulting DNA sequence was translated into amino acids,
and the CDR3 regions were determined as previously de-
scribed (22).

T Cell Stimulation Assay. The T cell hybridomas were
incubated with the DRB1*0401-positive Epstein—Barr virus-
transformed human B cell line, Priess, as antigen-presenting
cells, and varying concentrations of peptide. Antigen-
presenting cells (5 3 104 cells/well) were irradiated with 2100
rad before use and preincubated with dilutions of the relevant
peptide for 2 h at 37°C, before addition of the hybridoma cells
(2 3 104 cells/well) and incubation at 37°C for 24 h. Subse-
quently, 100 ml of the supernatant from each well was aspirated
for IL-2 determination using an IL-2 specific sandwich ELISA
based on an Eu31-labeled streptavidin detection system as
previously described (17). The resulting fluorescence was
measured in a time-resolved fluorometer (Wallac, Finland).

Induction and Evaluation of Arthritis. Mice were immu-
nized at 7–12 weeks of age intradermally at the base of the tail
with 100 mg of bovine CII emulsified in Complete Freund’s
Adjuvant and given a boost injection with 50 mg of CII
emulsified in Incomplete Freund’s Adjuvant (Sigma) at day 40.
The mice were bled at days 35 and 55 after immunization, and
the amount of CII-reactive antibodies in the sera was detected
by quantitative ELISA (23). Clinical scoring of arthritis was
performed as described (24). The animal experiments were
approved by the author’s institutional review board.

Immunhistopathology. Paws from representative mice were
taken at day 60 and were analyzed with histopathological and
immunohistochemical techniques. One of the paws from each
mouse was fixed in formaldehyde, decalcified, and stained with
hematoxylin-eosin on paraffin sections. Another paw from
each mouse was decalcified in EDTA, snap-frozen, and cryo-
sectioned as described previously (25). Cryosections were
subjected to immunohistochemical analyses using techniques

as described (25) and using antibodies against CD4 (H129.19),
CD8 (53.6.7), CD11b (M1/70), and HLA-DR (L243).

RESULTS

Identification of HLA-DRB1*0401 Binding Residues within
CII 261–273. We have recently identified an immunodominant
T cell epitope in CII corresponding to residues 261–273 (CII
261–273) (17). As a first step in defining the structural
requirements for the formation of HLA-DRB1*0401:CII 261–
273 complexes, a series of CII 261–273 monosubstituted Ala
analog peptides were synthesized, and their relative binding
affinities to DRB1*0401 molecules were determined and
compared with that of the native CII 261–273 peptide (Table
1). The measured IC50 value of the natural CII-261–273
sequence was 180 nM, consistent with our previous results
(17). Substitution of Phe-263 by Ala abrogated peptide binding
to the DRB1*0401 molecules, which is consistent with data
obtained with a shorter analog of the parent sequence trun-
cated after Phe-263 from the N terminus (17). Several other
potential MHC contacts were identified within CII 261–273;
Ala substitutions of Lys-264, Glu-266, and Pro-269 resulted in
peptides that were bound with approximately 5–10 times lower
affinities than the parent peptide, whereas Ala substitutions of
Gly-265, Gly-271, and Glu-272 resulted in analogs with ap-
proximately 5–10 times higher affinity than the parent peptide.
Ala substitutions of Gln-267, Gly-268, Lys-270, and Pro-273
only marginally changed the apparent binding affinity. We
have recently hypothesized that Phe-263 is occupying the
hydrophobic P1 pocket and Glu-266 the positively charged P4
pocket in the HLA-DRB1*0401 peptide binding site (17). This
assumption was further substantiated by a new series of
selected monosubstituted analog peptides, which were synthe-
sized and tested for their binding affinity (Table 1). Thus,
Phe-263 could be substituted with another amino acid with an
aromatic side chain, Tyr, with only a very modest loss in
detectable binding affinity, whereas a polar amino acid, Asn,
in this position was incompatible with peptide binding. Both
results are in accordance with the peptide binding require-
ments for the P1 pocket (5, 26, 27). Substitution of the
negatively charged Glu-266 with the negatively charged Asp
resulted in a 10-fold loss of binding affinity, whereas replace-
ment with the positively charged Lys and Arg resulted in
peptides that were bound with approximately two orders of

Table 1. Experimentally determined IC50 values for the binding of monosubstituted CII261-273 analogs to
HLA-DRB1*0401

Peptide

Amino acid sequence and putative position in the binding pocket IC50
(nM)P-1 P-2 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11

