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Abstract
Objective

Collagen induced arthritis (CIA) in mice is mediated by synergistic T cell and humoral immune responses specific for
type II collagen (CII). We have previously shown that in arthritic joints of BUB mice (TCR V a -2q) the TCR 

repertoire is enriched for V 10 expressing T cells, and that immunization with a V 10 peptide (V 10p) prevents the
phenotypic expression of disease. The objective of the present study was to understand how immunization with a 

synthetic TCR V peptide affected the development of the pathogenic CII-specific immune response in BUB mice. 

Methods
Arthritic and protected animals were tested for V 10p- and CII-specific cytokine production by a highly specific and

sensitive ELISA spot assay, and for CII-specific antibody production by standard ELISA. In adoptive transfer 
experiments, V 10p-specific LN cells (INF- producing) were injected into naive mice prior to immunization with 

type-II collagen/CFA. 

Results
Immune cells from arthritic animals produced IFN- and IL-2, without IL-4 and IL-5 in response to CII and an 

immunodominant epitope, A2, derived from CII. Serum from these mice contained anti-CII antibodies of both IgG1 and
IgG2a subtypes. Our results show for the first time that immunization with V 10p resulted in V 10p-specific IFN- and
IL-2 production that was restricted to the CD4+ T cell subset. Emergence of this V 10p-specific immune response was

associated with a dramatic decrease in the frequency of CII and A2-specific, cytokine producing T cells in arthritis 
protected mice. Protective immunity was cell mediated and could be adoptively transferred. In contrast, the protective

immunization had only a marginal effect on the anti-CII antibody response indicating that the CII specific humoral
immune response was not significantly affected.

Conclusion
Immunization with TCR V 10p leads to expansion of a population of V 10p- specific CD4+ T cells. This anti-TCR

V 10p specific type 1 cytokine producing immune response was protective in adoptive transfer studies and appears to
inhibit the expansion of the pathogenic anti-CII cellular immunity. Additionally, the anti-TCR V 10p-specific cellular

immune response was mediated by CD4+ T cells and these T cells did not produce IL-4 or IL-5. Thus, our results 
suggest that protection against CIA in mice immunized with synthetic TCR V 10p was achieved by a specific down-

regulation of the CII-specific Th1 type cellular immune response and not via immune deviation. 
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Introduction
An improved understanding of the
pathogenesis of autoimmune diseases
over the past decade has resulted in
identifying novel ap p ro a ches for im-
munotherapy. The detection of T cell
re c eptor (TCR) va ri able (V) regi o n
gene restriction in several animal mod-
els of autoimmune diseases, including
ex p e rimental autoimmune encep h a l o-
myelitis (EAE) and collagen induced
arthritis (CIA) among others, suggested
that the TCRs expressed by pathogenic
T cells themselves might serve as use-
ful immu n o t h e rapeutic targets. Th i s
view is supported by the observation
t h at anti-TCR V region antibodies
d i rected at re s t ricted populations of
pathogenic T cells could prevent onset
of disease through elimination of the
autoreactive T cell repertoire (1). Simi-
larly, immunization with synthetic pep-
tides derived from the pathogenic T cell
re c eptor rep e rt o i re prior to disease
inducing immu n i z ations have been
effective in preventing the onset of the
disease (2). In EAE, s u ch pro t e c t ive
i m mu n i z ation seems to result in an
expansion of a pre-existing anti-idio-
typic T cell populat i o n , t h at in turn ,
alters the pathogenic T cell repertoire
(2-4). Although both CD4+ and CD8+
regulatory cells can participate in such
a response (2, 3 , 5 ) , p e r h aps thro u g h
direct destruction or bystander suppres-
sion of the pathogenic T cells, mecha-
nisms of protection are only partially
understood. 
The appreciation of the role of cyto-
kines produced by specific T cell sub-
sets has provided significant insight
into the pat h ogenesis and possibl e
ave nues for therapy of autoimmu n e
diseases. Pro - i n fl a m m at o ry type 1
immunity, characterized by IFN- and
IL-2 production (without IL-4 and IL-
5) and complement fixing IgG2a anti-
b o d i e s , has been stro n g ly associat e d
with development of disease in several
model systems, i n cluding EAE (6).
Shifting of the antigen specific cyto-
kine profile towards IL-4 and IL-5 pro-
duction, while inhibiting IFN- secre-
tion, has also been effective in protect-
ing animals from developing EAE.
EAE is unlike many human autoim-
mune diseases, however, in that T cells,

