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Relapsing polychondritis is a multisystem autoimmune disease involving cartilage destruction but no known causative
antigen. HLA-DQ8 has been associated with various autoimmune diseases in humans. To study the role of DQ8 in
autoimmune diseases, we have generated transgenic mice expressing DQ8 (DQA1*0301, DQB1*0302) in a NOD
background lacking endogenous class II molecules (Aβo). Upon immunization with type II collagen (CII), 85% of
NOD.DQ8 mice develop severe experimental polychondritis, auricular chondritis, and polyarthritis, with clinical and
histological similarities to relapsing polychondritis (RP) in humans. CII-immunized mice mount a T cell response and
produce Ab’s to type IX collagen (CIX) and self-CII. Transgene-negative littermates do not develop any serological and
clinical manifestations following immunization. B10.DQ8 transgenic mice develop polyarthritis and Ab’s to CII only. The
susceptibility to auricular chondritis in NOD.DQ8 mice can be attributed to response to CIX. A higher number of activated
cells, CD4+CD44hiCD62Llo, and lower regulatory cells CD4+CD152+CD25+ were observed in NOD.DQ8 mice compared
with B10.DQ8 mice. The NOD.DQ8 mice provide a model of RP with a high disease incidence and multiple organ
involvement to investigate putative autoantigen and regulatory cells involved in disease pathogenesis. An experimental
model restricted by the human class II molecule will be valuable when studying the role of various collagens in
immunologic and pathologic responses in human RP.
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Introduction
Relapsing polychondritis (RP) is an autoimmune dis-
ease of unknown etiology. It is characterized by recur-
rent episodes of inflammation resulting in destruc-
tion of cartilaginous tissues, especially the pinnae,
nose, and tracheobranchial cartilage. Over 90% of
patients develop auricular chondritis over the course
of the disease, the most common clinical manifesta-
tion of RP (1–3). Auricular chondritis is characterized
by bilateral pain, erythema, and inflammation of the
cartilaginous tissue of the outer ear accompanied by
a mononuclear infiltrate (4). Multiple recurrent

episodes of this inflammation result in the destruc-
tion of cartilage, which, in turn, is replaced with
fibrous tissue leading to disfigurement of the pinna
(5), often referred to as the “cauliflower ear.” Pol-
yarthritis is another common clinical feature that is
displayed by more than 50% of the RP patients (1, 3,
6, 7). Other manifestations include nasal chondritis
and ocular and renal involvement (2, 3, 8). The most
critical manifestation of RP is the involvement of
laryngotracheal cartilage, which is associated with
high mortality in RP (3).

There is no apparent difference in susceptibility
between males and females (3). No known correlation
exists between predisposition to RP and the presence
of specific HLA class I alleles (9). Predisposition to RP
has been reported to be significantly associated with
the presence of HLA-DR4, a class II allele known to
be associated with rheumatoid arthritis (RA),
although no predominance of DR4 subtypes has
been observed (1, 10). Recently, T cells directed
against type II collagen (CII) with specificity to pep-
tide 261-273 were identified in a patient with RP (11).
Cell-mediated immunity and anti-CII–specific Ab’s
have been observed in both RA and RP patients
(12–14). In addition to CII, there is evidence of T cell
responses and Ab’s to type IX (CIX) and type XI (CXI)
collagen in RP patients (15, 16).
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eases in humans. To study the role of DQ8 in autoimmune diseases, we have generated transgenic
mice expressing DQ8 (DQA1*0301, DQB1*0302) in a NOD background lacking endogenous class
II molecules (Aβo). Upon immunization with type II collagen (CII), 85% of NOD.DQ8 mice devel-
op severe experimental polychondritis, auricular chondritis, and polyarthritis, with clinical and
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a T cell response and produce Ab’s to type IX collagen (CIX) and self-CII. Transgene-negative lit-
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B10.DQ8 transgenic mice develop polyarthritis and Ab’s to CII only. The susceptibility to auric-
ular chondritis in NOD.DQ8 mice can be attributed to response to CIX. A higher number of acti-
vated cells, CD4+CD44hiCD62Llo, and lower regulatory cells CD4+CD152+CD25+ were observed in
NOD.DQ8 mice compared with B10.DQ8 mice. The NOD.DQ8 mice provide a model of RP with
a high disease incidence and multiple organ involvement to investigate putative autoantigen and
regulatory cells involved in disease pathogenesis. An experimental model restricted by the human
class II molecule will be valuable when studying the role of various collagens in immunologic and
pathologic responses in human RP.
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Models of RP in susceptible strains of rats following
immunization with CII have been reported (17–19). A
mouse model of autoimmune ear disease required both
immunization with CII and trauma to the ear to induce
inflammatory response (20). Some strains of rats and
mice have been shown to develop only the respiratory
features of RP, as seen by immunizing animals with car-
tilage matrix protein (21). Recently, mice expressing both
DQA1*0103/DQB1*0601 (DQ6) and DQA1*0301/
DQB1*0302 (DQ8) molecules were shown to develop
experimental polychondritis, exhibiting both polyarthri-
tis and auricular chondritis (22). Auricular chondritis,
however, was seen in only 25% of the immunized animals.