CII261-273 A G F K G E Q G P K G E P 180
CII262A A A F K G E Q G P K G E P 52
CII263A A G A K G E Q G P K G E P .35,000
CII264A A G F A G E Q G P K G E P 2022
CII265A A G F K A E Q G P K G E P 21
CII266A A G F K G A Q G P K G E P 1249
CII267A A G F K G E A G P K G E P 115
CII268A A G F K G E Q A P K G E P 65
CII269A A G F K G E Q G A K G E P 781
CII270A A G F K G E Q G P A G E P 77
CII271A A G F K G E Q G P K A E P 40
CII272A A G F K G E Q G P K G A P 24
CII273A A G F K G E Q G P K G E A 429
CII263N A G N K G E Q G P K G E P .35,000
CII263S A G S K G E Q G P K G E P .35,000
CII263Y A G Y K G E Q G P K G E P 541
CII266D A G F K G D Q G P K G E P 2222
CII266K A G F K G K Q G P K G E P .35,000
CII266R A G F K G R Q G P K G E P .35,000
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magnitude lower affinity. These results are in accordance with
the peptide binding requirements for the P4 pocket (5, 27).

T Cell Receptor Recognition of HLA-DRB1*0401/CII Com-
plex. To begin to analyze the structural requirements of T cell
receptor recognition of the DRB1*0401:CII 261–273 complex,
four DRB1*0401-restricted and CII 261–273-specific T cell
hybridomas (3838, C4, D3, and E11) generated from HLA-
DR4 and human CD4 transgenic mice immunized with the CII
261–273 peptide were used in this study. The primary struc-
tures of the four CII 261–273-specific T cell receptors were
determined, and T cell receptor contacts in the CII 261–273
sequence were mapped. The four hybridomas each used a
different Va gene segment: Va11 (3838), Va2 (C4), Va4 (D3),
and Va5T (E11) and also had different CDR3 sequences (data
not shown). In contrast, three of the hybridomas (3838, C4, and
D3) used the same Vb14 gene segment, whereas the E11
hybridoma used the Vb 1/10 segment. All four b chains used
different CDR3 sequences (data not shown).

To determine the TCR contact residues in the CII 261–273
peptide, the four hybridomas were tested for their ability to
recognize the complete set of monosubstituted Ala analogs of
CII 261–273 presented by a HLA-DRB1*0401-positive Ep-
stein—Barr virus-transformed human B cell line. To compare
the individual T cell hybridoma responses to the Ala analogs,
the IL-2 ELISA results were expressed as percentage of the
respective T cell response to the parent peptide (Fig. 1). As
expected on the basis of the MHC binding data, Ala substi-
tutions of Phe-263, Lys-264, and Gln-266 led to either dis-
rupted or reduced T cell stimulation. The individual T cell
hybridomas had different T cell receptor contact points, and
no single contact point was shared by all four hybridomas.
Three of the hybridomas (3838, D3, C4) recognized similar
contact points, whereas one (E11) had different structural
requirements for stimulation. Thus, individual Ala replace-
ments of Gly-268, Pro-269, or Lys-270 all led to disrupted
stimulation of hybridomas 3838, D3, and C4. These three
hybridomas differed from each other with respect to sensitivity
to Ala substitutions of Lys-264, Gly-265, and Gln-267. Thus,
Ala replacement of Gly-265 only led to disrupted stimulation
of hybridoma D3, whereas Ala substitution of Gln-267 affected
both hybridomas 3838 and D3 but not C4. Ala substitution of
the presumed MHC anchor, Lys-264, reduced the stimulation
of hybridoma 3838 by 50% but disrupted stimulation of C4 and
D3. This result indicates that Lys-264 also provides T cell
contact for at least the C4 and D3 hybridomas, because the

reduction in binding affinity of the corresponding Ala-
substituted analog does not fully explain the abrogated T cell
stimulation. Three T cell contact points were identified for
hybridoma E11: Gly-262, which was specific for this hybrid-
oma, Lys-264, which was shared with hybridomas C4 and D3,
and Gln-267 which was also recognized by hybridomas 3838
and D3. Three of the identified T cell receptor contact points,
Gly-262, Gly-265, and Gly-268, involved a Gly that has no side
chain for T cell receptor interaction, which therefore is likely
to be represented by the MHC:peptide complex in these
positions.

