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Objectives: To identify the immunodominant T cell epitopes of the topoisomerase I protein in patients with
systemic sclerosis (SSc) and control subjects, using computational analysis software (TEPITOPE) and T cell
proliferation assays.
Methods: Six oligopeptides, predicted by TEPITOPE software as potential topoisomerase protein epitopes,
were used to perform T cell proliferation assays in 21 patients with SSc and 15 healthy controls.
Results: A positive response to at least one of the peptides was seen in 10/21 patients and 7/15 healthy
controls. Among responders, the proliferative response was limited to a single peptide in 6/7 healthy
controls, whereas 5/10 patients responded to more than one peptide. In responding patients a significant
correlation was found between disease duration and number of peptides inducing a response (p = 0.007).
Conclusions: Several T cell epitopes of the topoisomerase I protein have been identified and evidence has
been found to suggest epitope spreading in patients with SSc.

S
ystemic sclerosis (SSc) is an autoimmune connective
tissue disease characterised by fibrosis of the skin and
internal organs. SSc-specific autoantibodies, present in

.70% of patients,1 are mostly mutually exclusive and are
known to be associated with the different subsets of the
disease.2 Anticentromere antibody is present in about 20–40%
of patients and is linked to limited lung disease, whereas
antitopoisomerase antibody (ATA), present in a similar
proportion of patients, is strongly associated with the
development of lung fibrosis.3 4 A high incidence of kidney
and cardiac disease is associated with the presence of
antibodies against RNA polymerase.3

Antitopoisomerase, the most studied of these antibodies, is
directed against DNA topoisomerase I, a 105 kDa nuclear
enzyme involved in relaxation of supercoiled DNA. Although
the pathogenetic role of these antibodies is not yet fully
understood, serum autoantibodies have been reported to
precede the development of overt clinical disease by several
years in some patients with SSc.5 6 Several lines of evidence,
though circumstantial at this time, suggest that the ATA
plays a part in disease progression and outcome. Henry et al
have shown that both ATA titres and the immunodominant
domains recognised by ATA are highly variable over the
course of the disease, suggesting continual antigen presenta-
tion and regulation of antibody response.7 The disappearance
of ATA during the course of the disease is reported to be
associated with milder pulmonary disease and improved
survival.8 Similarly, lower levels of ATA at presentation are
associated with a milder disease course.9 In addition, ATA
levels have been shown to correlate positively with skin score
and renal vascular resistance and negatively with pulmonary
vital capacity.9

T and B cell collaboration is needed for the production of
the autoantibody against topoisomerase I.10 ATA production
is an antigen driven process (as opposed to an intrinsic T or B
cell abnormality) requiring the presentation of the processed
antigen by an antigen presenting cell with major histocom-
patibility complex (MHC) restriction to the T cell, resulting in
proliferation and the induction of an antigen-specific
response.11 In this context, the identification of immuno-
dominant T cell epitopes of the protein is of particular

relevance. We and others have shown that HLA class II alleles
(DR11 and DR15) are associated with antibody status in
patients with SSc.3 11 In addition, using large recombinant
fragments of the protein, Kuwana et al have suggested that
the immunodominant T cell epitopes of the protein are
located between amino acids 276 and 386.12 In this study,
using computational analysis software (TEPITOPE) and T cell
proliferation assay to oligopeptides of topoisomerase I, we set
out to identify the dominant epitopes which play a part in T
cell activation.

PATIENTS AND METHODS
Patients
Twenty one patients with SSc and 15 healthy volunteers were
included in this study. All patients with SSc visited the
interstitial lung disease department of the Royal Brompton
Hospital and fulfilled the American Rheumatism Association
preliminary classification criteria for SSc.13 Clinical and
laboratory findings were collected for the patients with SSc,
including SSc disease classification (limited or diffuse),
autoantibody status, disease duration at the time of the
study (since the start of the first SSc symptoms other than
Raynaud’s phenomenon), and organ involvement (table 1).
The presence of ATA was assessed by counterimmunoelec-
trophoresis. Consecutive patients attending the clinic during
the study were enrolled in the study and controls were
healthy volunteers from the institution. Informed consent
was obtained from all subjects and the study was approved
by the ethics committee at the Royal Brompton Hospital.