In this study, we describe DQ8 transgenic mice lacking
endogenous class II molecules on congenic NOD and
B10 backgrounds. NOD/C5+.DQ8.Aβo (NOD.DQ8; see
below) mice developed auricular chondritis and pol-
yarthritis with involvement of trachea and respiratory
tract following immunization with chick CII. The clin-
ical features were accompanied with strong anti-CII-spe-
cific and anti-CIX-specific Ab’s, thus indicating a cross-
reactive response to CIX could lead to auricular
chondritis. On the other hand, B10.DQ8 mice devel-
oped only polyarthritis and anti-CII-specific Ab’s. The
NOD.DQ8 mice develop auricular chondritis with CIX,
thus providing a novel model in the study of the role of
various collagens in immunologic and pathologic
responses in RP because disease occurs in these mice
with a high incidence and involves multiple organs.

Methods
Mice. The DQ8 transgene was microinjected into
(CBA/JX B10.M) F2 and backcrossed onto a B10.M (H-
2f/f) background. The B10.M.DQ8 mice were mated
with class II–deficient mice (Aβo) to generate
Aβo.DQ8 mice, which were then mated with NOD
mice. The F1 generation was intercrossed and trans-
gene-positive mice were backcrossed to NOD for ten
generations to create DQ8 (Ag7–/–) mice with a NOD
background, NOD/C5+.DQ8.Aβo, referred to as
NOD.DQ8 here. For the B10 congenic background,
B10 mice were mated with Aβo mice and backcrossed
to B10 for ten generations. Congenic B10.Aβo mice
were then mated with B10.M. DQ8 mice and inter-
crossed to obtain DQ8-positive B10 mice without
endogenous class II molecules.

All mice were bred in a pathogen-free facility and
maintained in a clean conventional colony in Im-
munogenetics Mouse Colony at the Mayo Clinic
(Rochester, Minnesota, USA). All experiments were
performed with the approval of Institutional Animal
Care and Use Committee. Experimental mice repre-
sented both sexes and were 8–12 weeks old when im-
munized with collagen. Negative littermates and NOD
mice were studied as controls.

Ab’s. The expression of various cell surface markers
was analyzed by flow cytometry using FACS IV (BD
Biosciences, San Jose, California, USA) using specific
Ab’s. Ab’s used for the expression of T cell receptor Vβ

chain molecules were mAb MR9-4 (anti-Vβ5.1), MR9-8
(anti-Vβ5.1.2), 44-22-1 (anti-Vβ6), F23.1 (anti-
Vβ8.1.2.3), KJ-16 (anti-Vβ8.1.2), F23.2 (anti-Vβ8.2), and
KT11 (anti-Vβ11). Anti-CD3, -CD4, -CD8, -CD44, 
-CD25, -CD62L, and -B220 conjugated with FITC or
phycoerythrin (PE) (BD Biosciences PharMingen, San
Diego, California, USA) were used according to the
manufacturer’s protocol on peripheral blood leuko-
cytes (PBLs) or splenic cells of naive and immunized
mice. Other Ab’s used were IVD12 (anti-DQ), K24-199
(anti-Ag7), and HB163 (anti-Ab).