Induction of CIA in the DR4 and Human CD4 Transgenic
Mice. To facilitate the functional analysis of the role of
HLA-DR4 in the pathogenesis of RA, HLA-DR4 and human
CD4 transgenic mice were backcrossed twice to MHC class
II-deficient mice (Ab

b
0/0) (18). In the resulting offspring mice,

the expression of the transgenes was similar to that previously
described for HLA-DR4 and human CD4 transgenic mice on
the DBA1/J background, and the peripheral T cell compart-
ment, deficient in the Ab

b
0/0 mice, was reconstituted as recently

reported (28) (data not shown).
Two experimental groups of DR4 and human CD4 trans-

genic/I-Ab
b

0/0 mice, nontransgenic Ab
b

0/0 mice and DBA/1
mice, were tested for susceptibility to CIA (Table 2). After the
first CII immunization, arthritis developed in 25% of the DR4
and human CD4 transgenic/I-Ab

b
0/0 mice and in 56% of the

DBA/1 mice in the first experimental group and in 14% of the
DR4 and human CD4 transgenic/I-Ab

b
0/0 mice and in 18% of

the DBA/1 mice in the second experimental group. After the
second CII immunization given at day 40, arthritis developed
in 88% of the DR4 and human CD4 transgenic/I-Ab

b
0/0 mice

and 89% DBA/1 mice in group 1 and 57% of the DR4 and
human CD4 transgenic/I-Ab

b
0/0 mice and 82% of the DBA/1

mice in group 2, whereas the nontransgenic Ab
b

0/0 littermates
were resistant to disease (Table 2, data not shown).

In both DR4 and human CD4 transgenic/Ab
b

0/0 mice and
DBA/1 mice, the peripheral joints in the front and rear paws
were severely affected (Table 2, Fig. 2), showing erythema and
swelling, which decreased after 3–4 weeks, leaving the affected
paws deformed. Day of onset and severity of disease were
similar for DR4 and human CD4 transgenic/Ab

b
0/0 mice and

DBA/1 mice (Table 2). Histopathology of joints from arthritic
paws from DR4 and human CD4 transgenic/I-Ab

b
0/0 mice

showed severely deformed joints and areas of both active
inflammation and new bone and cartilagenous formation (Fig.

FIG. 1. Stimulatory effect of monosubstituted CII 261–273 alanine analogs on four different HLA-DRB1*0401 and CII 261–273 specific T cell
hybridomas. Putative positions in the HLA-DRB1*0401 binding pocket (P-2 to P11) of the amino acids in the CII261–273 peptide are indicated.
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3). Immunohistopathologic analysis showed the presence of
infiltrating CD41 T cells and a pronounced pannus formation
with activated macrophages and neutrophils as determined by

their strong CD11b expression. Expression of HLA-DR was
seen on some of the synovial macrophages and on Langerhans
cells in the epidermis (data not shown).

The DR4 and human CD4 transgenic/Ab
b

0/0 mice and the
DBA/1 mice developed high levels of antibodies to bovine CII,
crossreactive to mouse CII, whereas no response was seen in
the I-Ab

b
0/0 mice (Table 3). The DR4 and human CD4

transgenic/I-Ab
b

0/0 mice tended to make a stronger response
than the DBA/1 with a higher fraction crossreacting to mouse
CII especially at late stages (day 55), but these differences were
not significant. Furthermore, the response was dominated by
IgG2a antibodies, indicating a Th1 type of response. Again, the
DR4 and human CD4 transgenic/I-Ab

b
0/0 mice made a rela-

tively stronger IgG2a than IgG1 response.
In summary, the arthritis development and immune re-

sponse against CII in DR4 and human CD4 transgenic/I-Ab
b

0/0

mice were similar to CIA as seen in H-2q mice with the
exception that autoantibody response to CII tended to be
stronger in the DR4 and human CD4 transgenic/I-Ab

b
0/0 mice.

FIG. 2. Collagen-induced arthritis in DR4 and human CD4 trans-
genic/Ab

b
0/0 mice. Plantar (A) and dorsal (B) views of rear paws of a

DR4 and human CD4 transgenic/Ab
b

0/0 mouse (right) and a transgene
negative Ab

b
0/0 littermate (left). Peripheral joints of the transgenic

mouse are severely affected showing erythema and swelling, which
decreased after 3–4 weeks leaving the affected paws deformed.

FIG. 3. Histopathology of an arthritic joint from a DR4 and human
CD4 transgenic/I-Ab

b
0/0 mouse immunized with CII. Hematoxylin-

eosin staining of a distal interphalangeal joint obtained 60 days after
CII immunization. Both inflammatory pannus tissue (P) eroding the
bone (E) and cartilage surface and new cartilage formation (CF) are
seen. The joint space (JS) is filled with fibrin.