Selection of peptides
The TEPITOPE software was used to predict potential HLA-
DR binding peptides of the human topoisomerase I protein,
as described elsewhere.14 We used a version of TEPITOPE
which incorporates 25 virtual matrices, covering most of the

Abbreviations: ATA, antitopoisomerase antibody; EAE, experimental
autoimmune encephalomyelitis; IL, interleukin; MHC, major
histocompatibility complex; PHA, phytohaemagglutinin; PLP, proteolipid
protein; SI, stimulation index; SSc, systemic sclerosis; TNFa, tumour
necrosis factor a; TT, tetanus toxoid
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human HLA class II peptide binding specificity. The predic-
tion threshold was set at 3% and we identified 10 peptide
sequences predicted to bind to the most common HLA-DR
alleles (DRB1*0101, DRB1*0301, DRB1*0401, DRB1*0701,
DRB1*0801, DRB1*1101, DRB1*1501). From these 10 pep-
tides, we selected five which encompass the area previously
described12 to include the immunodominant epitope of the
protein and/or which were predicted to bind with DRB1*11
alleles, known to be associated with ATA production. Because
two of these peptides (peptides 2 and 4) were adjacent to
each other, we also obtained an overlapping peptide (peptide
3). The six peptides used in the proliferation assays were
obtained from a commercial source (Chiron Technologies,
Heswall, UK) and are shown in table 2. All peptides were
.95% pure except for peptide 4 (.83%).

T cell proliferation assay
Peripheral blood (20 ml) was drawn from the participating
subjects into a heparin tube and peripheral blood mono-
nuclear cells were separated on Ficoll-Paque (Amersham
Pharmacia Biotech, Uppsala, Sweden). Isolated cells were
washed and resuspended in RPMI 1640 medium (Life
Technologies, Paisley, UK) supplemented with 5% vol/vol
AB serum (Sigma, Poole, Dorset), 2 mM L-glutamine, 100 IU/
ml penicillin, and 100 ml/ml streptomycin (Life Technologies)
and seeded out at 26105 cells/well in a final volume of 200 ml
in round bottomed, 96 well microtitre plates (Nunclon, UK).
All assays were performed at least in triplicate; the assays for

12 controls and 10 patients were done in sextuplicate.
Tetanus toxoid (TT) and phytohaemagglutinin (PHA) were
used at three different concentrations (TT, Evans Medical
Ltd, UK at 8 IU/ml, 0.8 IU/ml, and 0.08 IU/ml; PHA Life
Technologies at 1:10, 1:100, and 1:1000 dilution of the
product) as positive controls. Cultures were incubated for
7 days in a humidified 5% CO2 incubator at 37 C̊, then pulsed
for 16 hours with 5 mCi of [3H]thymidine per well
(Amersham Pharmacia Biotech, Little Chalfont, UK). The
cells were then harvested, and incorporation of tritiated
thymidine was measured by liquid scintillation counting.
Results were expressed as a stimulation index (SI: counts per
minute of antigen stimulated cultures divided by counts per
minute of cultures in medium only). An SI .2 was regarded
as a positive response.15

Cytokine assays
Six cytokines (interferon c, tumour necrosis factor a (TNFa),
interleukin (IL)2, IL4, IL5, IL10) were simultaneously
measured in the supernatant of cells stimulated with
peptides 3 and 5 in all patients and controls by cytometric
bead array, according to instructions provided by the
manufacturer (BD Biosciences, San Jose, California).
Peptide 5 and 3 were chosen, as the former induced a
response in both patients and controls and the latter only in
patients. Cytokine concentrations were determined from the
standard curves provided by the manufacturer. If a sample
had a cytokine concentration below the detection limit for
the assay, a value of 0 was assigned.