Induction and evaluation of disease. Pure native chick CII
was obtained by multiple-step purification described
previously (17). Transgenic mice and negative litter-
mates were immunized with chick CII as described for
the collagen-induced arthritis (CIA) protocol (23). The
arthritic severity of mice was evaluated for each paw
with a grading system using numbers from 0 to 3 (24).
The mean arthritic score was determined using arthrit-
ic animals only. Bovine CIX (containing both low
molecular weight and high molecular weight frag-
ments of pepsin-digested CIX; Chondrex Inc., Red-
mond, Washington, USA) was used to induce disease
using the CIA protocol (23).

Auricular chondritis was monitored from the day
ears showed redness and swelling, indicating inflam-
mation. All mice were regularly checked for any other
clinical manifestations.

Histopathology. Mice were sacrificed following the
onset of auricular chondritis and arthritis. Outer ears
were removed surgically, embedded in paraffin, sec-
tioned, and stained with H&E and toluidine blue. Paws
from these mice were decalcified and fixed, and sec-
tions were stained with H&E. The epiglottis, lungs, tra-
chea, kidney, and pancreas were also removed from
some diseased mice, sectioned, and assessed for
histopathologic changes after H&E staining.

In addition, chondritic ears were fixed in OTC
embedding medium (Sakura Finetek, Torrance, Cali-
fornia, USA). Cryostat sections were prepared, fixed,
and stained with biotinylated anti-mouse Ab’s specific
for CD4, CD8, B220, Mac-1, and CD69, according to
the manufacturer’s instructions (BD Biosciences
PharMingen). Sections were stained with avidin-HRP
to visualize cells expressing these cell surface markers.
Deposition of collagen in various organs was visualized
by staining frozen sections with Accustain trichrome
stain (Sigma-Aldrich, St. Louis, Missouri, USA).

Anti-collagen Ab’s. Mice were bled on day 35 after
immunization, and the levels of anti-mouse CII and
anti-chick CII in serum were determined using a stan-
dard ELISA technique, as described previously (25).

Anti-CIX Ab’s were tested in sera of chick CII- and
CIX-primed mice by ELISA using recombinant type IX
collagen (a generous gift from Linda Myers, University
of Tennessee, Memphis, Tennessee, USA).

In vitro T cell proliferation. Transgenic mice, negative lit-
termates, and NOD mice were immunized with 200 µg
of various collagens (CII and bovine CIX and CXI col-
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lagen; Chondrex Inc.) emulsified 1:1 with CFA (Difco
Laboratories, Detroit, Michigan, USA). The data are
presented as the stimulation index. In vitro T cell pro-
liferation was carried out as described previously (23).
For inhibition experiments, culture supernatant con-
taining 5 µg each of specific mAb was added to the cells
challenged in vitro with CII at 50 µg/ml.

Cytokines. Cytokines were measured in supernatants
collected after 48 hours from cultured splenic cells as
described above. Capture ELISA was done for measur-
ing cytokines IFN-γ, IL-2, IL-6, IL-4, IL-10, IL-18, TNF-α,
and TGF-β using kits (BD Biosciences PharMingen).

Autoantibodies (anti-nuclear Ab’s) and rheumatoid factor.
Hep-2 cell line slides (BioRad Laboratories, Hercules,
California, USA) were used as substrates for anti-
nuclear Ab detection as described previously (26).
Rheumatoid factor (RF) was measured by ELISA as pre-
viously described (26).

The C5 gene and hemolytic assay for C5. Genomic DNA
was isolated from tails of NOD.DQ8, NOD, and
B10.DQ8 mice and amplified by PCR using specific
C5 primers designed to amplify the genomic frag-
ment of both NOD and B10 genomes (27). C5 levels
in sera of mice were determined by a standard
hemolytic assay employing sheep erythrocyte sus-
pension sensitized with rabbit IgM-anti–sheep ery-
throcyte Ab using a kit (Diamedix Corp., Miami,
Florida, USA) as described (28).

Statistical analysis. The difference in incidence of
arthritis between groups was analyzed using x2 test
with a Yates’ correction. Ab levels and mean scores for
arthritic mice were compared using the Student t test.

