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Summary

Collagen type II-induced arthritis (CIA) is generated in susceptible rodent strains by intradermal
injections of homologous or heterologous native type II collagen in complete Freund’s adjuvant.
Symptoms of CIA are analogous to those of the human autoimmune disease, rheumatoid arthritis.
CIA is a model system for T cell-mediated autoimmune disease. To study the T cell receptor
(TCR) repertoire of bovine type II-specific T cells that may be involved in the pathogenesis
of CIA in DBA/1Lac.] (H-29) mice, 13 clonally distinct T cell hybridomas specific for bovine
type II collagen have been established and the « and (3 chains of their TCRs have been analyzed.
These T cell hybridomas recognize epitopes that are shared by type II collagens from distinct
species and not by type I collagens, and exhibit a highly restricted TCR-ct/8 repertoire. The
o chains of the TCRs employ three Vo gene subfamilies (Va11, Va8, and Va22) and four
Jou gene segments (Jod2, Ja24, Ja37, and Joa32). The Va22 is a newly identified subfamily
consisting of approximately four to six members, and exhibits a high degree of polymorphism
among four mouse strains of distinct Vo haplotypes. In addition, the 8 chains of the TCRs
employ three V3 gene subfamilies (V38, V31, and V[36), however the V38.2 gene segment
is preferentially utilized (58.3%). In contrast, the J3 gene segment usage is more heterogeneous.
On the basis of the highly limited TCR-a/ repertoire of the TCRs of the panel of bovine
type IlI-specific T cell hybrid clones, a significant reduction (60%) of the incidence of arthritis

in DBA/1Lac.] mice is accomplished by the use of anti-V38.2 antibody therapy.

Collagen type II-induced arthritis (CIA)! in animals is
an experimental animal model system of the human au-
toimmune disease, rheumatoid arthritis (1-3). CIA is induced
in susceptible rodents by intradermal injections of homolo-
gous or heterologous native collagen type II (1, 2). In con-
trast, similar injections of other joint tissue proteins such as
collagen type I and proteoglycans do not lead to arthritis.
In addition, susceptibility to CIA in rodents is linked to MHC
genes (4, 5). Among the inbred mouse strains, only mice
of the H-29 and H-2- haplotypes generally acquire an inflam-
matory polyarthritis upon immunization with collagen type
Il in CFA (5). However, SWR (H-29) and RIII (H-2") in-
bred mouse strains are resistant to CIA (6, 7), suggesting
that non-MHC genes are also crucial for the induction of
the disease.

1 Abbreviations used in this paper: BCII, bovine collagen type II; C.CII,
chicken collagen type II; CIA, collagen type II-induced arthritis; EAE,
experimental allergic encephalomyelitis; MBP, myelin basic protein; NOD,
nonobese diabetic.

Previous studies indicate that CIA is associated with a high
level of both cellular and humoral responses to collagen type
I1. However, the role of Abs and T lymphocytes in the patho-
genesis of the disease is ill-defined. It has been reported that
transfer of anti-collagen type II Abs to naive animals results
in transient synovitis with a histopathologic picture different
from that seen in CIA (8). Hence, antibodies to collagen type
II alone are not sufficient for the development of the proto-
typical lesions associated with arthritis. In contrast, adoptive
transfer of collagen type IT Abs and CD4 T cells isolated from
mice immunized with denatured collagen type II, can to-
gether promote the development of classical arthritis (9). This
finding clearly demonstrates the synergistic effect between
humoral and cellular responses in initiating polyarthritis. The
important role of CD4 T cells in the induction of arthritis
is manifested indirectly by the in vivo administration of anti-
MHC class II Abs, resulting in the inhibition of CIA (10).
Moreover, direct involvement of T cells has been illustrated
by the resistance of athymic nude rats, and anti-CD4 treated
mice to CIA (11, 12).

The analysis of TCRs of myelin basic protein (MBP)-reac-
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tive T cells derived from the experimental allergic en-
cephalomyelitis (EAE)-susceptible B10.PL mice revealed that
the TCR-a/ B repertoire is highly restricted, using only two
Va gene segments (Va2.3 and Vad.2) and two V3 gene
segments (V38.2 and V313) (13). In addition, a similar finding
has been obtained from T cell clones derived from PL/J mice
and Lewis rats (14, 15). Consequently, the prevention and
reversal of EAE in B10.PL mice was accomplished using a
combination of anti-V(38.2 and anti-V313 mAbs (16). These
surprising results have suggested that autoaggressive T cells
in other autoimmune diseases may generally exhibit restricted
TCR repertoires, and that anti-TCR therapies may prevent
and/or cure autoimmune diseases. However, the notion that
pathogenic T cells in autoimmune diseases exhibit limited
TCR repertoires cannot be generalized to every autoimmune
disease since molecular characterization of the TCRs used
by islet-infiltrating T cells of nonobese diabetic (NOD) mice
revealed that the usage of TCR V and J gene segments is
not restricted as in the case of EAE (17, 18).

The question of whether or not the TCR repertoire of
T cells involved in the induction of CIA is limited has been
addressed indirectly by two different groups. The first group
has found that DBA/1 mice treated with (4) anti-V38.1,8.2
mAb (KJ16) and (b) anti-V35.1,5.2 mAb (MR9.4), before
injections of bovine collagen type II (B.CII) had a reduced
incidence of arthritis, 28.6 and 50%, respectively, as opposed
to an 84.6% incidence in control mice (19). This observa-
tion suggests that T cells involved in the pathogenesis of poly-
arthritis may exhibit a restricted use of TCR V{3 chains (19).
The second study has utilized a PCR technique to examine
TCR V{3 gene usage in cells obtained from the joints as well
as LNs of B10.Q mice injected with chicken collagen type
IT (C.CII) (20). The authors observed that, whereas the joint
T cells expressed V32, V36, V38.2, V39, V310, and V315
transcripts, the LN cells showed V36, V[38.2, and V39 tran-
scripts. Although there are at least six different V3 gene sub-
families expressed in the afflicted joints, and neither the
specificity nor the clinical significance of the T cells expressing
the above V3 gene elements is known, the authors claimed
that there is restrictive usage of TCR V3 segments in CIA.

The present study aims at determining in more detail the
TCR-a/ 3 repertoire of the T cell response to B.CII that may
play an important role in the induction of arthritis in
DBA/1Lac.J (H-29) mice immunized with B.CII. 13 clonally
distinct T cell hybridomas specific for B.CII have been estab-
lished. These T cell hybridomas exhibit a highly restricted
TCR-a/f3 repertoire. Accordingly, we were able to amelio-
rate CIA disease in mice by the use of TCR V[38.2-specific Ab.