HLA typing
Genomic DNA was extracted from peripheral blood lympho-
cytes by a modified version of the salting out method.16 HLA
class II genotyping was carried out by polymerase chain
reaction with sequence specific primers. HLA-DRB1, HLA-
DRB3, HLA-DRB4, HLA-DRB5, and HLA-DQB1 were typed
using the phototype method previously described.17 HLA-
DPB1 typing was carried out using a modified version of our
96-reaction method for comprehensive HLA-DPB and HLA-
DPA typing, as previously described.2 The only alleles which
cannot be distinguished by this method are HLA-DPB1*0801
and HLA-DPB1*1601, which differ at a single amino acid

Table 1 Demographic features in patients with SSc with disease subtype (diffuse (D) or limited (L)), presence of specific
antibodies, and organ involvement

Patients
Age
(years) Sex

Duration of
disease (years)

Disease
subtype

Peptides inducing
proliferation

Specific
antibodies

Organ involvement*

Lung fibrosis Other organs

1 64 M 4 D None ARA Yes Muscle
2 51 F 4 D None ATA Yes
3 34 F 9 L None ATA Yes
4 43 F 18 L 3, 4, 5, 6 Th-RNP No Kidney
5 62 M 10 L 3, 4, 5 ATA Yes Bowel
6 60 F 8 L None ATA Yes
7 54 F 9 L 5 ATA Yes
8 50 F 5 L None ATA Yes
9 33 F 19 L None ND Yes
10 66 F 5 L 5 ND Yes
11 57 F 16 D 3, 4 APA Yes Muscle
12 57 F 17 L 3, 5, 6 ACA No
13 53 M 15 D 5 ATA Yes Muscle
14 63 F 22 L None ARA Yes
15 63 F 3 D 5 ND Yes Bowel
16 56 F 15 L None APA Yes Heart
17 55 F 15 L 2, 3, 4, 6 ND Yes
18 43 F 4 L None ND Yes Kidney
19 49 F 3 L None ND Yes
20 55 F 2 L 5 ATA Yes
21 55 F 6 L None ND No Bowel

*All patients had skin and oesophageal involvement.
ARA, anti-RNA polymerase; ATA, antitopoisomerase I; Th-RNP, antiribonucleic protein; ACA, anticentromere antibody; APA, anti-PM-Scl-70; ND, none detected.

Table 2 Topoisomerase I peptides used in the study and
their amino acid positions

Peptide
number Amino acid sequence

Amino acid
position

1 SQIEADFRLNDSHKHKD 10–26
2 HPKMGMLKRRIMPED 367–381
3 LKRRIMPEDIIINCS 373–387
4 PEDIIINCSKDAKVP 379–393
5 AKVFRTYNASITLQQQL 586–602
6 EKSMMNLQTKIDAKKE 641–656

T cell epitopes of topoisomerase I 983

www.annrheumdis.com

http://ard.bmj.com


residue. For the purposes of this paper, these have been
considered together.

Statistics
Frequency comparisons between two groups were made
using x2 statistics, or, where appropriate, Fisher’s exact test.
Spearman’s rank correlation test was used to evaluate the
correlation between the duration of disease and the number
of peptides inducing a proliferative response, as well as the
correlation between supernatant cytokines and cell prolifera-
tion measures. A Wilcoxon rank sum test was used for the
comparison of supernatant cytokine levels between patients
and controls as well as between responders and non-
responders.