in the absence of autoantibodies, are
both necessary and sufficient to pro-
duce the full manifestations of disease
(7-9). Similarly, the role that T cells
play in the induction or suppression of
CIA is most likely dependent on the
cytokines they pro d u c e. It has been
shown that Th1 cytokine IFN- can be
detected in arthritic joints and that mice
given IFN- parenterally develop more
severe arthritis (10). In contrast, mice
given IL-4 parenterally were relatively
resistant to the induction of CIA as
compared to controls (11). 
Collagen induced arthritis (CIA) is an
animal model of infl a m m at o ry pol-
yarthritis that mimics human rheuma-
toid arthritis in many respects (12-14).
Mice with susceptible MHC H-2q and
H-2r hap l o t y p e s , when immu n i ze d
with heterologous type II collagen in
Complete Freunds A d j u vant (CFA ) ,
develop antibodies and T cells reactive
with the autoantige n , a phenomenon
which is essential for the pathogenesis
of CIA (15-20). In this model system it
has also been shown that for full mani-
fe s t ation of CIA Th1 type immu n e
response specific for collagen is essen-
tial, and that immune deviation towards
Th2 type immune response (i.e. IL-4
and IL-5 producing) can prevent the
development of disease (21). 
We have prev i o u s ly shown that
BUB/BnJ mice (H-2q) have deletions
of TCR V 5, 8, 9, 11, 12 and 13 gene
subfamilies (TCR V a genotype) (22)
but are susceptible to CIA and develop
severe deforming arthritis after immu-
nization with chicken type-II collagen
in CFA and that the disease is indistin-
guishable both histologically and clini-
cally from disease which develops in
other susceptible strains of mice with
TCR V b genotype (22-24). We have
also shown that the autoreactive T cell
repertoire in BUB mice with CIA is
s kewed towa rds ex p ression of V 1 0
and V 3 gene families (23). We further
found that immunization with a TCR
V 10 peptide, prior to immunization
with chicken type-II collagen can pre-
vent the development of CIA (24). But
how immunization with synthetic TCR
V peptide affects the emergence of
the pathogenic, autoantigen-reactive T
cell and antibody rep e rt o i res is not
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known. In particular, whether the pro-
t e c t ive immu n i z ation with TCR V
p eptide alters the fre q u e n cy / cy t o k i n e
profiles of the pathogenic CII specific
T cells and/or alters the detectable CII
specific antibody titers has not yet been
determined. The present studies focus-
ed on ex p l o ring how immu n i z at i o n
with TCR V p eptides affects the
d evelopment of C-II-specific cellular
immune response. Understanding these
e ffects may have important implica-
tions for devising future therap e u t i c
s t rat egies aimed at preventing and
treating autoimmune diseases.
We used a highly sensitive cy t o k i n e
ELISA spot assay to determine the fre-
q u e n cy, a n t i gen specifi c i t y, a n d
cytokine profiles of the autoreactive T
cell repertoire in arthritic and protected
mice. Our results demonstrate that the
development of CIA in BUB mice was
indeed associated with a Th1 type
cy t o k i n e - s e c reting cellular immu n e
response specific for a single immun-
odominant epitope of the CII molecule
(A2). A novel and highly signifi c a n t
finding of our studies was that the pro-
t e c t ive immu n i z ation resulted in an
expansion of a population of V 1 0 p
s p e c i fic IFN- and IL-2 pro d u c i n g,
CD4+ T cells, and was associated with
a dramatic reduction in the frequency
of CII and A2 specific T cells in arthri-
tis protected mice. Thus, our findings
provide further evidence for the patho-
genicity of CII specific Th1 type
i m munity in CIA, and suggest that
decreasing the frequency of the autore-
a c t ive T cells, without a shift in
cytokine profile, is sufficient to prevent
the development of arthritis. 

Materials and methods
Mice. Male BUB/BnJ mice (H2q, TCR
V a) 6-8 weeks old we re purch a s e d
f rom The Ja ckson Lab o rat o ries (Bar
Harbor, ME) and were maintained in
the specific pathogen free Animal Care
Facilities of the School of Medicine at
Case We s t e rn Reserve Unive rs i t y,
Cleveland, OH. All experiments were
c a rried out in accordance with the
National Institutes of Health guidelines
and with the approval of the Institution-
al Animal Care and Use Committee at
Case Western Reserve University.

Antigens. Chicken type-II collagen (C-
II) was obtained from Biotech Hold-
ings Inc., Hudson, OH or Chondrex,
Seattle, WA. Mouse C-II and peptide
fragments from the CB11 fragment of
chicken C-II were a generous gift from
Dr. Marie Grifiths, Salt Lake City, UT.
Synthetic peptides for V 10 (QTLDH-
N T M Y W Y K Q D S K K L L K I M , a m i n o
acids 25-46 in the V 10 molecule) or
c o n t rol V 14 (AT G G T L Q Q L F Y S I T-
VG Q V, residues 39-56 of the V 1 4
molecule) we re synthesized by Ta n a
Laboratories Houston, TX. 
Immunization protocols. Immunization
of mice with V 10p was performed as
p rev i o u s ly described (24). Bri e fly,
V 10p or control V 14p we re dis-
solved in PBS (1.5 mg/ml), and com-
bined 1:1 with Complete Freunds Ad-
juvant (CFA, GIBCO-BRL). 100 l of
V 10p or V 14 p mixed in CFA was
injected intradermally at the tail base
10 days prior to arthritis inducing C-
I I / C FA immu n i z ation. CIA was in-
duced by intradermal injection of 100