Materials and Methods

Mice. DBA/1Lac.J, BALB/c], C57BL/6], and SWR/] mice
were purchased from The Jackson Laboratory (Bar Harbor, ME).

Establishment of BCII-specific T Cell Hybridomas. Male DBA/
1Lac.] mice were immunized intradermally with 100 ug native BCII
(Elastin Products Company Inc., Owensville, MO) in CFA. In-
guinal and popliteal LNs from three to four mice were removed
10 d later, and a single cell suspension was made in a serum-free

medium (HL-1; Ventrex Laboratories, Portland, ME). Cells were
plated at 4 x 10° cells per ml in a 24-well plate in the presence
of 10 pug/ml BCII for 3 d. T cells were expanded with IL-2 (20
U/ml) (Genzyme Corp., Boston, MA) for 2 d. Activated T cells
were then fused with the TCR-a/B negative variant of the AKR
thymoma BW5147 (a kind gift of Dr. Born, University of Colorado
Health Sciences Center, Denver, CO), as described previously (21).
A large number of hybrids were generated and screened for their
reactivity against BCII. These T cell hybridomas were then sub-
cloned by limiting dilution (0.3 cell/well) and tested for their
specificity against BCII, C.CII (Genzyme Corp.), and BCI (Sigma
Chemical Co., St. Louis, MO) proteins. Stimulations of T cell
hybrids were performed in triplicate 200-ul cultures containing 10°
hybridoma cells, 3 x 10° DBA/1Lac.] splenocytes, and 2 pg col-
lagen. After 24 h, culture supernatants were assayed for their ability
to support the growth of 8 x 10° IL-2-dependent CTLL2 cells
(American Type Culture Coliection, Rockville, MD). Cell growth
was assayed by the colorimetric MTT (3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyl tetrazolium bromide) (Sigma Chemical Co.) assay (22),
and plotted as relative OD at 570/650 nm. II-2 production by T
cell hybridomas was determined from a standard curve generated
with known quantities of recombinant mouse II-2.

Flow Cytometric Analysis. The hybridoma F23.2 (mouse IgG1)
specific for the mouse TCR Vf38.2 (23) was a gift of Dr. Bevan
(University of Washington, Seattle, WA). Biotinylated F23.2 mAb
was a gift of Dr. Goverman (Caltech, Pasadena, CA). The hybridoma
44.22.1 (rat IgG2a) specific for the mouse TCR V36 (24) was a
gift of Dr. Hengartner (Institute for Pathology, Zurich, Switzer-
land). The purified F23.2 and 44.22.1 mAbs were purified from
ascites fluid on protein G membranes (Amicon Corp., Beverly, MA).
The hybridomas KT50 (rat [gG2a) and KT65 (rat IgG2a) specific
for the mouse TCR V38 (25) were a gift of Dr. Tomonari (Med-
ical Research Council Clinical Research Centre, Harrow, Middlesex,
UK). The hybridoma RR8-1 (rat IgG) specific for the mouse TCR
Va1 (26) was provided by Dr. Kanagawa. 10° T cells were stained
with an antiTCR V mAb supernatant followed by a FITC-con-
jugated goat anti-mouse IgG or goat anti-rat IgG Abs (Organon
Teknika Corp., Durham, NC) and then subjected to flow cyto-
metric analysis using a flow cytometer (50H Cytofluorograph;
Ortho Diagnostic Systems Inc., Westwood, MA) as described pre-
viously (16). To determine the efficiency of in vivo depletion of
T cells expressing TCR. V(38.2, mice were given intraperitoneal
injections of the F23.2 mAb (0.5 mg purified Ab per mouse).
Draining LNs were removed 3 d after injection, a single cell sus-
pension was made, and RBCs and dead cells removed using a
lympholyte-M gradient (Cedarlane Laboratories Ltd., Hornby, On-
tario, Canada). To reduce background staining due to nonspecific
binding, 10° lymphoid cells were resuspended in PBS containing
0.02% NaNj, 2% normal mouse serum, and anti-CD32 mAb
(Pharmingen, San Diego, CA). Lymphoid cells were stained with
a biotinylated F23.2 mAb followed by a FITC-conjugated anti-
mouse CD3 Ab (Boehringer Mannheim Biochemicals, Indianapolis,
IN), and R-PE-conjugated avidin (Caltag Laboratories, San Fran-
cisco, CA). Lymphoid cells were then subjected to flow cytometric
analysis using a flow cytometer (Epics Elite; Coulter Electronics
Inc., Miami, FL).

Southern Blot Analysis. Southern blot analysis was carried out
as described previously (27). The probe used to identify the Vo2
gene subfamily was made from the PCR product obtained from
the amplification of a cDNA clone containing the TCR. « chain
gene of the 57.7 T cell hybridoma using two primers derived from
the Va22.1 gene segment: the sequence of the 5' primer was 5’
CCGAATTACTTCTGGTGGTAC 3', whereas the sequence of the
3' primer was 5 TGCTGCTGCACAGAAGTAGAT 3.
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PCR Amplification and Sequence Analysis.  Total cellular RNA
were isolated from the BC II-specific T cell hybridomas (28). First-
strand cDNA synthesis of TCR « or 3 chain gene was performed
using Ca primer (5" AGAGGGTGCTGTCCTGAGAC 3') or CB
primer (5 GCCAAGCACACGAGGGTAGCC 3'). The reverse
transcription reaction was performed in a DNA thermal cycler
(Perkin-Elmer Cetus Corp., Norwalk, CT). The synthesized first-
strand ¢cDNA containing TCR-a or - was then used as a tem-
plate for the PCR amplification reaction. To amplify unknown Vo
and V3 genes expressed by the T cell hybridomas, three 5 con-
sensus Vo primers (5' VaA: 5' CTTCTGGTGGTACAGACA 3
5' VaB: 5 TCCTTTTCTGGTATGTGCA 3, and 5’ VaC: ¥
AGCTGCAGTGGTTCCAACA 3'), and a single 5’ consensus VB
primer (5" ATGTACTGGTATCAGCAG 3) were designed from all
known Va and V3 gene segment sequences and used with the
above Car and Cf primers. After amplification, T4 polymerase was
then added and incubated at 37°C for 10 min. The PCR-amplified
TCR-¢ or -3 gene product was electrophoresed through 1.2% low-
melting agarose gel and the DNA corresponding to the predicted
size was isolated. The purified fragment was phosphorylated with
a polynucleotide kinase and cloned into a blunt-ended dephosphor-
ylated M13mp8 vector. Recombinant M13 were isolated and DNA
sequence analysis was performed using the chain termination method
(Sequenase version 2.0 kit; U.S. Biochemical, Cleveland, OH).

