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SUMMARY

To investigate the role of cytotoxic T lymphocytes (CTL) in arthritis, we set out to induce CTL specific

for murine type Il collagen (mCIll) in a mouse model. The primary protein sequence of the murine pro-
1(11) was screened for fragments bearing H-2dD K binding motifs. Six fragments were identified and

the corresponding peptides synthesized. One of these peptides, peptide P201 (amino acid 199-208 in the
C-propeptide of the murine prai(ll)), was found to be a strong binder to H-Z.0When used to treat

RMA-S cells at 26C, peptide P201 induced a four-fold increase of surface expression of H-2 D
Administration of the P201-treated RMA-S cells into B10 mice (Blidduced strong CTL responses
against the immunizing collagen peptide. Despite the high frequencies of mCll-specific CTL precursors
in the periphery, however, the immunized mice showed no sign of arthritis up to 16 weeks after
immunization. Implications of these data for autoimmunity and arthritis are discussed.
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INTRODUCTION another 10 patients were unsuccessful [12]. Here we report results
from experiments undertaken to study the role of CTL in arthritis in

Arthritis of different forms, such as rheumatoid arthritis (RA),
a mouse model.

juvenile arthritis, ankylosing spondylitis (AS) and reactive arthritis
(ReA), are associated with antigens of the MHC [1-5]. For
instance, about 40% of patients with RA carry HLA-DR4, a class Il MATERIALS AND METHODS

MHC product, and 90% of spondylitics possess HLA-B27, a class |

product of the human MHC, compared with 13% with DR4 and 7% _ . )

with B27 in the Caucasian population [1-5]. It is generally Mice and monqclonal antibodies

accepted that autoimmune T lymphocytes reactive to joint anti €male B10 mice of 10-12 weeks old were purchased from Olac
gens, such as type Il collagen (CII) and proteoglycan, may play 4Bicester, UK). MoAbs, B22 and Y3, specific fg5-microglobin-
central role in the pathogenesis of these disorders [6-9]. Subcutz?—ss_o_c'ated H-2 E)gnd K heavy chains [13’_14]’ respectively, Werg
neous immunization of mice, rats and primates with autologous, oPUrified from ascites fluid. The rat hybridomas YTS-169 (anti-
heterologous, Cll induces class || MHC-restricted Clper T~ MUn€ CD8) and GK1.5 (anti-murine CD4) [15] were grown as
cell responses and triggers arthritis [6]. Passive transfer of D4 2SCités in pristane-treated nude mice.

cell clones specific for cartilage proteoglycan agcobacterium . . ) ) )

tuberculosiscaused arthritis in recipient rats [10]. Therapeutic S¢reening for possible CTL epitopes in murine ClI o
vaccination against CD4T lymphocytes is now regarded as a Mature Qllderlyes from procollagen Il composed pfthree |d§ntlcal
possible way of treating RA in the future [11]. It is not clear, POIyPeptide units—prarl(il). The H'Z,'jj and Kb'b'”‘{""g motifs
however, whether class | MHC-restricted, CD8ytotoxic T (an asbparagme_ at the flfth_ and amethl_onme at th(_a ninth po_s_mon for
lymphocytes (CTL) could also trigger inflammatory responses inH'2 Db; a tyrosine at the fifth and leucine at the.elghth position for
the joints. The strong AS-B27 association supports this view.1-2 K°) [16-18] were used to screen the primary sequence of
Previously we identified CTL specific for a Cll peptide in a B27- Murine proel(l) [19,20] for possible CTL epitopes. The six

positive patient with ReA, although attempts to repeat this inpeptides thus identified (Table 1) were synthesized using a Zinsser
automatic multiple peptide synthesizer (Zinsser Analytic, Frank-

furt, Germany).