Results
All transgenic mice showed a similar expression of
DQ8, with 45–55% of the PBLs staining positively for
DQ8. Expression of H2A molecules was also studied to
confirm their absence. The percentage of CD3-, CD4-,
CD8-, and B220-positive cells was similar in both trans-
genic strains. A similar profile of Vβ T cell receptor was
observed in both transgenic mice (data not shown).

NOD.DQ8 mice develop polychondritis. Eighty-five per-
cent of the chick CII-immunized NOD.DQ8 mice
developed bilateral auricular chondritis with features
typical of human RP (Figure 1), while B10.DQ8 mice,
NOD mice, and negative littermates did not show any
clinical or histologic involvement of the outer ear. The
incidence of chondritis was equal between male and
female mice (78% and 90%, respectively) and occurred
with mean day of onset of 44.3 ± 4.4. Twenty-five per-
cent of mice exhibiting chondritis died between day 50
and 100 (mean day of death, 72 ± 21).

The onset of chondritis was marked with swelling
and erythema of outer ears, progressing eventually
to destruction of the cartilaginous tissue resulting
in cauliflower ear. Histopathology of the chondritic
ear revealed that normal cartilage was destroyed, but
fragments of cartilage were observed by toluidine
staining (Figure 1f). A massive infiltration of mono-
nuclear cells (Figure 1d), consisting of CD4+, CD8+,
CD69+, B220+, and CD11b+ cells, was seen during the
first 2 weeks of inflammation (Figure 2). Eight
weeks after onset, most of the infiltrating cells were
B220+, CD4+, and CD11b+, with B cells as aggregates
resembling follicles.

Transgenic mice develop polyarthritis. Incidence of pol-
yarthritis was comparable in both strains (NOD.DQ8:
70%; B10.DQ8: 75%) (Figure 3a). A significantly milder
disease (P < 0.01) with delayed onset was observed in
NOD.DQ8 mice than in B10.DQ8 mice, however
(mean day of onset 46 ± 4 in NOD.DQ8 mice and 39 ± 7
in B10.DQ8 mice) (Figure 3b). Histologic analysis of
the paws showed inflammation demonstrated by infil-
tration of mononuclear cells, pannus formation, and
destruction of cartilage as reported previously in DQ8
transgenic mice (Figure 4a). Transgene-negative litter-
mates from both strains were resistant to CIA.

C5 activity in transgenic mice. The C5 gene as deter-
mined by PCR was present in both DQ8 transgenic
strains and B10 mice, while in NOD mice it showed
deletion of 2 bp, as expected. Levels of C5 in sera of
these mice showed both DQ8 transgenic and B10

Figure 1
Swelling and edema with a shrunken ear as observed in a human ear
(a) and an affected mouse (b) with auricular chondritis. H&E-stained
section of a normal (c) and a chondritic ear (d) of NOD.DQ8 trans-
genic mice showing massive infiltration of cells in the chondritic ear.
Toludine blue staining of a normal ear (e) and a chondritic ear (f)
showing destruction of cartilage in the latter, with residual cartilage
seen among infiltrates as shown within the boxed area (magnification
×200). Micrographs are ×50 magnification.
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strain to be C5 proficient, while NOD mice were C5
deficient (data not shown). All transgene-positive
NOD.DQ8 mice were C5 proficient.

NOD.DQ8 mice share similarities with human RP in
involvement of organs. To investigate if organs other than
ears and joints reported to be involved in RP patients
were also affected in NOD.DQ8 mice, histology of
lungs, tracheas, kidneys, pancreata, and salivary glands
was done. Histopathology of these organs showed infil-
tration of mononuclear cells in the trachea and the
perivascular region of lungs, with collagen deposition
in the trachea (Figure 4). Salivary glands showed infil-
tration of cells, which is known to be a feature of
sialadenitis. Pancreata did not show any signs of insuli-
tis, although some peri-insulitis was seen; none of the
mice developed diabetes (data not shown). No pathol-
ogy was observed in kidneys, epiglottises, and hearts
(data not shown). B10.DQ8 mice did not show pathol-
ogy in any of these organs (data not shown).