RESULTS
HLA class II alleles in patients with SSc and healthy
donors
Tables 3 and 4 list the HLA-DR, DP, and DQ alleles of the
patients with SSc and healthy donors, respectively. No
differences in the distribution of the HLA alleles between
patients with SSc and controls were found except for a slight
overrepresentation of DPB1*0401 in patients compared with

controls (13/21 v 4/15, p=0.035). In particular, 13/21
patients had either HLA-DR11 or 15 in comparison with
9/15 controls (p=NS). However, all eight patients with ATA
had either DR11 or 15 in comparison with 5/13 ATA negative
patients with SSc (Fisher’s exact test, p=0.006).

T cell proliferation
Table 5 shows the proliferative responses of peripheral blood
mononuclear cells cultured for 7 days with the peptides. All
patients and controls responded to TT and PHA. A positive
proliferative response to at least one of the peptides was seen
in 10/21 patients and 7/15 healthy controls. In six of the
healthy controls, the response was limited to a single peptide.
Only one healthy control had a proliferative response to two
of the six tested peptides. Half of the responding patients had
proliferation to more than one peptide. There was no
statistically significant difference between the patients and
controls (Fisher’s exact test) for responders versus non-
responders or for the number of subjects responding to a
single peptide.
The peptides differed in their ability to induce a prolif-

erative response. Figure 1 shows the change in the number of
counts per minute in responders and non-responders. As

Table 3 HLA class II alleles and peptides inducing proliferation in patients with SSc

Patients

Peptides
inducing
proliferation DRB1 alleles DR alleles DQ alleles DP alleles

Organ involvement

Lung Other

1 None 4 11 53 52 0301–4 0301–4 301 301 Yes Muscle
2 None 1 11 1 52 5 0301–4 201 402 Yes
3 None 15 1001 51 1 6 5 301 401 Yes
4 3, 4, 5 ,6 11 4 52 53 0301–4 0301–4 401 401 No Kidney
5 3, 4, 5 15 9 51 53 6 3032 401 1301 Yes Bowel
6 None 15 7 51 53 6 3032 401 1301 Yes
7 5 11 7 52 53 0301–4 0301–4 301 401 Yes
8 None 15 15 51 51 6 6 201 1801 Yes
9 None 3 14 2 5 401 401 Yes

10 5 1 8 1 8 5 4 401 401 Yes
11 3, 4 3 13 52 52 201 6 401 1301 Yes Muscle
12 3, 5, 6 4 1 53 1 0301–4 5 301 301 No
13 5 15 4 51 53 6 0301–4 401 401 Yes Muscle
14 None 15 3 51 52 6 2 101 1001 Yes
15 5 1 7 1 53 5 2 101 402 Yes Bowel
16 None 13 3 52 52 6 2 402 501 Yes Heart
17 2, 3, 4, 6 15 4 51 53 6 0301–4 401 801/1601 Yes
18 None 15 3 51 52 6 2 201 401 Yes Kidney
19 None 3 13 52 52 2 6 301 401 Yes
20 5 15 7 51 53 6 2 401 1101 Yes
21 None 8 1001 8 1 4 5 301 901 No Bowel

Table 4 HLA class II alleles and peptides inducing proliferation in healthy controls