Results

Characterization of BCII-specific T Cell Hybridomas. B.CII~
reactive T cell hybrids were generated from three separate
fusions. 13 were subcloned by limiting dilution (0.3 cell/well)
for this study and their TCR « and 3 chain genes were sub-
jected to sequence analysis. These T cell hybridomas were
tested for their specificity against the BCII, C.CII, and BCI
proteins. As shown in Fig. 1, all hybrids responded to both
B.CII and C.CII, but not to B.CI. The low response of hy-
bridoma 92 is due to the frequent loss of chromosomes en-
coding its TCR /@ chains in culture. Attempts to isolate
a 92 hybridoma subclone expressing a high level of TCRs
by limiting dilution has failed. These results indicate that the
TCRs of these T cell hybridomas recognize conserved epi-
topes that are shared by type II collagens from different spe-
cies and not by type I collagens. Hence, the T cell hybrids
are protein type specific but not species specific.

Sequences of the TCR /8 Chain Genes. To examine het-
erogeneity of the T cell response to BCII in CIA autoim-
mune disease, the TCR-a/B genes of the 13 B.CII-specific
T cell hybridomas were subjected to sequence analysis using
a sensitive and rapid PCR technique. On the basis of con-
served 5' DNA sequences present in all known Vo and V3
gene segments, we designed 5' Va and 5’ V3 oligonucleo-
tide primers and used them with 3’ constant region Cax and
and 3’ constant region Cf3 primers, respectively, to amplify
cDNA from B.CIlI-specific T cell clones expressing unknown
TCR V region genes (see Materials and Methods). These T
cell hybrids have been derived from different mice and three
independent fusion experiments, and therefore, the T cell hy-
bridomas are a representative panel of BCll-specific T cell
clones.

T cell clones can be divided based on Vo gene segment
usage into three groups (Fig. 2). The first group employs
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Figure 1. Response of the T cell hybridomas to BCII, BCI, and C.CII.
Stimulations of T cell hybrids were performed in triplicate 200 gl cultures
containing 105 hybridoma cells, 3 x 105 DBA/1Lac] splenocytes, and 2
ug collagen. After 24 h, culture supernatants were assayed for their ability
to support the growth of 8 x 10° IL2-dependent CTLL2 cells in 96 mi-
crotiter plates. Cell growth was assessed after 24 h of culture by the colori-
metric MTT assay and is plotted as relative OD at 570/650 nm. Units
of II;2 were deduced from the equation of a straight line (y = 56,103
+ 212.51 log x, where y = absorbance U at 570/650 nm and x = IL-2
U) of a standard curve generated with known quantities of recombinant
mouse [I-2.

two members of the Va1 subfamily (~8-10 V& members),
Vall.12, and Vall.1b. The difference between Va11.1? and
Vall.1b regions is 11 nucleotides at the DNA level, and
only five amino acids at the protein level. Because of the ex-
tensive homology between Va11.1* and Va11.1® gene seg-
ments, the Va11.1° gene segment was considered previously
as an allele to the Va11.1* gene segment (26). Hence, the
presence of both Ve11.1? and Varil.1® gene segments in the
DBA/1Lac.] genome, unequivocally indicates that they are
not two allelic forms of the same gene segment, but rather
two different members of the Va1 subfamily. Consequently,
a new nomenclature is proposed for these two gene segments:
Valll and Vall4 to replace the old nomenclature,
Val1.1? and Vall.1b, respectively. As noted in Fig. 2, two
Jo gene segments (Ja42 and Jar37) were used in this group.
The Jo42 segment is a newly identified functional Jor (29)
and is preferentially selected by the rearranged V1.1, 11.4
gene segments (five of seven). In the second group, all three



T-Cell Va N Ja VB N-DB-N JB
Clone
Y FCAAE ASS5SFSKELUVE FCASA PDRG G ERLFF
Vi) TACTTCTGTGCTGCTGAG GeaTeCTCC TICTGTGCCAGCG CCCCGGACACGEE CGARAGATTATTTTTC Group 1
Vall.l Ja42(new) vB8.2 D1 Jpl.4
YFCRARAE ASSSFSKLVE FCASA PDRWOQ RLFF
105 TACTICTCTGCTGCTGAG GCATCCTCCTCCTTICAGCAAGCTGGTGTTT TICTGICCCACCE CCCCGGACAGGTGGCAG AGATTATTTTIC
vall.l Ja42{new) vps.2 D1 JBl.4
Y FCARAMAE ASSSFSKLUVE P CASSQOQ v G NQDTOZYFP
B120 TACTTCTGTCCTGCTGAG GCATCCTCCTCCTTCAGCAAGCTGGTGTTT CAA GT66GE AACCAAGACACCCAGTACTTT
Vall.l Ja42(new) 1 o2 Jp2.5
Y FCAAE T S S SFSKLVFE LcaASSs R T A NTGOLYTF
1364 TACTICTGIGCTGCTGAG A CATCCTCCTCCTTCAGCARGCTGGTGTTT CGGACAGCA AACACCGGGCAGCTCTACTTT
Vall.d4 Ja42(new) Vg6 D1 Jp2.2
Y FCARBAD T S5 S FSKLVFE FCASGSE AV N S CNTLYTF
2554 TACTTCTGTGCTGCIGA ~TA  CATCCTCCTCCTTCAGCAAGCTGGTGITT TICTGTGCCAGCG AMGCAGTTAAT TCTGGARATACGCTCTATTTT
Vall.4 Ja42(new) Vp8.2 Df1 Jp1.3
Y FCARAE TGGADRTLTF FCASGD R AL S YNSPLYF
2 TACTTCTGPGCTGCTGAG ACAGGAGGTCCAGATAGACTCACCTTT TICTGTGCCAGCCGTCAT AGGGCACTT TCCTATAATTCGCCCCTCTACTTT
vall.l Ja37 VB8, DB1 JBL.6
Y PCARAE TGGADRTLTF FCASSG G QG R YAEQEFTF
BIL2 TACTICTCTGCTGCTGAG ACAGGAGGTGCAGATAGACTCACCTTT TICTGTGCCAGCAGTG TATGCTGAGCAGTICTTC
vall.l Jo37 vps. 3 Dp1 2.1
Y P CALR D NNRTIFEF PCASGDYV D 5 A NSDYTF
1812 TACTICIGIGCTITGAG  GGA CAATAACAGAATCTTCTTT TICTGTGCCAGCGGTGATG TGGACAGTGCA AACTCCGACTACACCTTC Group 2
vag. 4 Ja2é 8.2 Dfl Jpl.2
Y FCALR D NNRTIFETF FCASGDUV D G A NSDYTEF
211 TACTICTGTGCTTTGAG  GGA CAATAACAGAATCTTCTTT TTCTGTGCCAGCGGTCATG TGGACGGAGCA AACTCCGACTACACCTTC
va8.4 Ja24 vp8. 2 DBl JB1.2
Y FCALR ) NNRTIFEFE
553 TACTICTGIGCTTTGAG  GGA CAATAACAGAATCTTCTTT
vag.4 Jo24
Y P CAGAA 1 N'NAGARKTLTE FCASGD TAGA ¥NERLTEF
517 TACTCCTGTGCAGCAGCA AT TARTAATGCAGGTGCCAAGCTCACATIC TTCTGTGCCAGCGGTGAT ACGGCAGGE CCAACGARAGATTATTTTIC Group 3
va22.1(nev) Ja32 vp8.2 Dpl Jp1.4
Y FCARBAR 1 NNAGARTLTEF FCASSQ DF W NTLYF
278 TACTCCTGTGCAGCAGCA AT TAATAATGCAGGTGCCAAGCTCACATIC TITTGIGCCAGCAGCCAA GACTTCTCG RACACCTTGTACTTT
va22.1{new) Ja32 Vg1 B2 2.4
Y FCAA LN NNRIFF PCAS S L QPG QN S GNTLYFP
B3I TACTCCTGTGCAGCA cTTAA CAATAACAGAATCTICTTT TTTTGTECCAGCAGCE TCCAACCGGGACAGAAT  TCTGGAAATACGCTCTATTTT
Va22.1(new) JaZ4 VBi /i3 Jpi.3
Figure 2. Nucleotide and amino acid sequences of Va-Ja and VB3D-JB junctional regions of the TCR o and 8 chain genes expressed by 13 T

