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generating a molecular model of the DRB1*0401 mole-
cule in complex with this peptide [23], it was directly
demonstrated that the CII 261–273 peptide matches the
peptide binding specificity of RA-associated DR mole-
cules [24]. The important question then was whether the
CII 261–273 peptide is recognized by T cells from RA
patients. Two recent studies have investigated this, and
came to different conclusions [25,26].

In the first study [25], T cell proliferative responses to
native CII and a CII 255–275 peptide (including the
261–273 peptide) were examined in RA patients,
osteoarthritis (OA) patients and healthy controls. All med-
ications were stopped 48 h before study entry. Even
though the peripheral blood T cell responses to native CII
were modest, the stimulation indices and the fraction of
individuals with positive T cell responses were significantly
higher in the RA group than in the OA patients and the
healthy controls. Comparison of synovial fluid and periph-
eral blood samples from RA patients showed that T cell
responses to native CII and the CII peptide in general were
higher in synovial fluid than in peripheral blood, and that
there was a good correlation between the T cell responses
to CII and the CII peptide. Interestingly, those RA patients
with a positive T cell response to native CII often had a
shorter disease duration than those with negative
responses, and positive T cells responses to CII were sig-
nificantly enhanced in early disease (<3 years) compared
with late disease (>3 years). Whether this correlation also
extends to the CII peptide was not investigated, but is likely
to be the case because of the observed correlation
between T cell reactivity to native CII and the CII peptide.

In the second study, fluorescent, soluble CII 261–273
peptide–DRB1*0401 complexes (tetramers) were used to
search for CD4+ T cells in synovial fluid from RA patients
[26]. The tetramers were shown to stain DRB1*0401-
restricted and CII 261–273-specific T cell hybridomas in a
specific manner, but did not stain a detectable fraction of
synovial CD4+ T cells. This suggests that the major oligo-
clonal CD4+ T cell expansion set in joints from this group
of RA patients does not recognize the dominant CII
epitope. However, this may be partly due to the fact that
nearly all patients were on multiple immunomodulatory
medications on study entry, and partly due to a rather long
disease duration in this RA group (mean duration of
disease, 13.8 years; range, 5–28 years). It will be interest-
ing to see whether tetramer stainings of T cells from RA
patients with shorter disease duration give another result,
and also interesting to compare tetramer staining and
functional T cell assays directly.

Development of humanized animal models for RA
One of the goals in generating transgenic mice expressing
RA-associated DR molecules was to develop humanized
animal models for RA. Neither DRB1*0401 nor

DRB1*0101 transgenic mice develop spontaneous arthri-
tis [16,17], which, however, was expected as RA is a poly-
genic disease with genetic factors other than HLA class II.
In addition, undefined nongenetic factors are thought to
play an important role in the development of disease [4].
When DRB1*0401 [22,27] and DRB1*0101 transgenic
mice [19] are immunized with native CII emulsified in com-
plete Freund’s adjuvant, the majority of the animals develop
inflammatory arthritis, which has interesting similarities with
RA and is more or less indistinguishable from classical CIA
as seen in, for example, H-2q mice [28]. Somewhat surpris-
ingly, DRB1*0401 and DRB1*0101 transgenic mice seem
to be equally susceptible to CIA, which clearly is in con-
trast to the situation in humans, where DR4 is a stronger
RA-risk gene than DR1. Furthermore, both strains develop
severe arthritis, which is also at variance with the risk factor
situation for RA, where DRB1*0401 is associated with
more severe disease than DRB1*0101 [3]. A trivial expla-
nation for these discrepancies arises from the obvious fact
that CIA is a disease provoked by immunization with CII in
complete Freund’s adjuvant, and thus differs from RA. This
powerful arthritis induction scheme may override the differ-
ential risks and severities conferred by DRB1*0401 and
DRB1*0101 in humans, which may also depend on
complex interactions with proteins encoded by other (non-
HLA) loci. Such epistatic interactions are most likely diffi-
cult to reproduce in transgenic mice expressing a single
human disease-risk gene. These comparisons across the
species barrier demonstrate that one should be cautious in
extrapolating from humanized animal models of disease to
actual human diseases.

Another example of how cautious one should be in the
interpretation of results from humanized animal models
comes from a study on HLA-DQ8 transgenic mice [29].
These mice also develop a severe inflammatory arthritis
upon immunization with CII and complete Freund’s adju-
vant, which merely demonstrates that the DQ8 molecule is
permissive for CIA in mice. This observation, together with
additional data from nonhumanized animal models of CIA,
was taken as evidence for the hypothesis that DQ8 rather
than DR4 confers the strongest susceptibility to RA in the
DR4-DQ8 haplotype. As already discussed, this hypothe-
sis has very short roots in human genetics, and illustrates
that the development of humanized animal models should
be based on careful analyses of human genetics.

Conclusion
The development of humanized animal models for RA has
so far been shown to be a feasible approach, but, even
taken together, the models have added very little to our
understanding of this disease. The development of a new
generation of humanized models in which the RA-associ-
ated HLA class II transgenes are expressed more physio-
logically, and where additional RA susceptibility genes are
incorporated, combined with a better understanding of the
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nongenetic component of the disease will provide a more
optimal setting for mechanistic studies of the disease
process and, ultimately, the development of new drugs.
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