Correspondence: X. M. Gao, Department of Biochemistry, Imperial
College of Science, Technology and Medicine, Exhibition Road, LondonASsembly assays
SW7 2AZ, UK. RMA-S is a murine tumour cell line that has a defect in transporting
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Table 1. Fragments in murine type Il collagen (mCll) bearing H-2 @ K°-binding

motifs

ID number Position H2 B H-2 KP
P201 199-208 (C)* IQGISDVEM

P206 88-95(H) GHRGYPGL
P207 791-798(H) GERBPGL
P208 931-938(H) GHRBTGL
P209 5-12(C) DMSRAGL
P210 159-166(C) VQMFLRL
P365 Flu-NR ASNENMDAM

*‘C’ in parentheses indicates that the peptide is from the C-propeptide of murine
pro-«1(1l) molecule.

1 ‘H’in parentheses indicates that the peptide is from the triple helical region of the
pro-«1(1l) molecule.

$P365 is an H-2 Brestricted CTL epitope (amino acid 366-374) in the
nucleoprotein of influenza A virus [27].

cytosolic peptides into the endoplasmic reticulum (ER). H22Bd then harvested from each well and radioactivity determined using a
KP molecules expressed in RMA-S cells are thus unfolded andnicro-3-counter (Wallac, Milton Keynes, UK). Spontaneous and
retained in the ER [21]. Addition of appropriate synthetic peptidesmaximum release of'Cr by the target cells was determined by
to live RMA-S cells significantly increases the expression of theseadding, to the labelled target cells, medium alone or 1% NP-40,
class | molecules on cellular surfaces [22,23]; addition of suctrespectively. Experimental wells were dispensed in triplicate. The
peptides to the lysate of RMA-S cells helps the H-24hd H-2  percentage of specifitCr-release was calculated as:

K® molecules to fold, in a dose-dependent fashion, into a wildtype
conformation recognized by MoAbs B22 and Y3, respectively
[21,24]. RMA-S cells were used for determining the binding affinity
of the collagen peptides to H-2°Dand H-2 K molecules in  Precursor frequency analysis for murine Cli-specific CTL
‘assembly assays’ as described by Elgtral. [24]. Briefly, RMA- Three weeks after the first immunization with peptide/RMA-S
S cells were metabolically labelled witf’S-methionine (Amer-  cells, groups of B10 mice were given a booster immunization with
sham) and then lysed in lysis buffer containing NP-46%8), NaCl ~ the same preparations. Spleens were harvested at different time
(50 mv), and PMSF (1Qug/ml; Sigma). The precleared lysate was points after the secondary immunization and the splenocytes used
treated with appropriate synthetic peptides, followed by MoAb (B22for determining the precursor frequencies of murine (m) ClI-
or Y3) and protein-A-Sepharose beads (Sigma). The precipitatespecific CTL in limiting dilution analysis. The spleen cells were
were thoroughly washed and analysed on SDS—-PAGE 10% gel. Thdistributed at varying numbers from 500 to 8000 cells/well in 96-
gels were fixed, treated with Amplify (Amersham), dried, and well round-bottomed plates in 10d of R10. Syngeneic spleen

(experimental release spontaneous relea)sg 100
(maximum release- spontaneous relegse

protein bands visualized by autoradiography. cells (30 Gy irradiated) were then added ak 210" cells/well in
100 ul of R10. Twenty replicate wells were set up at each effector
Induction of murine ClI-specific CTin vivo cell number. After 14 days of culture in the presence of IL-2 (10 U/

RMA-S cells (16) were treated with collagen peptides /&) at ml) at 37C, the microcultures were assayed for cytotoxicity
26°C for 18 h. A sample of the treated cells (LGvas stained against P201-pulsed’Cr-labelled EL-4 cells. Wells that showed
sequentially using MoAb B22, or Y3, and FITC-conjugated goatspecific >’Cr-release of 10% or more above the controls were
anti-mouse IgG (Sigma) and then analysed on a FACScan I\tounted as positive. Limiting dilution plots of homocysteine-
(Becton Dickson) for surface expression of H-2 br H-2 K° specific lysis are plotted with the regression line. The P201-specific
molecules. If positive, the remaining cells (in 1 ml of saline) were CTL precursor (CTLp) frequency is estimated from the intercept of
irradiated (60 Gy) and inoculated intraperitoneally into female B10the regression line at 37% negative wells. Mice in these groups (20
mice. Mice were killed for spleens 3 weeks later and the spleen cellper group) were also regularly observed for signs of arthritis using
(10) restimulatedn vitro with feeders, i.e. syngeneic spleen cells the criteria described by Volkman & Collins [25].