l of chicken C-II emulsified in CFA
as previously described (24).
Determination of severity of arthritis.
Joints were graded as 1 (edema and
swelling), 2 (loss of range of motion in
addition to profound edema and swel-
ling), or 3 (ankylosis of the joint in ad-
dition to edema and swelling) as previ-
ously described (24). All affected joints
in a mouse were documented. A total
joint score/mouse was calculated by
adding the scores for each joint of the
individual animal. Thus the maximum
s c o re/mouse could be 12. Histologi c
analysis was carried out at the facilities
of Histology and Immu n o h i s t o ch e m-
istry Core of the Northeast Ohio Multi-
purpose Arthritis Center (NEOMAC). 
Isolation of serum, lymph node cells,
and splenocytes. Serum samples were
prepared from whole blood specimens.
Draining lymph nodes or spleen cells
were dissected and single cell suspen-
sions were prepared under sterile con-
ditions using standard protocols. Os-
motic lysis of red blood cells was per-
formed by 1-2 min incubation in hypo-
tonic lysis solution (150 mM NH4Cl,
1mM KHCO3, 0.1 mM Na2EDTA) fol-
lowed by washing in Hank’s Balanced
Salt Solution (HBSS).

ELISA assay. Immulon-4 plates (Dyna-
t e ch Lab o rat o ries Inc. , C h a n t i ly Va )
were coated overnight at 4°C with anti-
gen (chicken C-II, mouse C-II,A2 pep-
t i d e, Hen egg white lysozyme or
V 10p at a concentration of 10 g/ml
(100 l / well). After washing thre e
times with PBS + 0.5% Tween (PBST),
plates were blocked for 1 hr at room
t e m p e rat u re. Serum samples we re
diluted with blocking solution and then
a dded in duplicate to the wells and
incubated at 4°C overnight. Plates were
washed again three times with PBST
and detection antibody (Goat anti-
mouse IgG1 alkaline phosphat a s e
( S o u t h e rn Biotech n o l ogy A s s o c i at e s
Inc., Birmingham,Al) at 1:2000 or rab-
bit anti-mouse IgG2a alkaline phos-
p h atase (American Qualex) at 1:500
dilution was added and incubated for 4
hours at room temperature. After wash-
ing four times with wash buffer (150
mM Tri s - C l , 450 mM NaCl, 9 mM
N a N3 pH 7.5), ELISA plates we re
developed with a p-nitrophenol phos-
p h ate substrate (Research Orga n i c s
Inc., Cleveland, OH) for 10-60 minutes
at room temperature and A405 OD units
were quantitated.
ELISA spot assay. ELISA spot assay
for the detection of IFN- , IL-2, IL-4,
and IL-5 producing cells was perform-
ed essentially as previously described
(25). Briefly, ELISA spot plates (Cellu-
lar Te ch n o l ogies Limited, C l eve l a n d,
OH) were coated overnight with cap-
ture cytokine antibodies diluted in ster-
ile PBS: for IFN- antibody R46A2,
produced in our laboratory from hybri-
doma cultures, was used at a concentra-
tion of at 4 g/ml; for IL-2, anti-IL-2
capture antibody JES6-1A12, (Pharm-
ingen, San Diego, CA) was used at a
c o n c e n t ration of 3 g/ml; for IL-4,
antibody 11B11, produced in our labo-
rat o ry from hy b ridoma culture s , wa s
used at a concentration of 2 g/ml;
and for IL-5 antibody T R F K 5 , p ro-
duced in our laboratory from hybrido-
ma cultures, was used at a concentra-
tion of g/ml. 
After blocking the wells for 1 hour with
PBS + 1%BSA, p l ates we re wa s h e d
three times with PBS and splenocytes
(1 x 106) or lymph node cells (5 x 105)
were added to individual antibody coat-
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ed wells in HL-1 medium (BioWhittak-
er) with the addition of penicillin,
streptomycin, and L-glutamine in the
presence or absence of specific antigen.
Antigen concentrations (when present)
were in duplicate as follows: C-II at 10

g/ml, Hen Egg Lysozyme (HEL) at
10 g/ml, V 10p at 10 g/ml, A2 at
10 g/ml, and Conconavlin A (ConA)
at 2 g/ml. The plates were incubated
at 37°C for 24 hours in 5%CO2 and
then washed three times with PBS fol-
l owed by four washes with PBST.
Detection antibodies were: for IFN-
biotinylated XMG1.2; for IL-2 biotiny-
lated JES6-5H4; for IL-4 biotinylated
BVD6-24G2; for IL-5 biotiny l at e d
TRFK4. All antibodies were purchased
commercially (Pharmingen) and were
diluted in PBST + 1% BSA (2 g/ml)
and l solution was added to
each well for the detection of cytokines
and the plates were incubated overnight
at 4°C. 
The plates we re washed three times
with PBST and incubated for 90 min at
room temperat u re with HRP-strep t a-
vidin (Dako, Denmark) at 1:2000 dilu-
tion (for IL-2 and IL-4 detection) or
with anti-biotin (Vector) at 1:1000 dilu-
tion (for IFN- and IL-5 detection) fol-
lowed by development with 3-Amino-
9-ethyl carbazole reagent (Pierce Che-