NOD.DQ8 mice mount in vitro response to CIX and CXI.
Both NOD.DQ8 and B10.DQ8 mice mounted a similar
CII-specific response in vitro (Figure 5a). The in vitro
response was mediated by CD4+ cells and restricted by
the DQ8 molecule as observed by an inhibition experi-

ment (Figure 5b). NOD.DQ8 mice mounted a strong
dose-dependent response to both bovine CIX and CXI
when immunized with specific collagen and CII (Figure
5c). Lymph node cells from CXI-primed mice also
mounted a strong in vitro response to CIX. In contrast,
mice immunized with CIX did not respond to CXI in
vitro. There was no cross-reactive response to CII when
immunized with either CIX or CXI. B10.DQ8, negative
littermates, and NOD mice did not give any response to
CIX and CXI when immunized with either collagen type
or after immunization with CII (data not shown).

CII-immunized NOD.DQ8 mice make Ab’s to CIX. Both
transgenic mice developed high levels of anti-ChII and
anti-MsII IgG Ab’s following immunization with CII;
NOD.DQ8 mice had significantly higher levels than
B10.DQ8 mice (P < 0.05 and P < 0.001, respectively)
(Figure 6a). Immunization with chick CII also in-
duced anti-mouse CII Ab’s, which were significantly
higher in NOD.DQ8 mice compared with B10.DQ8
mice (P < 0.001). NOD mice immunized with CII devel-
oped very low levels of anti-chick and anti-mouse CII
Ab’s. Since collagen tissue in the outer ear has CIX as an
important structural component, we measured Ab’s to
recombinant collagen also. Interestingly, NOD.DQ8

Figure 2 
Characterization of the infiltrating cells in chondritic ear of
NOD.DQ8 mice at 3 weeks and 8 weeks after onset of disease. At 3
weeks, CD4+, B220+, and Mac-1+ cells were seen in abundance dis-
tributed throughout the section. Eight weeks after onset of chondri-
tis, infiltrating CD4+, CD8+, and Mac-1+ cells were reduced. B cells
were present in aggregates, giving an appearance of follicles.

Figure 3 
(a) Incidence and onset of arthritis after immunization with CII showed
a delayed onset of arthritis (P < 0.01) with similar incidence in
NOD.DQ8 mice compared with B10.DQ8 mice. (b) NOD.DQ8 mice
developed milder arthritis compared with B10.DQ8 mice (P < 0.01).
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mice produced significantly high levels of anti-CIX
Ab’s as shown by high OD compared with B10.DQ8
(P < 0.0007). B10 and NOD mice were similar to the
negative control, Aβo (Figure 6b).

CIX-immunized NOD.DQ8 mice develop auricular chondri-
tis. Both transgenic strains and negative littermates were
immunized with bovine CIX. NOD.DQ8 mice produced
higher levels of anti-CIX Ab’s compared with B10.DQ8
mice (Figure 6c; P < 0.0001), and all NOD.DQ8 mice
(seven of seven) developed auricular chondritis while no
pathology was observed in B10.DQ8 mice. Adoptive

transfer of cells (106) from the spleen, lymph nodes, and
FAC-sorted CD8 and CD4 cells from NOD.DQ8 mice
with chondritis to naive B10.DQ8 mice did not result in
induction of disease. Transfer of cells (106) isolated from
chondritic ear did lead to swelling in both ears of one of
the three NOD.DQ8 mice studied.

Autoantibodies. Antinuclear Ab’s were not present in
either of the transgenic strains or in their transgene-
negative littermates (data not shown). Higher levels of
IgM-RF were detected in NOD.DQ8 compared with
B10.DQ8 mice (P < 0.01) (Figure 6c). Only 20% of
NOD.DQ8 and 10% of B10.DQ8 mice produced low
but detectable levels of IgG-RF (data not shown).

NOD.DQ8 mice have more activated cells but lower num-
bers of CD8+CD25hi cells. We studied various markers
for activated and regulatory cells in splenic cells of
immunized mice. Naive NOD.DQ8 mice had signifi-
cantly lower numbers of CD25+ cells compared with
B10.DQ8 mice (16 ± 2.6 and 37 ± 2.6, respectively; 
P < 0.01), although after immunization, CD25+ cells
were fewer in B10.DQ8 mice (14% in NOD.DQ8 and
9% in B10.DQ8 mice). Differences in CD25+ cells
between the two strains were reflected in CD3–CD25+

cells; 22% of B220+ cells expressed CD25 in
NOD.DQ8 mice compared with 8% in B10.DQ8 mice
(Figure 7). The profile of the CD4+CD25+ population
was similar in both strains, although in NOD.DQ8
mice fewer cells expressed CD152 compared with
B10.DQ8 mice (2% and 11%, respectively). Only 20%