Controls
Age
(years) Sex

Peptides
inducing
proliferation DRB1alleles DR alleles DQ alleles DP alleles

1 27 M None 15 13 51 52 6 0301–4 901 1701
2 32 M None 7 11 53 52 2 0301–4 1401 1701
3 25 M None 15 7 51 53 6 2 1101 1101
4 31 F None 11 3 52 52 0301–4 2 401 801/1601
5 26 F None 3 11 52 52 2 0301–4 201 201
6 33 F None 3 11 52 52 2 0301–4 201 1001
7 35 F 5 4 13 53 52 0301–4 6 301 301
8 36 F 5 8 9 8 53 0302 3032 501 801/1601
9 35 M 5 3 15 52 51 2 6 402 1401
10 35 M 4 13 11 52 52 6 0301–4 201 1001
11 32 F 5 9 3 53 52 3032 2 501 501
12 32 F 2, 5 11 11 52 52 0301–4 0301–4 401 402
13 37 M None 3 16 52 51 2 5 201 402
14 24 F 5 4 13 53 52 0301–4 6 201 401
15 39 F None 14 1 52 1 5 5 101 401
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seen in the figure none of the patients or controls responded
to peptide 1. In contrast, among responders, peptide 5 was
highly antigenic, inducing a proliferative response in 6/7
controls and in 8/10 patients with SSc. Peptides 3 and 6 were
highly specific for patients, with none of the controls having
a proliferative response; the difference was significant for
peptide 3 (p=0.05). Also, in the whole group, there was a
significant difference in the mean SI between patients and
controls for peptide 3 (p=0.02) and a trend for peptide 6
(p=0.055) as shown in table 5.
To assess cytokine production in response to topoisomerase

peptides, we evaluated the levels of six cytokines (interferon
c, TNFa, IL2, IL4, IL5, and IL10) in the supernatant of cells
stimulated with peptides 3 and 5. Moderately higher levels of
IL4 were seen in responders to peptide 3 than in non-
responders, with a p value bordering on significance (median
values 5.6 v 2.6, p=0.067). However, most samples were
characterised by low levels of this cytokine. No significant
differences were seen for the other cytokines between
responders and non-responders. Interestingly, IL5 levels in
response to both peptides 3 and 5 were lower in patients with
SSc than in controls (p,0.005 for both comparisons),

whereas other cytokines were similar between the two
groups. As expected, a significant correlation was seen
between IL2 supernatant levels and cell proliferation (cpm),
both in the samples treated with peptide 3 and peptide 5
(Spearman’s rs= 0.67 and 0.69, respectively, p,0.00001).

We also analysed the HLA-DR, DP, and DQ alleles of the
responders and non-responders in both controls and patients.
We found no significant correlation between any of the HLA
alleles and response to the peptides. Subjects with HLA-
DRB1*03 were likely to be non-responders (9/12 v 10/24
non-responders in subjects with and without DRB1*03,
respectively), though this did not reach significance
(Fisher’s exact test p=0.06). We did not observe the
previously reported association between T cell proliferation
to topoisomerase I and homozygosity to the amino acid
tyrosine at position 30 of the HLA-DQB1 allele.18

The predictive ability of the TEPITOPE program was also
studied. Ninety per cent of the proliferation responses in the
experiment were predicted by TEPITOPE.

Clinical features and response to peptides
The relationship between response to peptides and clinical
findings was analysed. Eight of the 21 patients were positive
for ATA antibodies. The presence of ATA, as well as the type
of disease, limited or diffuse, was not related to response to
peptides in the patient group.
In patients who responded, the relationship between the

duration of the disease and the number of peptides inducing
proliferation was investigated. We found a significant
correlation (rs= 0.74, p=0.007) between disease duration
and the number of peptides (fig 2). This was not a function of
age, as no correlation was seen between the number of
peptides and the age of the patients (rs=20.22, p=0.27).
Similarly, there was no correlation between sex and
proliferative response either in patients or controls or both
groups combined (Fisher’s exact test, patients p=0.59,

Table 5 Comparison of mean (SD) stimulation index and percentage of responders for
each of the peptides in patients and controls

Peptide

Patients Controls

SI Responders (%) SI Responders (%)

1 1.17 (0.41) 0 1.10 (0.38) 0
2 1.20 (0.47) 4.8 1.06 (0.47) 6.7
3 1.45 (0.68)* 23.8` 0.98 (0.36) 0
4 1.44 (0.70) 19 1.19 (0.39) 6.7
5 1.81 (0.66) 38.1 2.31 (1.79) 40
6 1.45 (0.67)� 14.3 1.06 (0.45) 0

SI, stimulation index; SD, standard deviation
*p= 0.02; �p= 0.055; `p =0.05, patients v controls.