mical Co., Rockford, IL) or with nitro-
blue tetrazolium chloride (Biorad). The
resulting spots were quantitated using a
computer assisted spot image analyzer
designed to detect spots using predeter-
mined criteria based on size, shape, and
colorimetric density. In some experi-
ments bl o cking rat anti-mouse CD4
antibodies or blocking rat anti mouse
CD8 antibodies (isolated from T cell
hybridoma cultures grown in our labo-
ratory) at 50 g/ml were added to each
well.
Adoptive transfer of TCR V 10p-spe -
c i fic T cells. To determine wh e t h e r
TCR V 10p-specific T cells can pro-
tect naive mice from CIA, we immu-
n i zed 5 male BUB mice with T C R
V 1 0 p / C FA. Ten days later dra i n i n g
LN and splenic cells were collected, T
cells were purified using T cell purifi-
cation columns ( R & D Systems, MN)
and an aliquot subjected to ELISA spot
analysis. Purified T cells were suspend-
ed in PBS and 5 x 106 T cells/mouse
we re injected i.v. into 5 male BU B
mice and 3 days later recipient mice
were immunized for the induction of
CIA and boosted 3 weeks later with C-
II/CFA. Age matched male BUB mice
injected i.v. with PBS only and then
treated identically as the experimental
group served as controls. 

Results
CIA in BUB mice is associated with a
Th1 type (IFN- producing) immune
response specific for C-II
In initial ex p e riments we fi rst deter-
mined the fre q u e n cy, s p e c i ficity and
cytokine profile of collagen specific T
cells in BUB mice immunized to get
CIA by the ELISA spot assay. A s
shown in Figure 1A, recall antigen spe-
cific immunity to C-II in these mice
was characterized by IFN- and IL-2
production without IL-4 or IL-5 pro-
duction, a profile which is consistent
with a Th1 type immune response. C-II
specific, IFN- producing cells were
detectable at ~120/million cells plated,
while naive mice and mice immunized
with control antigens produced < 5 cy-
tokine spots/million cells in response to
C-II (data not shown). 
Sera from mice immunized to get CIA
contained high titers of C-II specific
antibodies of the IgG1 and IgG2a sub-
classes (Fi g. 1B). Since IFN- i s
known to induce an isotype switch to
IgG2a production, the presence of C-II
specific IgG2a antibodies is consistent
with the presence of a Th1 type
immune response in BUB mice immu-
nized with C-II in CFA. This has not
previously been documented in these

Fig. 1. C-II specific cellular and humoral immune response in BUB mice with CIA. 
A: Spleen cells were isolated from mice on day 40 after CIA-inducing immunization (at least grade 2 arthritis) and tested in cytokine ELISA spot assays. The
data represent mean values of three independent measurements +/- standard error calculated from duplicate wells for each animal (< 10 % variability between
wells in an individual animal). Spots for culture medium alone, control antigen HEL,and C-II are shown for each cytokine. The experiment was repeated 2
times with similar results. 
B: ELISA assay for C-II specific IgG2a (open bars) and IgG1 (crossed bars) was performed using serial dilutions of serum from arthritic animals obtained on
day 40 after immunization. Each data point represents the mean value obtained using serum from three animals and ELISA performed in triplicate on each
sample +/- standard error. C-II specific antibodies of either the IgG2a or IgG1 subtype were not detected in the serum from control animals (not shown).
There was no detectable titer to control antigen HEL in any animal (data not shown). Similar results were obtained in 2 independent experiments.

(A) (B)
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mice. No C-II specific antibodies were
detected in naive and control mice
immunized with V 10p.
In order to determine the fine specifici-
ty of the T cell response to C-II, we
p e r fo rmed epitope mapping ex p e ri-
ments using 12 peptide frag m e n t s
spanning the cyanogen bromide frag-
ment 11 of the C-II molecule. Th e
CB11 fragment has prev i o u s ly been
shown to harbor the immunodominant

region of the C-II molecule for H-2q

re s t ricted T cell immune re s p o n s e s
(26). Representative individual IFN-
ELISA spot wells are shown in Figure
2A, and the results are quantified in
Figure 2B. As can be seen, the predom-
inant T cell response was directed at
peptide A2 (residues 245-270, Fig. 2).
In these experiments no C-II-specific
IL-4 or IL-5 spots were detected to any
C-II peptide (results not shown). Im-

portantly, the identified peptide A2 is
the same as that described in the proto-
typic CIA suscep t i ble DBA/1 (H-2q)
mouse strain (26). This finding is there-
fore consistent with our previous stud-
ies showing that the TCR V ge n e
deletions in the BUB/BnJ mouse strain
has no effect on the development of an
autoreactive T cell repertoire, and that
the autore a c t ive cellular immu n e
response in TCR V a mice mimics the
cellular response observed in other CIA
susceptible H-2q strains with TCR V b
genotype. 