cell hybridomas specific for BCII. On the basis of the TCR « chain usage, the T cell hybrid clones were divided into three groups. The 3' boundaries
of Va 11.1, Vo 11.4, Var 22.1, and V31 gene segments were arbitrarily determined since germline sequence informations are not yet known. The
remains of the germline DB1 (5' GGGACAGGGGGC 3'), and DB2 (5' GGGACTGGGGGGGC 3') sequences are underlined. Nucleotides between
Va and Jor as well as VB, D, and JB are proposed N region insertions. The predicted amino acid sequence is given above the nucleotide sequence

using the single letter code.

T cell clones share the same V8.4 and Jo24 gene segments.
The V8.4 gene segment is a member of the Va8 subfamily
which consists of ~v8-10 members (30). Finally, the third
group uses a new Va gene segment, Va22.1, which is dis-
tinct from the other 21 Vo subfamilies that have been previ-
ously described (Wang, K., J. L. Klotz, G. Kiser, G. Bristol,
E. Lai, E. Gese, M. Kronenberg, and L. Hood, manuscript
in preparation). A partial sequence of the Va22.1 gene is
given in Fig. 3 A. Genomic Southern blot analysis was per-
formed to estimate the size of the newly identified V22 gene
subfamily and to study the RFLP pattern among four inbred
mouse strains of distinct Va haplotypes: BALB/c (Vo)
C57BL/6 (Vab), SWR (Var), and DBA/1 (Vord) (26, 31).
The result indicates that the Va22 subfamily consists of ap-
proximately four to six members (Fig. 3 B). In addition, the
V22 gene subfamily exhibits a high degree of polymorphism
as indicated by the RFLP patterns generated using EcoRI
and BamHI restriction enzymes (Fig. 3 B).

As shown in Fig. 2, the first group employs three V(3 gene
subfamilies, VB1, V36, and V38. Two members of the V(38
subfamily were used, V[38.2 and V[38.3. However, the V(38.2
gene segment was found to be preferentially utilized (four
of seven). Furthermore, seven distinct J8 gene segments of
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the available 12 functional JB gene segments were used by
the TCRs of the B.CIl-reactive T cell hybridomas. Thus,
unlike the biased V[38.2 gene segment usage in this group,
the use of JB gene segments is more heterogeneous. In the
second group, the T cell hybrid clones share the same V38.2
and JB1.2. Finally, the third group uses V31 and V38.2 gene
segments and three distinct J8 gene segments.

Va-Jae and V3-DB-J@ Junctional Regions. A comparison
of the nucleotide and predicted amino acid sequences of the
TCR «/f3 chain junctional regions expressed by B.CII-specific
T cell hybridomas (Fig. 2) reveals that there is a strong selec-
tion for highly conserved Va-Jo junctional regions within
each group. In contrast, VB-Df3-JB junctional regions are
generally diverse (Fig. 2). Another interesting observation
is that several TCRs share an identical & chain in association
with different (3 chains, e.g., clones 105, B120 (Vr11.1/V(38.2
and Vall.1/VB1), clones 57.7, 278 (Va22.1/V(38.2 and
Va22.1/VB1), and clones 92, B112 (Val1.1/VB8.2 and
Va11.1/V38.3). This indicates the strong in vivo selection
by the antigen for either a particular @ chain or a combina-
tion of both « and B chains.

Prevention of CIA in DBA/1Lac.] Male Mice Using mAbs
Specific for TCR V@ Chains.  Since o and 3 chain sequences
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Figure 3. Partial nucleotide and predicted amino acid sequences of Vor22.1
region gene, and genomic Southern blot analysis of the V22 gene sub-
family. (A) Partial nucleotide and predicted amino acid sequences of Var22.1
cDNA clone derived from 57.7 T cell hybridoma specific for BCII. Regions
corresponding to Ve, Jo, and Cex are indicated. The 3’ boundary of the
Va22.1 gene segment was arbitrarily determined since germline sequences
of this new Va subfamily are not yet known. Nucleotides between Vo
and Ja gene segments are proposed N region insertions. The predicted
amino acid sequence is given above the nucleotide sequence using the single
letter code. The nucleotide sequence data will appear in the EMBL, Gen-
bank, and DDBJ Nucleotide Sequence Databases (accession number
X67949). (B) Genomic DNA were obtained from livers of BALB/c,
C57BL/6, DBA/1LacJ, and SWR/] mice. ~10 pug of EcoRI or
BamHI-digested DNA was electrophoresed through a 0.7% agarose gel,
transferred to a zeta-probe membrane, hybridized with a labeled Va22.1
probe, and exposed to an x-ray film for 3 d at —~80°C with an intensifying
screen.
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Figure 4. Cell surface expression of V38.2, V6, and Val1l.4 chains
by a representative panel of T cell hybridomas specific for B.CII and the
in vivo depletion of DBA/1Lac.] LN cells expressing TCR V[38.2 chain
after intraperitoneal injection of F23.2 mAb. (A-H) T cell hybridomas
255.4, 136.4, H131, 278, B120, 105, and 55.3 were subjected to TCR
surface expression analysis using fluorescence flow cytometry. The cells
were stained with the mAb F23.2, 44.22.1, RR8.1, KT50, KT65, or anti-
CD3 mAb followed by FITC-conjugated goat anti-mouse IgG or FITC-
conjugated goat anti-rat IgG Abs. Background fluorescence represents
staining of T cells with the FITC-conjugated Ab alone. Each histogram
represents the analysis of 10,000 cells. (I and J) DBA/1Lac.] mice were
injected with 0.5 mg i.p. F23.2 Ab. LN cells were removed after 3 d from
treated mice () as well as normal mice (I) and stained with both biotinylated
F23.2 and FITC-conjugated anti-CD3 mAbs in the presence of anti-CD32
mAb followed by R-PE-conjugated avidin. The two-color staining data
are presented as dual-parameter contour plots in which increasing green
fluorescence intensity (CD3) is plotted on the x axis versus increasing red
fluorescence intensity (V/38.2) on the y axis. The percent values are the
result of calculating the percentage of all cells within the region of interest.