Figure 1 Dot histogram showing the average change in the number of
counts per minute (Dcpm) for the proliferation assays to each of the
peptides in controls (A) and patients with SSc (B). Filled circles show
reactions with an SI .2.

Figure 2 Significant correlation between disease duration and number
of peptides inducing proliferation in patients with SSc.
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controls p=0.61). Interestingly, there was no difference in
the duration of disease between responders and non-
responders.

DISCUSSION
The identification of the T cell epitopes of the 765 amino acid
long topoisomerase I protein by conventional methods is a
laborious process, which involves obtaining short overlapping
oligopeptides of the complete protein. We therefore used a
computer designed algorithm, the TEPITOPE program, to
simplify the identification of specific HLA restricted T cell
epitopes. The program predicts the potential of a peptide to
bind to a particular MHC molecule using MHC-peptide
binding and structural data.14 The number of potential
peptides can be significantly reduced by this method. The
program depends on the affinity of the peptides but cannot
predict processing, proteolysis, or availability of the peptide
on the cell surface. Thus, several of the peptides predicted to
bind to a particular HLA allele did not induce a proliferation
response, whereas nearly 90% of the proliferation responses
observed were predicted by the program. Kwok et al
compared the predictive ability of the TEPITOPE program
with tetramer guided epitope mapping and found similar
results.19 In this study we identified a number of T cell
epitopes of the topoisomerase protein; however, these may
represent only part of the T cell repertoire that exists in vivo.
The differences in epitope response found in patients with

SSc compared with controls might have been affected by
differences in age and sex distribution between the two
groups. However, we did not observe an increasing number of
responses to peptides with older age, as would be expected if
age were a significant factor. Indeed, an association in the
opposite direction (albeit not significant) was found.
Similarly, there was no difference (significant or marginal)
in the sex of responders in controls or patients or both groups
combined, indicating that demographic factors did not
confound the observed associations.
Among patients with SSc, there was no difference in the

duration of disease between responders and non-responders.
This finding may reflect a fundamental distinction between
the initiation and progression of a pathogenetic process. T cell
autoreactivity to topoisomerase I occurs in a subgroup of
patients with SSc, perhaps influenced by genetic factors. Our
observation of epitope spreading applies to this subgroup. The
fact that non-responsive patients do not have a shorter
duration of disease is in keeping with a dichotomy between
initiation and progression. Thus it can be argued that for T
cell responses to topoisomerase, two immunological subsets
of patients with SSc exist: the first develops a proliferative
response to topoisomerase, and goes on to manifest epitope
spreading, the second never develops a response, irrespective
of the duration of the disease.
The findings of proliferative responses to peptides in

healthy subjects, as well as the absence of a relationship
between ATA and proliferative responses in patients with
SSc, are not unexpected. These observations are in keeping
with the previously reported finding of proliferative responses
to topoisomerase I fragments in patients with SSc with and
without ATA as well as in healthy controls.20 Indeed, in
monozygotic twins discordant for SSc and ATA, both twins
have been shown to have a proliferative response to
topoisomerase I with only the diseased twin producing ATA
in an in vitro B cell culture.21 Interestingly, some patients had
ATA but not a T cell response to the selected peptides. This
might be secondary to the disappearance of T cell responses
over time or after treatment, as shown in patients who have
received a kidney transplant,22 while memory B cells persist.
Production of antibodies by B cells can persist and outlast
specific memory T cells; mechanisms involved are likely to

include polyclonal stimuli, such as microbial products or non-
cognate (aspecific) T cell help.23 Alternatively, patients with
ATA but no proliferative response to the selected peptides
may be responsive to other epitopes present in the
topoisomerase protein, including those identified by the
TEPITOPE software but not selected for this study.
We found no clear association between the proliferative