V 10p-specific cellular immune
response was mediated by CD4+ 
Th1 type T cells
We have prev i o u s ly shown that pre -
i m mu n i z ation of BUB mice with
V 10p prevents the development of
CIA in BUB mice (23). In an effort to
gain further insight into the mechanism
of this protective effect, we next sought
to characterize the induced V 10p spe-
cific immune response in mice immu-
nized with V 10p/CFA. As shown in
Figure 3A, immunization with V 10p
resulted in induction and expansion of
IFN- and IL-2 producing T cells spe-
cific for V 10p (~80 IFN- spots/106

lymph node cells). The observed cyto-
kine pro file was consistent with our
previously published studies showing

Fig. 3. Immunization with V 10p induces a CD4 restricted Th1 type cellular immune response. A. Draining lymph node cells obtained on day 10 after
immunization with V 10p/CFA were tested using cytokine ELISA spot assays. Bars represent the mean values of duplicate wells for three individual animals
tested in a single experiment. Peptide A2 served as a specificity control for these experiments. This experiments were repeated twice and similar results were
obtained. 
B. Draining lymph node cells obtained on day 10 after immunization with V 10p/CFA were tested for IFN- production in response to V 10p in the pres-
ence of anti-CD4 or anti-CD8 antibody (50 g/ml). Results represent mean values of duplicate determinations made from 3 mice. No response to control
TCR V$14 peptide was detected (not shown). The experiment was repeated twice with similar results.

Fig. 2. Draining lymph node cells from arthritic animals respond to the C-II derived immunodominant
peptide A2. 5x10 5 lymph node cells were tested for responses to medium alone or peptide fragments
spanning the entire CB11 fragment of C-II (10 g/ml) using an ELISA spot assay. Representative
mean values of duplicate wells, after subtraction for non-specfic stimulation (< 12 spots per well for
HEL-stimulated wells), as determined by computer assisted image analysis are shown. Similar results
were obtained in 3 separate experiments using independent batches of mice (n = 6 mice/group). No IL-
4 or IL-5 was detected by this method in response to any antigen (data not shown). 

(A) (B)
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that immunization with peptide in CFA
induces pre d o m i n a n t ly a Th1 type
immune response (25, 27). The V 10p
s p e c i fic immune response was also
d e t e c t able in spleen cells 3-4 we e k s
after immunization (data not shown),
i n d i c ating that the induced immu n e
response was stable over time. No
V 10p specific T cells were detected in
unimmunized mice or in mice immu-
nized with C-II to get CIA (results not
shown) and is consistent with our pre-
vious findings (25). Control immuniza-
tion with V 14p also resulted in a Th1
immune response (IFN- and IL-2 pro-
ducing, but not IL-4 or IL-5; data not
shown). 
Since both CD4+ and CD8+ T cell sub-
sets have been implicated as important
m e d i at o rs of pro t e c t ive immunity in
other model systems (2, 3, 5), we next
tested whether the V 10p specifi c

response was derived from the CD4+
or CD8+ subpopulation. As shown in
Fi g u re 3B, V 10p specific cy t o k i n e
production was blocked by anti-CD4,
but not by anti-CD8 blocking antibody,
demonstrating that the V 10p specific
cytokine production was mediated by
CD4+ T cells. 

Protective immunization with V 10p
decreases the frequency of C-II-specif-
ic T cells
We next determined how immunization
with V 10p prior to disease-inducing
i m mu n i z ation affected the deve l o p-
ment, frequency and cytokine profile of
C-II-specific T cells. Groups of mice
were either preimmunized with V 10p
( ex p e ri m e n t a l ) , V 14p (specifi c i t y
c o n t ro l ) , or we re not pre - i m mu n i ze d
(control). Ten days later animals in all 3
groups were immunized with C-II to

induce arthritis. Our results show that
in mice pre i m mu n i zed with V 1 0 p ,
o n ly 2 of 8 mice (25% incidence)
developed clinical arthritis compared to
an incidence of 75% in both the control
groups. As previously described (25),
clinical art h ritis corre l ated well with
the histological analysis of arthritic and
a rt h ritis protected mice (not show n ) .
Similar results (not shown) were ob-
tained when this ex p e riment was re-
peated with a new batch of mice. The 2
mice pre-immunized with V 10p that
developed arthritis after immunization
with C-II/CFA had a lower frequency
of V 10p specific IFN- producing T
cells (10 and 35 spots/million cells
plated in the arthritic mice compared to
30-100 spots/million cells plated in the
a rt h ritis protected mice, d ata not
shown). 
We also determined the frequency of
C-II specific T cells in mice immunized
with V 10p prior to disease inducing
i m mu n i z ations and these results are
s h own in Fi g u re 4A. Stri k i n g ly, i n
these mice protection from arthritis was
associated with a barely detectable C-
I I - s p e c i fic Th1 type cellular immu n e
response (< 10 IFN- producing cells/
106 cells plated). This was in sharp con-
trast to the arthritic mice in the control
groups where the frequency of IFN-
producing T cells specific for C-II was

Table I. Incidence and severity of CIA in BUB mice§.