of the TCRs of B.CII-specific T cell hybridomas have estab-
lished that only three TCR V3 gene subfamilies (V31, V36,
and V38) and three TCR Vo subfamilies (Va8, Vall, and
Va22) are employed, an examination of whether mAbs specific
for TCR a chains and/or 3 chains can prevent CIA in mice
was conducted. Although mAbs specific for TCR V36, V38,
Va8, and Vall are available, anti-TCR Va8, as well as anti-
TCR Va1l Abs, are poorly characterized because of the com-
plexity of both Va8 and Vall gene subfamilies (~8-10
members each). Before pursuing our specific immune inter-
vention experiment, the reactivity pattern of a panel of the



available mAbs against the B.CII-specific T cell hybrids was
determined. The F23.2 mADb stained all T cell clones expressing
TCR V[38.2. A representative of the T cell clones expressing
TCR Vf38.2 is shown in Fig. 4 A. In addition, 44.22.1 mAb
recognized the TCR V36 chain expressed by the clone 136.4
(Fig. 4 B). By contrast, neither F23.2 nor 44.22.1 recognized
TCR f chains displayed by the clones H131, 278, and B120
(Fig. 4, C-E). This is consistent with the DNA sequence
data (Fig. 2), indicating that the three clones express the TCR
V1 chain gene. The Ab RR8-1 stained the T cell clones
expressing the TCR Va11.4, but not the TCR V1.1 (Fig.
4, F and G). Finally, KT50 and KT65 mAbs specific for the
TCR Va8 chain failed to recognize the TCR V8.4 chain
that is employed by three distinct T cell clones (Figs. 2 and
4 H). Therefore, neither anti-Va1l nor antiVa8 mAbs can
be used in our attempt to block CIA since both Abs failed
to recognize the corresponding TCRs displayed by the majority
of BClI-reactive T cell hybrid clones. Therefore, the anti-
V38.2 and the anti-V36 are the mAbs of choice for interven-
tion experiments since neither anti-V31 nor appropriate anti-
Va mAbs are yet available.

T cells reactive with the F23.2 mAb comprise 8-9% of
T lymphocytes in the LNs of a normal DBA/1Lac.] mouse
(Fig- 4 I). To examine the efficacy of in vivo depletion of
T cells expressing TCR V38.2, an intraperitoneal injection
of 0.5 mg F23.2 Ab per mouse was found to be extremely
efficient in eliminating virtually all TCR V[38.2-bearing T
cells in LNs after 3 d (Fig. 4 J). The first question addressed
was whether CIA can be blocked in DBA/1Lac.] mice with
anti-V38.2 Ab treatment. Mice received anti-V{38.2 Ab treat-
ment twice: initially, 3 d before the intradermal primary im-
munization with B.CII in CFA, and the second time before
the intraperitoneal boost on day 21. As shown in Table 1,
only 6 of 20 mice treated with anti-V38.2 Ab developed ar-
thritis (30%), whereas 18 of 20 mice in the untreated group

(90%), as well as 9 of 10 mice in the mouse IgG1 (MOPC21)
treated group (90%) developed chronic polyarthritis.

Second, we were interested in examining whether mice
treated with both anti-V38.2 and anti-V36 Abs would ex-
hibit a reduced incidence of arthritis as compared with those
pretreated with anti-V(38.2 Ab alone. Table 1 indicates that
there is no significant difference between mice that received
anti-V38.2 Ab alone and those given anti-V36 together with
anti-V(38.2 Abs. Evidently, anti-V[38.2 Ab treatment alone
is sufficient to reduce the incidence of arthritis by 60% in
DBA/1Lac.] mice immunized with B.CII.

Discussion

CIA in mice is MHC class II restricted and a CD4 T cell-de-
pendent autoimmune disease (10, 12). CIA resembles human
rheumatoid arthritis in many clinical, histological, and im-
munological respects. These remarkable similarities make CIA
an ideal model system for study. The experiments described
in this report endeavored to determine the TCR-at/ reper-
toire in the CIA autoimmune disease model. 13 clonally dis-
tinct T cell hybridomas specific for B.CII have been estab-
lished, and the & and 3 chain gene usage of their TCRs have
been determined.

The T cell hybridomas recognized conserved epitopes,
present only in collagen type Il molecules from different spe-
cies, and exhibited a limited TCR-a/ repertoire. Although
T cell clones displayed three TCR f3 chains (V(38, V1, and
V36), the V(38.2 gene segment is preferentially employed
by the B.ClI-specific T cell hybrid clones (58%) (Fig. 2).
Unlike the V3 gene segment usage, the V3-Dg-]8 junctional
regions utilized are more heterogeneous (Fig. 2). Therefore,
the repeated usage of two V3 gene segments (VB1, 25%
and V[38.2, 58.3%), since both V36 and V[38.3 were used
only once, strongly indicates that the TCR-8 repertoire of

Table 1. Inhibition of CIA in DBA/1Lac.] Male Mice Using anti-TCR [ Chain Abs

Average severity

Antibody CIA incidence in afflicted mice

treatment (%) mean = SD Day of onset
None* 18/20 (90)¢ 3.94 + 0.89 491
Mouse IgG1 (MOPC21) 9/10 (90) 3.89 = 0.33 49
Anti-VB8.2 6/20 (30)1 3.00 + 0.63 56
Anti-VB8.2 plus anti-V36 7/20 (35)** 3.42 + 0.97 56

" Four groups of DBA/1Lac.] male mice were treated intraperitoneally with the corresponding Abs (0.5 mg/mouse), and immunized 3 d later in
the base of the tail with 100 ug of B.CII in CFA. On day 18, mice received another Ab treatment. Mice were challenged intraperitoneally with
100 pg B.CII in 100 mM acetic acid on day 21 and observed every other day for signs of arthritis.

t Number and percentage of mice that developed chronic polyarthritis.