Table 2. Frequency, onset, and severity of arthritis

Frequency
of disease

Mean day
of onset†

Mean max
score‡

Group 1
DBAy1 8y9 38 (25–51) 9.9 (2, 1)
DR4yhuCD4 tg 7y8 47 (39–51) 11.3 (0, 4)
Non tg 0y13 — —

Group 2
DBAy1 9y11 45 (21–51) 7.4 (2, 0)
DR4yhuCD4 tg 8y14 46 (27–54) 9.7 (2, 5)
Non tg 0y15 — —

†Includes all mice with clinical arthritis. Range of day of onset is given
in parentheses.

‡Mice sacrificed for photography or histopathology during the exper-
iment are not included. The standard deviation is given in parenthe-
ses. Tg, transgenic.

Table 3. Antibody specific for bovine CII (bCII) and murine CII
(mCII) at days 35 and 55 after bovine CII immunization

Strain

Mean IgG (mgyml)†

bCII day 55

mCII

day 35 day 55

DBAy1 698 (430–966) 111 (46–176) 620 (87–1153)
DR4yhuCD4 tg 1023 (415–1631) 68 (8–120) 1188 (308–2068)
Non tg 0 ND ND

Strain

Mean IgG1 (mgyml)
mCII

Mean IgG2a (mgyml)
mCII

day 35 day 55 day 35 day 55

DBAy1 26 (1–51) 101 (6–196) 22 (9–35) 128 (15–241)
DR4yhuCD4 tg 30 (2–56) 233 (74–392) 29 (2–56) 496 (158–834)
Non tg ND ND ND ND
†Only results from experimental group 1 are shown but are analogous
to those obtained in experimental group 2. No antibody response was
observed in unimmunized mice. The 95% probability limits of the
mean is given in parentheses. ND, not determined. Tg, transgenic.
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DISCUSSION

Inherited susceptibility to RA is in most ethnic groups asso-
ciated with the genes encoding the HLA-DR4 and HLA-DR1
molecules (2). Structural and functional studies of these mol-
ecules provide strong circumstantial evidence that selective
binding of peptides is the molecular basis for the HLA-DR
association (3–5, 17). Thus, the crystal structures of the
HLA-DR4 and HLA-DR1 molecules have revealed that amino
acids 67–74 of the b chain, which are shared between RA-
associated HLA-DR alleles, are located in the antigen binding
cleft of the molecule where they contribute to the formation
of the P4 pocket (3, 4). Functional studies have shown that the
peptide binding specificity of HLA-DR4 molecules correlates
with RA association and depends largely on a single amino
acid corresponding to position 71 of the b chain, which is found
in the P4 pocket. Thus, a negative charge is accepted and a
positive charge is not accepted by the RA-associated DR4
subtypes in position 71 of the DR b chain, and the opposite is
the case for the non-associated 0402 molecule (5). However, it
is currently unknown which autoantigenic peptides are pre-
sented by the RA-associated HLA-DR molecules to disease-
mediating CD41 T cells, but it is likely that they are derived
from cartilage proteins.

Thus, a specific immune response toward the major cartilage
collagen, CII, clearly exists in many RA patients. IgG anti-
bodies of the IgG type specific for CII have been observed in
peripheral blood (6), in the synovial f luid (7), bound to
cartilage (8), and secreted by blood and synovial B lympho-
cytes (9). The B lymphocyte response to CII is also higher in
DR4-positive RA patients than in DR4 negative (10, 11).
Moreover, CII-specific T cells have been shown to persist in
the synovial membrane of active rheumatoid joints (12).

We have recently identified a DRB1*0401-restricted immu-
nodominant T cell epitope in human and bovine CII corre-
sponding to residues 261–273 (CII 261–273) (17). On the basis
of a model generated from the crystal structure of HLA-DR1
complexed with an influenza hemagglutinin peptide, we have
suggested that Phe-263 is occupying the large nonpolar P1
pocket and Glu-266 the positively charged P4 pocket in the
HLA-DRB1*0401 peptide binding site (17). Our new studies
with monosubstituted CII 261–273-derived peptide analogs
confirm this hypothesis, which is also supported by a recent
model of the same complex based on the crystal structure of
HLA-DR4 complexed with another CII-derived peptide (4).
Further, according to the latter model Gly-268 (P6), Pro-269
(P7), and Gly-271 (P9) are at least partially buried in pockets,
whereas Ala-261 (P-2), Gly-262 (P-1), Lys-264 (P2), Gly-265
(P3), Gln-265 (P5), Lys-270 (P8), Glu-272 (P10), and Pro-273
(P11) are substantially exposed to solvent with the side chains
of Gln-265 (P5) and Lys-270 (P8) extending directly into
solution, which also, in general, is in accordance with our MHC
binding and T cell recognition results. Based on the model
proposed by Dessen et al. (4), peptide residues from P-2 to P8
are expected to be covered by the footprint of a TCR based on
the orientation and contact area seen in the MHC class
I-peptide interface (29). In accordance, we have identified
seven different T cell receptor contacts in a sequence core
extending from position Gly-262 (P-1) through Lys-270 (P8).
Our analysis does not include P-2 because Ala is the native
amino acid in this position. Together, these data provide a
detailed understanding of the DRB1*0401-restricted T cell
recognition of the CII261–273 peptide.