Pretreatment Incidence Day of onset Joint Score

None 6/8 30, 29, 31, 30, 28,32 3,2,2,2,2,1,0,0

V 14p/CFA 3/4 29, 29, 32 6,5,2,0

V 10p/CFA 2/8 33 6,4,0,0,0,0,0,0

§Animals were either not preimmunized, or were preimmunized with V 10p or V 14p in CFA 10 days
prior to immunization with C-II/CFA (day 1) to get CIA. All animals were sacrificed on day 40 for
recall analysis. Clinical score (total joint score) shown here is the sum of scores for all joints of the
same animal. Similar results were obtained in two other independent experiments.

Fig. 4. TCR V 10p induced protection decreases the frequency of C-II and A2 specific T cells. ELISA spot recall assays were performed using splenocytes
obtained from three independent groups of mice:Control animals (n = 6) were not pre-immunized with V 10p/CFA and developed arthritis; all animals pre-
immunized with V 14p developed arthritis (peptide control,n = 6); all animals pre-immunized with V 10p were protected and did not develop arthritis (n =
6). The frequencies of C-II (panel A) and A2 (panel B) specific IFN- producing cells after subtracting nonspecific antigen induced spots are shown. There
were no detectable C-II- or A2-specific, IL-4- or IL-5-producing cells in any group while positive Con A stimulated controls showed >100 spots per well (data
not shown). The response to the specificity control antigen HEL was < 10 spots/million cells for all cytokines. The experiment was repeated twice with dif-
ferent batches of BUB mice and similar results were obtained. 
* P < 0.001 comparing C-II specific IFN- production in arthritic and protected mice.

(A) (B)
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significantly higher (30-255 IFN- pro-
ducing cells/106 cells plated, p < 0.01).
R e m a rk ably, p rotection from art h ri t i s
was not associated with the emergence
of Th2 type cytokine secreting T cells
(IL-4 or IL-5 producing T cells, data
not shown). Moreover, the protective
immunization with V 10p was associ-
ated with a lack of detectable response
to the previously defined immunodom-
inant epitope A2 (Fig. 4B) and no alter-
native epitopes from the CB11 region
emerged as dominant (data not shown).
Antigen recall responses (not shown)
from mice preimmunized with V 14p
prior to disease inducing immunization
that developed arthritis revealed similar
f requencies of C-II specific (and A 2
specific) Th1 type T cells (IFN- pro-

ducing). Th u s , our data demonstrat e
that immunization with V 10p (but not
with a control TCR V peptide) pro-
tected mice from the phenotypic ex-
pression of arthritis and this protection
was associated with a marked decrease
in the pat h ogenic Th1 type T cell
immune response without a shift in the
cytokine profile. 
In contrast to the marked effects on the
C-II specific T cell immune response,
p ro t e c t ive immu n i z ation with V 1 0 p
had minimal effect on the titers or sub-
types of mouse C-II-specific antibodies
(Fig. 5). Both IgG1 and IgG2a antibod-
ies specific for mouse type-II collagen
were found in control arthritic mice, in
mice preimmunized with V 14p and in
arthritis protected mice (preimmunized

with V 10p), with titer similar to those
found previously in arthritic and arthri-
tis protected mice (23). We thus con-
clude that the anti-autoantigen specific
h u m o ral immune response was not
ap p re c i ably altered by immu n i z at i o n
with TCR V peptides. 

Adoptive transfer of V 10p-specific 
T cells (IFN- producing) reduced 
the incidence and delayed the onset 
of CIA in BUB mice
T cells purified from LN and spleens of
mice immunized with V 10p/CFA spe-
c i fi c a l ly produced IFN- ( d ata not
shown). These cells were injected i.v.
into age - m at ched BUB mice wh i ch
were then immunized with C-II/CFA
for the induction of CIA. As can be
seen from Table II, only 37% of the
mice receiving the TCR V 10p-specif-
ic T cells developed arthritis as oppos-
ed to controls, where 100% of the mice
developed CIA. Additionally, the onset
of arthritis in the recipient group was
significantly delayed (p < 0.001) when
compared to controls (Table II). The
severity of the disease was also mild in
the affected mice that received V 10p-
specific T cells prior to disease induc-
ing immunizations (Table II) and the
arthritis did not progress rapidly as is
usually the case.