(4 x 10P) pulsed with the immunizing peptide, for 5 days in RPMI
1640 supplemented with 10% fetal calf serum (FCS) and penicillin/ RESULTS
streptomycin (Sigma) (R10).

SICr-release assays Identification of a possible CTL epitope in mClI

EL4 cells, a tumour cell line that express H-2&nd K° molecules,  Six protein fragments of eight or nine amino acids bearing H22 D
were labelled witl?*Cr (Amersham) in the presence, or absence, ofor K°-binding motifs were identified in the primary protein
synthetic peptides (2Bg/ml) for 1 h. After washes, these cells sequence of murine prei(ll) (Table 1). These peptides were
(10" cells) were incubated together with the T cell cultures synthesized and tested for ability to bind to H-2 Bnd K°
(effectors) in a total of 20Ql of R10 in 96-well round-bottomed molecules in assembly assays using RMA-S cells. As shown in
plates (Nunc, Roskilde, Denmark) for 4 h. Supernatant(B@vas Fig. 1a, peptides P201 and P206 appeared to be able to bind to H-2
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Fig. 1. Binding affinity of murine type Il collagen (mCll) peptides to H-2

Induction of mCll-specific CTIn vivo

RMA-S cells were treated with peptide P201 at@6or 18 h. A
portion of the treated cells were stained for H-2 &pression (as
shown in Fig. 1c) and the rest washed, irradiated (60 Gy) and
inoculated intraperitoneally into female B10 mice. Peptide P206
was also included as a negative control. Spleen cells from these
mice were harvested 3 weeks later and tested for lysis activity
against appropriate peptide-pulsed EL-4 cells. As demonstrated in
Fig. 2a, spleen cells from mice immunized with P201, but not
P206, showed significant specific CTL activity against P201-
treated EL4 cells. Chinese hamster ovary (CHO) cells transfected
with either H-2 I¥ or HLA-B27 gene [26] were pulsed with P201
and used as target cells MCr-release assays. Only H-2°D
expressing CHO cells were able to present P201 to these CTL (not
shown). Lysis of the target cells by mCll-specific CTL was
inhibited by MoAb against murine CD8, but not CD4 (not
shown), indicating that the killer cells were CDdnd CDS.

mClI-specific CTL do not cause arthritis in B10 mice

Three weeks after the first immunization with peptide-pulsed
RMA-S cells, groups of mice were boosted intraperitoneally with
the same preparations. The immunized mice were monitored for
frequencies of mCll-specific CTLp in the spleen and also regularly
observed for signs of polyarthritis. As shown in Fig. 2c, the
frequencies of P201-specific CTLp in mice immunized with
P201 maintained at no less than 1/5000 for at least 5 weeks after
booster immunization (Fig. 2c), but none of them developed
significant polyarthritis (not shown). Histological examination
was performed on joint sections from these mice, and no apparent
synovitis was observed (not shown).

DISCUSSION

Class | MHC molecule can present not only endogenously pro-
duced protein fragments but also exogenous peptides to specific
CTL [21,27]. The articular chondrocytes that express Cll are
buried in the cartilage and not normally accessible to T lympho-
cytes [28]. However, it may be possible for class | MHC molecules
expressed on synovial membrane cells to present degraded frag-
ments of Cll or other proteins in the joints and stimulate an
autoimmune CTL response [12]. A sustained CTL response in
the joints would cause local inflammation and ultimately arthritis.
Our results demonstrate that CTL specific for autologous ClI