§ Average clinical severity of mice with arthritis. Clinical severity in each affected paw is graded as: 0, normal; 1, redness and swelling; 2, defor-
mity; 3, ankylosis. The scores were added to obtain the maximum arthritic score per mouse.

I ' The first day of detecting clinical symptoms of arthritis in mice. Mice were observed for the development of arthritis for up to 90 d.

1p <0.01 when compared with the nontreated group using x?2 test with Yates correction.

“* p <0.01 when compared with the nontreated group using x2 text with Yates correction.
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the panel of the T cell hybridomas studied here is highly re-
stricted. One plausible explanation for these highly restricted
VB gene segments with diverse VB-Dg-J8 junctional regions
is that the amino acid residues of V31 and V[38.2 regions
and not the JB, DB, or N region residues are primarily respon-
sible for the interaction with collagen peptide-MHC com-
plexes. In addition, of the three Vo gene subfamilies used
by the TCRs of BClII-reactive T cell hybridomas (Verll, Va8,
and Va22), the Va1l gene subfamily is preferentially uti-
lized (54%). Based on the Vo gene segment usage, the TCR
« chains of the T cell clones are divided into three groups.
Within each group, Va-Jo junctional regions are highly con-
served. Considering the powerful diversification mechanisms
available for the TCR /3 chain genes, it is therefore obvious
from the repeated usage of a few Vo gene segments (Vall.1,
11.4, Va8.4, and Va22.1) of the estimated 100 distinct Vo
gene segments available for the TCRs, that the B.CII as an
antigen selects a restricted number of Vo gene segments. An-
other important point is that the selection of a particular Vo
gene segment from a Vo subfamily that shares an extensive
homology with the other multimembers of the same sub-
family provides further evidence for the restricted use of Vo
gene segments in the TCRs of the panel of B.ClI-specific
T cell hybrid clones. Similarly, the repeated employment of
a few Jo gene segments (Jord2, Ja37, Jo24, and Jo32) of
the available 40-50 functional Jo gene segments, strongly
indicates that the Jor gene segment usage is also very restricted.
Therefore, these results provide a compelling evidence for an
exceedingly limited usage of V3, Vo, and Jo gene segments
in the TCRs of B.CII-specific T cell hybridomas.

The resistance of the SWR mouse strain of the susceptible
MHC haplotype (H-29) to CIA has been assigned either to
its genomic deletion of 50% of the TCR V{3 gene segments,
indicating the lack of expressing crucial V@ genes (32), or
to the deficiency of the C5 complement component (33). Our
data demonstrating the effectiveness of anti-TCR V(38.2 Ab
therapy in preventing CIA in DBA/1Lac.] mice, strongly sug-
gest that the resistance of SWR mouse to arthritis may be
due at least in part to the genomic deletion of the V38.2
gene segment.

Akin to the EAE autoimmune disease model, CIA uti-
lizes a highly restricted TCR-c/ repertoire and affords an
opportunity for testing a specific immune manipulation. In
establishing successful treatment of EAE, several specific im-
mune intervention tactics were applied to eliminate or inac-
tivate autoaggressive T cell clones. Among these approaches
are: (a) the vaccination of Lewis rats against EAE by the use
of synthetic peptides derived from either the hypervariable
regions II or III of the TCR V[38.2 chain (34, 35); (b) the
utilization of soluble class I MHC-MBP peptide complexes;
prevention of EAE in SJL mice was accomplished by the in-
travenous injections of soluble complexes consisting of en-
cephalitogenic peptide 91-103 of MBP and MHC class II
(I-A%) protein (36); and (c) the prevention of EAE in B10.PL
mice by the use of a combination of anti-V38.2 and anti-
V(313 mAbs to eliminate the pathogenic T cells (16). Em-
ploying these therapeutic means towards CIA may prove to
be successful. However, the first and second approaches are

393 Osman et al.

limited in their use because of required a priori knowledge.
In the case of immunization with peptides derived from the
TCR V8.2, it is assumed that the host will elicit an im-
mune response against that peptide, however this is not always
the case since certain hosts may not be responsive to given
peptides. As for using soluble MHC-peptide complexes, the
identification of all different pathogenic T cell epitopes is a
prerequisite. Since the anti-TCR Ab approach is not limited
in the above respects, we believe that anti-TCR Ab therapy
is an effective, therapeutic approach in preventing CIA as we
have recently demonstrated in the case of EAE (16).

On the basis of the limited heterogeneity of the TCR a/f3
chains employed by the panel of T cell hybrid clones described
here, examination of whether antiTCR Ab therapy results
in preventing the development of chronic polyarthritis, as in
the case of the EAE autoimmune disease model, was pos-
sible. From our findings, it is evident that the anti-V[38.2
AD treatment is significant in reducing the incidence of ar-
thritis by 60% in DBA/1Lac.] mice immunized with B.CII,
whereas the anti-VB6 Ab treatment does not result in any
significant reduction of the disease incidence. One possible
explanation for the failure of anti-V36 treatment in reducing
arthritis in mice, is that B.ClII-specific V36-expressing T cells
may not play a clinically significant role in the induction of
arthritis in mice. Another possibility is that the antiV36 mAb
which is a rat IgG2a mAb, may not be effective in eliminating
all VB6-bearing T cells as compared with the effective anti-
V/38.2 mAb (mouse IgG1). Furthermore, it is not clear why
some mice developed arthritis in spite of anti-V/38.2 treat-
ment. One prospect is that these mice expand some other
autoaggressive V3 TCR-bearing cells because of the pres-
ence of a microenvironmental factor such as a bacterium or
avirus. According to our sequence data, potential candidates
are those expressing TCR V31 chains. Unfortunately, anti-
V31 Ab is not available, and hence, it is not possible to ex-
amine the above prospect. Nonetheless, attempts to raise this
Ab and to characterize the TCRs of the pathogenic T cell
subset in the anti-V[38.2 treated mice are currently in progress.