Figure 5
(a) In vitro response of lymph node cells (LNCs) to chick CII (50 µg/ml) from primed mice in transgenic and control mice. The results shown
are mean ± SD of three experiments. SDs were lower than 10% in all experiments. (b) Inhibition of response was measured from LNCs cul-
tured as above in the presence of specific Ab’s, DQ (IVD12) or mCD4 (GK1.5). The results are shown as the percentage of inhibition of
response by a specific Ab. (c) NOD.DQ8 mice primed with CIX and CXI mount a dose-dependent response to a specific collagen. Cross-
reactive response to CIX was observed in CII-immunized mice. The data is mean ± SD of all experiments. SI, stimulation index.

Figure 4
Sections from various organs of NOD.DQ8 mice stained with H&E. (a)
Representative inflammatory arthritis of the knee from a NOD.DQ8
mouse. Significant mononuclear infiltration with cartilage destruction
and pannus formation is seen (*). (b) Salivary glands showing
mononuclear infiltrate suggestive of sialadentitis. (c) Infiltration with
mononuclear cells in the trachea. (d) A section of lung shows perivas-
cular infiltration in lungs. Accustain trichrome staining of frozen sec-
tions of trachea (e) and lungs (f). Only tracheas showed deposition of
collagen, as seen by the blue color. Micrographs a–d are at ×100 mag-
nification; e and f are at ×200 magnification.
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of CD8+ cells expressed CD25hi in NOD.DQ8 mice
compared with 32% in B10.DQ8 mice. The total
number of CD44 cells were lower in NOD.DQ8 mice
compared with B10.DQ8 mice (62% and 85%, respec-
tively); however, higher numbers of activated cells,
CD44hiCD62Llo, were observed in NOD.DQ8 mice
compared with B10.DQ8 mice (63% and 10%, respec-
tively; data not shown).

NOD.DQ8 mice produce high levels of TGF-β. Both trans-
genic strains produced similar levels of IL-2, IL-6, IL-10,
IL-18, IFN-γ, and TNF-α when challenged in vitro with CII
(Figure 7b). The most noticeable difference between the
two strains was in the production of TGF-β. NOD.DQ8
mice produced very high levels of TGF-β, while in
B10.DQ8 mice minimal levels could be detected by ELISA.
On the other hand, B10.DQ8 mice primed with CIX pro-
duced high levels of TNF-α and IL-10 with low levels of

IFN-γ in vitro, while NOD.DQ8 mice produced IL-2, IL-6,
IL-10, IFN-γ, TNF-α, and TGF-β (Figure 7c).

Discussion
We have described in this study an experimental model
of relapsing polychondritis, which shares clinical and
histologic features with human relapsing polychondri-
tis. Transgenic mice expressing DQ8 in the NOD back-
ground, but lacking endogenous class II molecules,
develop auricular chondritis and polyarthritis with high
levels of anti-CIX and anti-CII Ab’s following immu-
nization with chick CII. Conversely, CII-immunized
B10.DQ8 mice do not develop auricular chondritis and
make smaller amounts of Ab’s. Transgene-negative lit-
termates and NOD mice did not develop any disease
demonstrating that DQ8 is necessary for development
of disease in this model. Although CII is a putative
autoantigen for both RP and RA, cross-reactive response
to other collagens expressed in the outer ear, such as
CIX and CXI, appears to be different in the two strains.
NOD.DQ8 mice mounted a strong response to both
CIX and CXI collagen, while in B10.DQ8 mice only a
very mild response to CXI (data not shown) is observed.