responses to the peptides and the supernatant cytokine
profiles. Interestingly, we observed lower levels of the Th2-
type cytokine IL5 in patients than in controls, independent of
the response to topoisomerase peptides. Although several
studies suggest that scleroderma is predominantly a Th2
response disease,24 25 others have reported a significant shift
towards a Th1 response in SSc peripheral T cells.26 27 These
discrepancies may be secondary to a series of factors,
including differences in disease sites, T lymphocyte subsets,
methods, and timing of cytokine measurement, indicating
the need for further investigation in this area.
We found that peptide 3, the oligopeptide inducing a

proliferative response in 50% of SSc responders but in none of
the controls, lies in the area suggested by Kuwana et al
(amino acids 276-386) to contain an immunodominant
epitope.12 However, we did not find any significant associa-
tion between peptide induced proliferation and HLA alleles.
Kuwana and colleagues have previously shown that prolif-
eration to topoisomerase protein is restricted by the presence
of particular DR alleles; both in patients and in healthy
controls, the presence of HLA-DRB1*11, DRB1*15, or
DRB1*07 was related to T cell proliferation to the topo-
isomerase protein.20 The presence of a strong relationship
with HLA alleles described in Kuwana’s study and not in ours
is possibly related to the size of the antigen used. Compared
with its constituent oligopeptide components, large protein
fragments have been shown to elicit a substantially different
proliferative response.28 This may be a key factor in
explaining the discrepancy with our findings, as Kuwana
et al used six large soluble recombinant topoisomerase I
fusion proteins encompassing the entire topoisomerase I
sequence of 765 amino acids, compared with the short
oligopeptides used in this study.
Kuwana et al, using large topoisomerase I fragments,

showed that topoisomerase I-specific T cell clones both from
patients with SSc and from healthy controls have relatively
homogeneous epitope reactivity.12 By contrast, using oligo-
peptides, we have shown significant differences in epitope
reactivity between patients and controls. The reactivity to a
single peptide (peptide 5) by most of the subjects displaying a
proliferative response, whether patients or controls, suggests
that the presence of autoreactive T cells is a feature occurring
in the general population, possibly owing to failure in the
thymus of T cell down regulation to particular epitopes of
proteins, as described for other self antigens such as proteo-
lipid protein in SJL mice (proteolipid protein (PLP)139–151)
and humans (PLP40–60).

29 30

In this study we have shown that patients with SSc have
proliferative responses to a larger number of peptides
compared with controls. This observation, together with the
finding of a significant correlation between the number of
peptides inducing a response and the duration of the disease,
suggests epitope spreading. This phenomenon consists of the
diversification of the immune response from the initial
dominant epitope to other epitopes found on the same or
other proteins. Epitope spreading has a crucial role in several
autoimmune disease models, including experimental auto-
immune encephalomyelitis (EAE) and Theiler’s murine
encephalitogenic, virus induced demyelinating disease. The
induction of EAE by administration of any myelin protein
epitope other than PLP139–151 results at first in the appear-
ance of T cells specific for PLP139–151, followed by a
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hierarchical order of epitope spreading.31 32 In these models of
multiple sclerosis, the blocking of epitope spreading, either by
inducing tolerance to spread myelin epitopes or by blocking
costimulation of T cells, inhibits continuing clinical disease.33

In relapsing EAE, CTLA-4, a negative regulator of T cell
function, down regulates epitope spreading; moreover, CTLA-
4 blockade during acute disease prevents remission.34 35

Similarly, in non-obese diabetic mice, a well known auto-
immune diabetic mice model, induction of early tolerance to
glutamic acid decarboxylase blocks epitope spreading and
disease progression.36 The finding of epitope spreading and
the evidence for continual presentation of antigen during the
course of the disease in SSc7 indicates that identification of
the specific peptides inducing the immune response may be
an important step in the immunological management of the
disease. The unravelling of the immunological basis of SSc
will hopefully lead to the development of new and effective
immune modifying treatments to replace current conven-
tional treatments, which have limited success.
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