Discussion
We have previously shown that immu-
nization of CIA susceptible BUB mice
with TCR V 10p prior to disease in-
ducing immunization with C-II results
in pro t e c t ive immunity against CIA
(23). Results presented in this pap e r

(A)

Fig. 5. Anti-mouse C-II antibody titer in protected and arthritic mice:ELISA results for IgG1 (panel A) and IgG2a (panel B) anti-mouse C-II antibody per-
formed on serum samples from arthritic (n=6) or protected (n=3) mice. The results are expressed as the mean value of OD units measured at 405 nm after sub-
tracting the background binding to specificity control HEL (< 0.1 units in each animal). Error bars represent 1 standard deviation from the mean.

(B)

Fig. 6. Cellular immune response to TCR V 10p and C-II in arthritic and protected mice. Mice receiv-
ing TCR V 10p specific cells (IFN- producing) were protected from CIA and showed a down modu-
lation C-II-specific Th1 type immune response. Control mice receiving only PBS were not protected
from CIA and had a robust C-II-specific Th1 type immune response. Results also show that arthritic
mice did not develop TCR V 10p-specific cellular immune response. Results shown are the means of
two independent experiments, each performed in duplicate. Error bars represent S.D. of the mean.
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confirm and expand upon our previous
findings and further establish that CIA
in BUB mice is characterized by a C-II
s p e c i fic Th1 type immune re s p o n s e.
The induced C-II-specific (and immun-
odominant C-II ep i t o p e - s p e c i fic) T
cells overwhelmingly produced IFN-
and IL-2 (Fi g. 1). The detection of
IgG2a anti-C-II antibodies, in addition
to IgG1, is also consistent with an over-
all Th1 type immune response (27).
The pro i n fl a m m at o ry effects of Th 1
type immune responses have been well
documented (28-31) and are consistent
with wh at is known rega rding the
pathogenesis of CIA (12). IFN- has
been shown to stimulate macrophage
a c t ivation (potentially leading to the
release of effector molecules T N F -
and nitric oxide), upregulate MHC II
and costimulatory expression on APCs
(thus facilitating T cell activation), ini-
tiate chemokine release (thus attracting
new T cells and monocytes into the site
of inflammation), and induce antibody
isotype switching to the complement
fixing IgG2a subclass (32, 33). Com-
plement fixation of anti-C-II specific
IgG2a antibodies, in particular, seems
to be essential (but not sufficient) for
the full manife s t ations of CIA (12).
Our results showing that the C-II spe-
cific cellular immune response in BUB
mice was primarily mediated by IFN-
and IL-2  producing T cells are consis-
tent with similar findings reported by
other investigators (20, 34). However,
our findings are the first to characterize
the cytokine profile and antigen fine
specificity in a mouse strain with the
TCR V a genotype. Moreover, our data
provide information regarding the fre-

q u e n cy of allore a c t ive T cells, a n d
show that not a very large number of T
cells are associated with the cl i n i c a l
ex p ression and manife s t ations of
arthritis in this model. Our data also
reveal that the autoreactive T cell reper-
toire is limited (30-220 IFN- produc-
ing cells/million cells) and fo c u s e d
towards the A2 peptide region of C-II.
As this is the same immunodominant
region of C-II found in other CIA sus-
ceptible H-2q mouse strains (26), these
data confirm that the large deletion of
TCR V genes in BUB mice does not
alter the autoimmune repertoire direct-
ed at the autoantigen C-II. 
Pe r h aps most notably, h oweve r, o u r
data clearly define how immunization
with this TCR peptide alters the patho-
genic C-II specific immunity. First, our
results show that immu n i z ation with
TCR V 10p induces a stable popula-
tion of CD4+, IFN- and IL-2 produc-
ing T cells specific for V 10p (Figure
3). Our findings contrast with several
studies of protective immunity in EAE,
in which TCR V peptide immuniza-
tions led to expansion of a pre-existing
population of regulatory CD8+ T cells
s p e c i fic for the autore a c t ive T cell
repertoire (2, 3). Findings reported here
suggest that the V 10p specific CD4+
T cells may provide a regulatory role in
protection from disease. 
Our results further demonstrate that the
induced V 10p specific immunity in
CIA-protected animals was associated
with a marked decrease in the frequen-
cy of C-II- (and A2-) specific T cells
without a change in their cytokine pro-
file. As it has not been possible to read-
ily measure the frequencies of antigen