Figure 6
NOD.DQ8 mice produce higher levels of Ab’s to self, MsII, and ChII
than B10.DQ8 mice (anti-MsII: P < 0.001; anti-ChII: P < 0.05). Bars
depict mean ± SD (units per milliliter) of anti-collagen Ab’s. NOD
mice produced very low levels of anti-CII and anti-MsII Ab’s com-
pared with transgenic mice (P < 0.001). (b) Only NOD.DQ8 mice
produced significant levels of anti-CIX Ab’s following immunization
with CII. Aβo mice were used as negative controls and are depicted
as cut-off line. (c) IgM-RF was produced at higher levels in
NOD.DQ8 compared with B10.DQ8 mice (P < 0.01). Sera from
MRL/lpr and B6 mice were used as positive (dotted line) and nega-
tive (solid line) controls, respectively. Horizontal bar for each strain
indicates mean values of IgM-RF. (d) CIX-primed NOD.DQ8 mice
produce significantly high amounts of anti-CIX Ab’s compared with
B10.DQ8 mice. Aβo mice, which were used as negative controls, are
depicted as cut-off line. BIX, bovine CIX.

Figure 7
(a) Cell surface markers on splenic cells
as determined by FACS after labeling
them with specific mAb’s in B10.DQ8
mice (broken line) and NOD.DQ8
mice (solid line). NOD.DQ8 mice had
a lower number of CD8+CD25hi,
CD152+CD4+CD25+, and a higher
number of B220+CD25+ cells than
B10.DQ8 mice. The data shown were
obtained from spleen cells pooled from
two mice per strain and represent at
least two separate assays. (b)
NOD.DQ8 mice produce high levels of
TGF-β. Cytokines produced by splenic
cells isolated from primed mice and
cultured in vitro in the presence of CII
and (c) CIX. For each experiment, cells
were pooled from two mice per strain.
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The α3 chain of CXI and the α1 chain of CII share sim-
ilarities in amino acid composition, and both have been
shown to be arthritogenic in animals (29, 30).
Immunoreactive peptides of CIX have been identified in
synovial fluid of RA patients (31). CD8+ clones generat-
ed from CII-immunized mice were shown to cross-react
with CIX, thus suggesting an epitope shared between
the two collagens (32). Both of our transgenic strains
express DQ8; however, only NOD.DQ8 mice respond to
CIX, suggesting that in NOD.DQ8 mice immunization
with CII leads to stimulation of another subset of
autoreactive T cells that might home to the ear, causing
destruction. This was confirmed by our data of auricu-
lar chondritis in NOD.DQ8 mice when immunized
with CIX. A recent study showed that recombinant CIX
(rCIX) does not induce arthritis (33). Our data with
DQ8 transgenic mice support the study and further sug-
gest that anti-CIX Ab’s and response to CIX are impor-
tant in pathogenesis of auricular chondritis.

The cytokine data in this study agree with the above
observations. Both transgenic strains produced high lev-
els of IL-18, a proinflammatory cytokine suggested in
pathogenesis of RA (34). Both strains produced similar
amounts of cytokines when challenged in vitro with CII,
except TGF-β, which is only produced by NOD.DQ8
mice. In CIX-primed mice, however, more Th1 cytokines
are produced by NOD.DQ8 mice than B10.DQ8 mice,
suggesting that autoreactive T cells specific for CIX fol-
lowing CII immunization produce predominantly Th1
cytokines. Our results with TGF-β are surprising in light
of the studies demonstrating a protective role of this
growth factor in CIA and experimental autoimmune
encephalomyelitis (35, 36). TGF-β has been shown to pro-
mote bone destruction in CIA and RA patients, which is
related to increase in expression of proinflammatory
cytokines and metalloproteinases (37–38). Recently,
using TGF-β transgenic mice, it was shown that TGF-β
does not prevent development of autoreactive T cells (39).
TGF-β is a pleiotropic cytokine and has been associated
with T cell homeostasis and autoimmunity (40–41).
Increased production of TGF-β has been shown to pro-
mote effector expansion through inhibition of T cell
apoptosis, to produce cytokines including IL-1 and TNF-α,
and increase expression of integrin receptors. TGF-β pro-
duced by B and plasma cells has been shown to form
immune complexes leading to tissue injury. It will be
interesting to see if development of auricular chondritis
is the result of one or many effects of TGF-β. One possi-
ble explanation for the increased levels of TGF-β could be
an attempt to counter the inflammation. Role of TGF-β
in the pathology of polychondritis is being studied.