In an attempt to address the issue that has been raised by
Banerjee et al. (6) that certain TCR V@ genes such as those
which are deleted in the SWR mouse strain (37) play an im-
portant role in the induction of arthritis, Goldschmidt et al.
(39) studied the effect of anti-TCR Ab treatment on CIA.
They reported that the in vivo administration of anti-V38.1,
8.2 or anti-V(36 Ab did not result in any significant altera-
tion of CIA in DBA/1 mice immunized with rat collagen
type II. In addition, their analysis of T cells obtained from
Ab treated mice on day 21 revealed that 50% of V38.1, 8.2-
expressing T cells reemerged (38). Consequently, the efficiency
of the Ab treatment in eliminating V/38.1,8.2-bearing T cells
may account for the discrepancy between Goldschmidt group’s
and our findings. It is important to recall that in our study,
mice received anti-V38.2 Ab therapy twice; initially, 3 d be-
fore the primary immunization and the second time, on day
18. The rationale for this regimen is to ensure a very efhcient
depletion of V38.2-expressing T cells over a long period of
time. Therefore, the successful inhibition of CIA in DBA/1
mice may hinge upon the efficacy of the Ab treatment in



eliminating the autoaggressive V38.2-bearing T cells. A similar
observation has been documented by Chiocchia et al. (19).

In conclusion, analysis of the TCR &/ chains of our panel
of BClII-specific T cell hybridomas has demonstrated that
the TCR-a/3 repertoire is limited towards the utilization
of a few Vo and V3 gene segments. Furthermore, the anti-
TCR therapy was found to be a very effective approach to
significantly reduce the incidence of arthritis in DBA/1Lac.]
mice. Nevertheless, a complete understanding of the molec-
ular basis of the immune recognition in CIA depends fully
upon the identification and characterization of different patho-

genic collagen II peptides involved in the activation of the
autoaggressive T cells. Thus, our panel of well-characterized
T cell hybridomas is an extremely powerful tool to map and
define the arthritogenic peptides involved in the disease in-
duction. Currently, experiments designed to elute and se-
quence peptides bound in the MHC cleft using tandem mass
spectrometry are in progress (39). Moreover, full character-
ization of the CIA autoimmune disease model may provide
a basis towards future therapeutic strategies for preventive
medicine in humans.

We thank Drs. L. Lebow, J. Kobori, R. McIndoe, and D. Nickerson for critically reading this manuscript.
We also thank Rochelle Diamond and Patrick Koen for expert technical assistance with the flow cytom-
etry, and Eef Goedemans and Anita Ackerman for animal care.

This work was supported by a grant from the Seaver Foundation.

Address correspondence to Dr. Gamal E. Osman, Department of Molecular Biotechnology SL-05, Univer-
sity of Washington School of Medicine, Seattle, WA 98195. Leroy E. Hood is also currently at this address.

Received for publication 10 August 1992 and in revised form 14 October 1992.

References

1. Trentham, D.E., A.S. Townes, and A.H. Kang. 1977. Autoim-
munity to type II collagen: an experimental model of arthritis.
J. Exp. Med. 146:857.

2. Courtenay, J.S., M.J. Dallman, A.D. Dayan, A. Martin, and
B. Mosedale. 1980. Immunisation against heterologous type
II collagen induces arthritis in mice. Nature (Lond.). 283:665.

3. Cathcart, E.S., K.C. Hayes, W.A. Gonnerman, A.A. Lazzari,
and C. Franzblau. 1986. Experimental arthritis in a nonhuman
primate. . Induction by bovine type II collagen. Lah Invest.
54:26.

4. Grifhths, M.M,, R.J. Eichwald, J.H. Martin, C.B. Smith, and
CW. Dewitt. 1981. Immunogenetic control of experimental
type II collagen induced arthritis. I. Susceptibility and resis-
tance among inbred strains of rats. Arthritis Rheum. 24:871.

5. Wooley, PH., H.S. Lurthra, ].M. Stuart, and C.S. David. 1981.
Type I collagen—induced arthritis in mice. I. Major histocom-
patibility complex (I-region) linkage and antibody correlates.
J. Exp. Med. 154:688.

6. Banerjee, S., TM. Haqqgi, H.S. Luthra, J.M. Stuart, and C.S.
David. 1988. Possible role of VB T cell receptor in suscepti-
bility to collagen-induced arthritis in mice. J. Exp. Med. 167:832.

7. Wooley, P.H., and ].M. Chapedelaine. 1987. Immunogenetics
of collagen-induced arthritis. CRC Crit. Rev. Immunol. 8:1.

8. Holmdahl, R., L. Klareskog, K. Rubin, J. Bjork, G.
Smedegard, R. Jonsson, and M. Andersson. 1986. Role of T
lymphocytes in murine collagen induced arthritis. Agents Ac-
tions. 19:295.

9. Seki, N., Y. Sudo, T. Yoshioka, S. Sugihara, T. Fujitsu, S.
Sakuma, T. Ogawa, T. Hamaoka, H. Senoh, and H. Fujiwara.
1988. Type H-induced murine arthritis. I. Induction and prep-
aration of arthritis require synergy between humoral and cell-
mediated immunity. J. Immunol. 140:1477.

10. Wooley, PH., H.S. Luthra, PW. Lafuse, A. Huse, ].M. Stuart,

and C.S. David. 1985. Type II collagen-induced arthritis in
mice. III. Suppression of arthritis by using monoclonal and
polyclonal anti-Ia antisera. J. Immunol. 134:2366.

11. Klareskog, L., R. Holmdahl, E. Larsson, and H. Wigzell. 1983.
Role of Tlymphocytes in collagen II-induced arthritis in rats.
Clin. Exp. Immunol. 51:117.

12. Ranges, G.E., S. Sriram, and S.M. Cooper. 1985. Prevention
of type II collagen-induced arthritis by in vivo treatment with
anti-L3T4. J. Exp. Med. 162:1105.

13. Utban, J.L., V. Kumar, D.H. Kono, C. Gomez, S.J. Horvath,
J. Clayton, D.G. Ando, E.E. Sercarz, and L. Hood. 1988. Re-
stricted use of T cell receptor V genes in murine autoimmune
encephalomyelitis raised possibilities for antibody therapy. Cell.
54:577.

14. Acha-Orbea, H., DJ. Mitchell, L. Timmermann, D.C. Wraith,
G.S. Tausch, M.K. Waldor, S.S. Zamvil, H.O. McDevitt, and
L. Steinman. 1988. Limited heterogeneity of T cell receptors
from lymphocytes mediated autoimmune encephalomyelitis
allows specific immune intervention. Cell. 54:263.

15. Burns, FR., X. Li, N. Shen, H. Offner, YK. Chou, A.A.
Vandenbark, and E. Heber-Katz. 1989. Both rat and mouse
T cell receptors specific for myelin basic protein use similar
« and B chain genes even though the major histocompatibility
complex and encephalomyelitogenic determinants being rec-
ognized are different. J. Exp. Med. 169:27.