DP and K° molecules. (a) Assembly assay to test the ability of syntheticcan existin vivo. This is in agreement with our earlier finding of

peptides to bind to H-2 Dand K molecules of RMA-S cells. Peptide
concentration in the lysate was 5. (b) Titration of peptides P201 and

B27-restricted CTL specific for human Cll in a patient with ReA
[12]. Interestingly, the collagen peptide (P109, amino acid

P206 in assembly assay using RMA-S cells. The binding affinity of P201 tosequence: SRFTYTALK) recognized by the human CTL is also
H-2 Dis at least 1000-fold higher than that between P206 and the -2 K g e C-propeptide region of the prak(ll) molecule [12].

molecules. (c) FACS analysis of RMA-S cells that had been treated WithChiocchia et al

either peptide P201 (dotted line) or P206 (solid line) a26rhe cells were

stained sequentially with MoAb B22 and FITC-conjugated goat anti-mouse
1gG. These cells were also stained with MoAb Y3; only background level of

staining was observed.

have recently made CD8cytotoxic T cell
hybridomas specific for mCll by fusing hybridoma cells with
splenocytes from C3H.Q (HY mice immunized with Cll in
adjuvant [29]. Vaccination with irradiated ClI-specific hybridoma
cells attenuated ClI/Freund’s complete adjuvant (FCA) arthritis in
(C3H.Q x AKR) F1 mice [29], implying that CTL could play an

D and H-2 K molecules, respectively. Titration of P201 and P206 important role in arthritis. However, their data did not show how
in subsequent assembly assays showed that P201 was a very strdhgse CTL were induceith vivo, normally immunization with ClI

binder to H-2 ¥ (definite binding at 10 m or less), whilst the
binding affinity between P206 and H-2Kvas at least 1000-fold
lower (Fig. 1b). When used to treat RMA-S cells {@6for 18 h),
P201 induced a four-fold increase of Bntigen expression on the
cells (Fig. 1c).

in FCA elicits CD4 helper T cell, rather than CTL, responses
[6,26,30]. Furthermore, it was not clear whether these putative
CTL would play a protective or pathological raie vivo.

Genetic make-up of animals and humans can determine their
susceptibility to autoimmune diseases [1,6,31,32]. In the mouse
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Fig. 2. Induction of murine type Il collagen (mCIl)-specific cytotoxic T lymphocytes (CTL) in B10 miRi&r-release assay using
splenocytes, from B10 mice immunized with P201- (a), or P206- (b) treated RMA-S cells, as effectors and EL-4 cells pulsed with either P201
or P204 as target cells. Spontaneous releas®ufby EL-4 cells was < 15%. (c) Limiting dilution analysis using splenocytes from B10 mice

5 weeks after the booster immunization with peptide-pulsed RMA-S. @dlis P201-specific CTLp frequency, estimated from the intercept of

the regression line at 37% negative wells, was 1/2500, whilst that for P206 was less tharD1/2201;®, P206.

model, some strains (e.g. H-2nd H-2 haplotypes) of mice are may therefore be too low to attract P201-specific CTL to the

much more susceptible than others (e.g. HHaplotype) to
collagen-induced arthritis (CIA) [6]. Most previous studies on T

joints.

Taken together, the results of our successful induction of mClI-

cell-mediated arthritis have been carried out in susceptible strainspecific CTL in mice have opened up new prospects in investigat-
of mice or rats [6]. It is equally important, however, to understanding the role of autoimmune CTL in arthritis. The methodological
the mechanisms of natural resistance of resistant strains. Owpproach that we have described could be conveniently adapted to

results suggest that B10 mice are not tolerant to autologous Clithe study of other potential autoantigens.

Despite the strong anti-mClIl CTL responses induced by immuni-
zation with P201/RMA-S cells, however, the immunized B10 mice
did not develop significant polyarthritis or synovitis. Both CD4
and CD8 T lymphocytes are found in synovial fluid from healthy

(at least they should not be specifically excluded from the joints).
Why then did the potentially autoreactive CTL not cause immu-
nopathological reactionis vivo? The following possibilities may
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