Polychondritis observed in NOD.DQ8 mice shares sim-
ilarities with RP. As seen in RP, the first clinical feature
developing in most of these mice is auricular chondritis,
characterized by bilateral erythema and swelling of the
outer ears, with massive infiltration of mononuclear cells.
More CD4+ cells are seen at the initiation of disease, sug-
gesting that presentation of an epitope to CD4 T cells
might be important for pathogenesis. Later in the course

of disease, B cells appear as aggregates resembling lym-
phoid follicles. Polyarthritis characterized by massive
infiltration of mononuclear cells and pannus formation
follows after auricular chondritis in around 65–70% of
mice. Perivascular infiltration of lungs and trachea and
collagen deposition in trachea was observed in some
mice. Our data show that these mice not only develop
auricular chondritis, but some of them also develop other
histopathological manifestations seen in relapsing poly-
chondritis patients. While auricular chondritis is not a
remitting/relapsing phenomenon in these mice, the
histopathologic manifestations are similar to those seen
in RP. The cartilaginous tissue of the ears is destroyed and
shrunken, leading to a cauliflower appearance, as is char-
acteristic of RP patients. Thus, this model has an advan-
tage over previous models in having a higher incidence of
auricular chondritis and also other associated manifes-
tations, representing a true experimental model for
relapsing polychondritis.

To address the differences seen in clinical and immuno-
logical features of both strains, we studied the regulatory
and activated cells in both. NOD.DQ8 mice have a high-
er number of cells that express activation markers,
CD25+CD44hiCD62Llo compared with B10.DQ8 mice. In
NOD mice, CD4+CD62Lhi cells have been shown to be
regulatory cells (42). CD4+CD25+ cells have been shown
to be regulatory cells in many autoimmune diseases by in
vitro, in vivo, and depletion studies (reviewed in ref. 43).
The regulatory CD25+ cells have been shown to express
CTLA-4 (44). Our data show that NOD.DQ8 mice have
a greater number of CD25+ cells, but they are not regula-
tory cells. The profile of CD4+CD25+ cells is similar in
both strains, while CD8+CD25hi cells are decreased in
NOD.DQ8 mice, which supports our previous notion
that CD8 cells might behave as regulatory cells in CIA
(26) and further attributes it to this subset. Increased
number of B220+CD25+ cells in NOD.DQ8 mice indicate
a higher number of activated B cells, which might explain
increased levels of autoantibodies in them. Adoptive
transfer of CD4 and CD8 cells sorted from lymph node
and spleen cells did not transfer disease, suggesting the
need for both T cell response and autoantibodies in the
development of polychondritis.

Deficiency in C5 in NOD mice has been shown to
play a role in resistance to CIA (27, 45). Holmdahl et
al. (45) found in an F2 cross of (B10.Q × NOD.Q)
mice that the strongest arthritis quantitative trait
loci (QTL) that maps the C5 gene was of B10 origin.
Here, however, we find that NOD.DQ8 mice also
develop auricular chondritis — an autoimmune dis-
ease phenotype not characteristic of NOD.Q mice.
Since NOD.DQ8 mice also develop arthritis, C5
activity was determined in them. NOD.DQ8 mice
were positive for C5 activity, suggesting they may
have derived this gene from B10. One explanation
could be the insertion of the DQ8 gene in chromo-
some 2, where the C5 gene maps. The second possi-
bility is the exchange of this gene segment during
backcrossing to produce the NOD.DQ8.Aβo mice.



We tested the backcrosses made to NOD mice, and all
DQ8-positive mice carried functional C5, thus sug-
gesting the DQ8 transgene is inserted near C5.

In conclusion, presence of DQ8 results in CIA in both
NOD and B10 background mice. NOD.DQ8 mice,
however, produce higher levels of autoantibodies and
develop auricular chondritis. Furthermore, immuniza-
tion with CIX leads to RP, suggesting a role for CIX in
this disease. NOD mice do not develop disease upon
immunization with CII or CIX, even though IAg7 has
structural similarity with DQ8 molecule. This may
occur because of C5 deficiency, or IAg7 may not be able
to present an arthritogenic epitope. Thus, the suscep-
tibility to RP is not solely dependent on the expression
of DQ8 but requires C5 sufficiency and additional non-
MHC genes of NOD origin.
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