16. Zaller, DM., G. Osman, O. Kanagawa, and L. Hood. 1990.
Prevention and treatment of murine experimental allergic en-
cephalomyelitis and T cell receptor V3-specific antibodies. J.
Exp. Med. 171:1943.

17. Candeias, S., J. Katz, C. Benoist, D. Mathis, and K. Haskins.
1991. Islet-specific T-cell clones from nonobese diabetic mice
express heterogeneous T-cell receptors. Proc. Natl. Acad. Sci.
USA. 88:6167.

394 A Limited T Cell Receptor Repertoire in Collagen-induced Arthritis



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Nakano, N., H. Kikutani, H. Nishimoto, and T. Kishimoto.
1991. T cell receptor V gene usage of islet 3 cell-reactive T
cells is not restricted in non-obsese diabetic mice. J. Exp. Med.
173:1091.

Chiocchia, G., M.C. Boissier, and C. Fournier. 1991. Therapy
against murine collagen-induced arthritis with T cell receptor
VBspecific antibodies. Eur. J. Immunol. 21:2899.

Haqqi, T.M., G.D. Anderson, S. Banerjee, and C.S. David.
1992. Restricted heterogeneity in T-cell antigen receptor V3
gene usage in the lymph nodes and arthritis joints of mice.
Proc. Natl. Acad. Sci. USA. 89:1253.

Kappler, J., B. Skidmore, J. White, and P. Marrack. 1981. An-
tigen inducible, H-2-restricted, interleukin-2 producing T cell
hybridomas: lack of independent antigen and H-2 recognition.
J. Exp. Med. 153:1198.

Mosmann, T. 1983. Rapid colorimetric assay for cellular growth
and survival: application to proliferation and cytotoxicity assays.
J. Immunol. Methods. 65:55.

Kappler, J., U. Staerz, J. White, and P. Marrack. 1988. Self
tolerance eliminates T cells specific for Mls-modified products
of the major histocompatibility complex. Nature (Lond.). 332:35.
Acha-Orbea, H., R.M. Zinkernagel, and H. Hengartner. 1985.
Cytotoxic T cell clone-specific monoclonal antibodies used to
select clonotypic antigen-specific cytotoxic T cells. Eur. J. Im-
munol. 15:31.

Tomonari, K., E. Lovering, S. Fairchild, and S. Spencer. 1989.
Two monoclonal antibodies specific for the T cell receptor Va8,
Eur. J. Immunol. 19:1131.

Jameson, SC., P.B. Nakajima, J.L. Brooks, W. Heath, O.
Kanagawa, and N.R.J. Gascoigne. 1991. The cell receptor Vil
gene family: analysis of allelic sequence polymorphism and
demonstration of Ja region-dependent recognition by allele-
specific antibodies. J. Immunol. 147:3185.

Osman, G.E., H.H. Wortis, and P.H. Brodeur. 1988. Strain
variation in the frequency of Abelson murine leukemia
virus—transformed fetal liver pre-B cells bearing complete im-
munoglobulin heavy chain rearrangements. J. Exp. Med.
168:2023.

Osman, G.E., P. Brodeur, N. Rosenberg, and H.H. Wortis.
1992. The Ig V, repertoire of fetal liver-derived pre-B cells is
influenced by the expression of a gene linked to X-linked im-
mune deficency. J. Immunol. 148:1928.

Koop, BE., R.K. Wilson, K. Wang, B. Vernooij, D. Zaller,
C.L. Kuo, D. Seto, M. Toda, and L. Hood. 1992. Organiza-

395

Osman et al.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

tion, structure, and function of 95 Kb of DNA spanning the
murine T-cell receptor Ca/Cé region. Genomics. 13:1209.
Chou, H.S., M.A. Behlke, S.A. Godambe, J.H. Russell, C.G.
Brooks, and DY. Loh. 1986. T cell receptor gene in an alloreac-
tive CTL clone: implications for rearrangements and germline
diversity of variable gene segments. EMBO (Eur. Mol. Biol.
Organ.) J. 5:2149.

Singer, P.A., R.J. McEvilly, R.S. Balderas, EJ. Dixon, and
A.N. Theofilopoulos. 1988. T-cell receptor cx-chain variable-
region haplotypes of normal and autoimmune laboratory mouse
strains. Proc. Natl. Acad. Sci. USA. 85:7729.

Banerjee, S., G.D. Anderson, H.S. Luthra, and C.S. David.
1989. Influence of complement C5 and VB T cell receptor mu-
tation on susceptibility to collagen-induced arthritis in mice.
J. Immunol. 142:2237.

Spinella, DG., J.R. Jeffers, R.A. Reife, and .M. Stuart. 1991.
The role of C5 and T-cell receptor V3 genes in susceptibility
to collagen-induced arthritis. Immunogenetics. 34:23.
Howell, M.D,, ST. Winters, T. Olee, H.C. Powell, D.J. Carlo,
and SW. Brostoff. 1989. Vaccination against experimental al-
lergic encephalomyelitis with T cell receptor peptides. Science
(Wash. DC). 246:668.

Vandenbark, A.A., Y.K. Chou, D. Bourdette, R. Whitham,
J. Chilgren, and H. Offner. 1989. Immunization with a syn-
thetic T-cell receptor V-region peptide protects against ex-
perimental autoimmune encephalomyelitis. Nature (Lond.).
341:541.

Sharma, 8.D., B. Nag, X. Su, D. Green, E. Spack, B.R. Clark,
and S. Sriram. 1991. Antigen-specific therapy of experimental
allergic encephalomyelitis by soluble class II major histocom-
patibility complex-peptide complexes. Proc. Natl. Acad. Sci. USA.
88:11465.

Behlke, M.A., H.S. Chou, K. Huppi, and DY. Loh. 1986.
Murine T-cell receptor mutants with deletion of 8-chain vari-
able region genes. Proc. Natl. Acad. Sci. USA. 83:767.
Goldschmidt, T.J., L. Jansson, and R. Holmdahl. 1990. In
vivo elimination of T cell expressing specific T-cell receptor
VB chains in mice susceptible to collagen-induced arthritis.
Immunology. 69:508.

Hunt, D.F,, R.A. Henderson, J. Shabanowitz, K. Sakaguchi,
H. Michel, N. Sevilir, A.L. Cox, E. Appella, and V.H. Engel-
hard. 1992. Characterization of peptides bound to the class
I MHC molecule HLA-A2.1 by mass spectrometry. Science
(Wash. DC). 255:1261.