We also demonstrate in this study that HLA-DR4 and
human CD4 transgenic mice homozygous for the MHC class
II ‘‘knock out’’ mutation (I-Ab

b
0/0) are highly susceptible to

CIA that clinically and histopathologically share significant
similarities with those found in mice with CIA-susceptible H-2
haplotypes, including composition of infiltrating cells, erosion/
remodeling, and severity (30). Interestingly, HLA-DR4 and

human CD4 transgenic mice on the CIA-susceptible DBA/1
H-2q background, expressing I-A but no I-E molecules, de-
velop less arthritis than both the native DBA/1 mice and the
HLA-DR4 and human CD4 transgenic mice expressing no
endogenous MHC class II molecules (31). The reason for this
dichotomy in susceptibility between these two strains of HLA-
DR4 and human CD4 transgenic mice is unclear but could
reflect undefined epistatic interactions that are different in the
two genetic backgrounds, including a protective effect of the
HLA-DR4 and/or human CD4 transgenes on the DBA/1
background, which could be mediated through a changed
cytokine balance or T cell repertoire.

HLA-DR1 (DRB1*0101) transgenic mice has recently been
reported also to be susceptible to CIA (32), and the clinical
course and histological joint changes seem to be similar to
those observed in our DR4 and human CD4 transgenic mice.
Moreover, the DR1-restricted immunodominant CII peptide
apparently corresponds to the DR4-restricted epitope (32).
Neither of these findings is unexpected owing to the structural
homology of the peptide binding pockets between these two
RA-associated HLA-DR molecules. Interestingly, the DR1
transgenes confer CIA susceptibility on the B10.M/Sn (H-2f)
arthritis-resistant background expressing I-A but no I-E mol-
ecules. The I-Af molecules also restrict a T cell response toward
CII (32), which may therefore have contributed to, or possibly
partially protected from, the arthritis development. The simul-
taneous expression of the endogenous I-Af molecule might
therefore complicate a general interpretation of the specific
role of DR1 in shaping of the T cell repertoire and MHC class
II-restricted immune responses and consequently also compli-
cate a broader understanding of its role in arthritis causing
autoimmune responses. This concern is underscored by a
recent study demonstrating that thymic deletion mediated by
disease-protective MHC class II molecules seems to be a major
factor in the development of autoimmune diseases (33). Nev-
ertheless, both DR4 and DR1 transgenic mice will most likely
be valuable in the understanding of the pathogenesis of
HLA-DR-associated inflammatory arthritis and development
of novel therapeutic strategies.

It has recently been proposed that HLA-DQ and not
HLA-DR alleles mediate susceptibility to RA (34). This
hypothesis is based on the well known linkage disequlibrium
between the RA-associated DR4 alleles and the DQ7 and DQ8
alleles combined with the recent observations that HLA-DQ8
transgenic mice are susceptible to CIA (35) and that the
immune response in these mice to peptides from the third
hypervariable region of HLA-DRB1 molecules correlates with
predisposition to RA (36). According to this hypothesis, the
DRB1 locus is in general conferring protection to RA, whereas
the RA-associated DRB1 alleles are not responsible for the
primary disease association but merely permissive for the
susceptibility conferred by the HLA-DQ alleles with which
they are in linkage disequlibrium (34). If DQ8 indeed was the
HLA class II molecule responsible for susceptibility to RA,
whereas the RA-associated DRB1 molecules were merely
playing a permissive role, one would expect that the vast
majority of RA patients carrying the RA-associated DR4
molecules would be DQ8 positive. To test this hypothesis, we
have performed a critical review of the literature on the HLA
association in RA with special emphasis on studies in which
both an HLA-DR and -DQ association has been investigated
(37). Our analyses provide strong evidence against the hypoth-
esis that HLA-DQ molecules play a major role in the general
susceptibility to RA and demonstrate the strongest association
in RA is with DRB1 genes rather than DQB1 genes.
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