s p e c i fic T cells prior to use of the
ELISA spot approach, the decrease in
f requencies of C-II specific T cells
after protective immunization provide
n ovel insight into the effects of this
strategy. The findings are entirely con-
sistent with the notion that the frequen-
cy of pathogenic T cells will, in part,
determine whether the induced autoim-
mune response results in end orga n
d a m age. Intere s t i n g ly, the pro t e c t ive
immunization did not prevent arthritis
in two animals, and these mice con-
tained high frequencies of C-II specific
T cells (over 100 IFN- p ro d u c i n g
cells/million cells plat e d, results not
shown) and suggest that the induced
pathogenic T cells must reach a “thres-
hold” frequency to result in end organ
damage. There is some previous exper-
imental evidence from adoptive trans-
fer models to suggest that the frequen-
cy of autoreactive T cells may be cru-
cial in determining whether the autoim-
mune response results in end orga n
damage (35). Low frequencies of auto-
reactive T cells may not be sufficient to
induce autoimmune disease despite
ex p ression of identical cytokine pro-
files and antigen specificities as the
pathogenic T cell repertoire. 
We do not yet know the mechanism(s)
involved in the reduction in frequency
of the C-II-specific T cells. Our data
cannot distinguish T cell deletion, T
cell anergy and/or T cell suppression as
v i able mech a n i s m s , but defi n i t ive ly
d e m o n s t rate that dev i ation towa rd s
type 2 immunity is not operative under
these circumstances. As murine T cells
do not express MHC II and the induced
protective immunity to V 10p is CD4
restricted, it is unlikely that the protec-
tive effect is due to direct cell mediated
deletion of the pathogenic T cells by
the protective CD4 population. This is
consistent with a fo rm of induced
bystander suppression or induced aner-
gy, hypothesized to be the case in some
ex p e riments demonstrating pro t e c t i o n
from EAE (36-39). The specific cellu-
lar and molecular mechanisms involv-
ed in this process have yet to be estab-
lished and are the focus of ongo i n g
studies in the laboratory. It is possible
t h at the population of CD4+ V 1 0 p
s p e c i fic T cells provide help for the

Table II. Adoptive transfer of TCR V 10p-specific T cells (IFN- producing) reduced the
incidence and severity of CIA in recipient BUB mice.

Immunization Protocol Incidence of Mean Day of Mean Arthritis 
CIA Onset (Range) Index (MAI)

PBS + V 10p-specific T cells; 
C-II/CFA 3 days later 3/8 (~37%) 43 (41-44) 1

PBS C-II/CFA 3 days later 8/8 (100%) 30 (27-34) 2.8

Results shown are cumulative of two experiments done independently using different batches of mice.
In each experiment, mice in both groups were boosted with C-II three weeks after primary immuniza-
tion with C-II/CFA.
MAI was calculated by adding the total clinical severity score of each joint in each group of mice and
dividing by the total number of mice in that group. The difference in the MAI of the two groups was
statistically significant (p < 0.001).
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induction of an anti-V 10 specific anti-
body response that contributes to dele-
tion of the autoreactive T cells and we
have shown that transfer of serum from
protected animals can delay the onset
of art h ritis (but does not prevent it)
(23). Thus, although we cannot rule out
a role for protective antibodies induced
by the V 10p immunization, our data
reveal that full protection was depen-
dent on the presence of active anti-TCR
V 10p- specific T cell immunity. Con-
sistent with this is the finding that
adoptive transfer of TCR V 10p-spe-
cific T cells (IFN- producing) from
V 10p immunized mice to naive recip-
ients was sufficient to reduce the inci-
dence and delayed the onset of CIA in
recipient mice (Table II). The protected
mice had anti-TCR V 10p-specific T
cells (IFN- producing) indicating that
the transferred immune response was
stable. This was in sharp contrast to
c o n t rol mice wh e re 100% of those
i m mu n i zed with C-II/CFA deve l o p e d
severe, classical arthritis (Table II) and
in these mice anti-TCR V 10p-specific
T cells were not detected (results not
shown).
We found it intriguing that there were
no detectable differences in the anti-
mouse C-II IgG1 and IgG2a titers in
diseased versus protected animals. The
continued presence of anti-C-II specific
antibodies in protected animals has two
important implications. First, the find-
ing confi rms that the presence of
autoreactive antibodies alone is insuffi-
cient to yield the full manifestations of
CIA. This is consistent with previous
o b s e rvations that autoantibodies can
transfer only a transient form of arthri-
tis, and that the full manifestations of
this disease re q u i re both T cell and
h u m o ral immunity specific for the
a u t o a n t i gen (15). Secondly, the pre s-
ence of detectable autore a c t ive anti-
bodies in the serum of protected ani-
mals suggests the presence of T cell
help for induction of an antibody
response despite our inability to detect
C-II specific T cells. Such an observa-
tion is further evidence that the patho-
genic autoreactive T cell repertoire is
suppressed but not deleted. Immuniza-
tion with V 10p prior to immunization
with C-II to get disease seems to have

prevented some effector functions (i.e.
the ability to secrete cytokines at a time
when arthritis is anticipated to occur)
but have little effect on other functions,
i.e. provision of help for induction of
an autoantibody response. 
In concl u s i o n , our findings prov i d e
strong evidence that immunization with
TCR V 10 peptide induced a stabl e
CD4 mediated Th1 type immu n e
response specific for TCR V 10p and
this was associated with a significantly
decreased frequency of autoreactive T
cells in BUB mice. Further elucidating
the mechanisms of this protective de-
crease in pathogenic T cells may result
in novel approaches for the treatment
of autoimmune diseases. 
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