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Peripheral blood T cell responses to keratin peptides that share sequences with
streptococcal M proteins are largely restricted to skin-homing CD8" T cells
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SUMMARY

The association of psoriasis with Streptococcus pyogenes throat infections suggests a potential antigenic
target for the T cells that are known to infiltrate psoriatic skin. Streptococcal M protein share an exten-
sive sequence homology with the human epidermal keratins. Keratin 17 (K17), while being mostly
absent from uninvolved skin, is up-regulated in psoriatic lesions. Consequentially, M-protein-primed T
cells may recognize up-regulated keratin epitopes via molecular mimicry. Using in vitro lymphocyte cul-
ture and cytokine flow cytometry we demonstrate that HLA-Cw*0602* psoriasis patients had significant
CDS8' T cell interferon (IFN)-yresponses to peptides from the K17 and M6 protein selected on the basis
of sequence homology and predicted HLA-Cw*0602 binding. These responses were about 10 times
more frequent in the skin-homing cutaneous lymphocyte-associated antigen-expressing (CLA ") subset
of CD8" T cells. CD4* T cells showed only borderline responses. CLA* CD8" T cells from Cw6* non-
psoriatic individuals responded to some M6 peptides but rarely to K17 peptides. Cw6~ psoriasis patients
showed a response that was intermediate between Cw6" patients and controls. These findings indicate
that psoriatic individuals have CD8" T cells that recognize keratin self-antigens and that epitopes shared
by streptococcal M proteins and human keratins may be targets for the CD8* T cells that infiltrate pso-

riatic skin lesions.
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INTRODUCTION

Psoriasis is a chronic inflammatory skin disease affecting all major
human populations with a maximal prevalence of 2-3% in north-
ern Europeans [1]. The disease is clinically characterized by per-
sistent, erythematous, indurated and scaly plaques, reflecting the
infiltration of inflammatory cells and increased proliferation of
keratinocytes. Compelling evidence has accumulated indicating
that psoriasis is a T cell-mediated disease [2], and a distinct pat-
tern of T cell localization is apparent in the dermal and epidermal
skin compartments, in that CD4* T cells predominate in the der-
mis, while most lesional epidermal T cells are CD8" [3,4]. These
epidermal CD8* T cells are likely to be effector cells although
they probably require help from the dermal CD4* T cells, which
may respond to different peptide antigens. The identities of the
antigens recognized by T cells infiltrating the dermis and epider-
mis of psoriatic skin remain to be determined. These epitopes,
however, are likely to be provided by the hyperproliferating kera-
tinocytes. The case for the involvement of CD8" T cells in the
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disease pathogenesis is strengthened by the observation that
about two-thirds of psoriatic individuals carry the HLA-Cw*0602
allele which is a strong candidate susceptibility allele [5], encoding
a protein (hereby referred to as Cw6) which may be integral to
psoriasis in these individuals due to its role in antigen presenta-
tion to CD8" T cells.

It is well established that infection by M-protein-positive f-
haemolytic streptococci can trigger the onset and exacerbation of
psoriasis [6,7]. M protein is a major antigenic determinant of
groups A, C and G streptococci [8,9] and its variable N-terminal
half defines more than 100 different serotypes. However, the abil-
ity of Streptococcus pyogenes to trigger psoriasis has not been
demonstrated to be serotype-specific [6], therefore the more con-
served C-terminal half, proximal to the bacterial cell wall, may
potentially contain T cell epitopes important in the pathogenesis
of psoriasis. Indeed, an increased peripheral blood mononuclear
cells (PBMC) response by psoriatic individuals to peptides from
the C-terminal portion of M protein has been demonstrated pre-
viously [10]. Thus, the M protein peptides selected for analysis in
this study were derived from the more conserved C-terminal por-
tion of the M protein.

Streptococcal M proteins share an extensive amino acid
sequence homology with Type I human epidermal keratins [11]
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and as a consequence of this, M-protein-primed T cells may
recognize keratin epitopes via molecular mimicry. The keratin
heterodimers K16/K6a and K17/K6b are mostly absent from
uninvolved skin, but their expression is up-regulated in psoriatic
lesions [12] and this abnormal keratin expression provides a
potential antigenic target for the cross-reactive T cells. Such a
scheme has been postulated, whereby psoriasis is mediated by T
cells which recognize epitopes that are common to streptococcal
M proteins and the keratins that are up-regulated in psoriatic
lesions [13]. Indeed, in psoriatic individuals there is an increase in
the frequency of interferon (IFN)-y-producing T cells specific for
keratin-derived peptides that share sequences with M proteins
[14].

The keratin peptides used herein are present in two coil-form-
ing regions of the K17 sequence. Such conserved regions of
coiled-coil proteins have previously been investigated for poten-
tial cross-reactivity and antigen mimicry, as the constraints
required for secondary structure formation lead to a high degree
of sequence similarity in the coiled-coil domains of these proteins.
Investigations into other diseases have attempted to exploit this
phenomenon, including both the identification of cross-reactive B
and T cell epitopes of streptococcal M protein [15]. In addition,
human T cell lines specific for M peptides cultured from patients
with rheumatic fever were shown to respond strongly to peptides
representing homologous regions from within the coiled-coil pro-
tein myosin from both cardiac and skeletal muscle [16]. It is inter-
esting in this context that K17, which is mostly absent from
normal epidermis, is present at a low level in normal hair follicles,
which fits well with the fact that the scalp is most commonly the
first site to be affected by psoriasis [17]. K17 is the only keratin
that is know to be up-regulated by IFN-y[18,19] and intradermal
injection of IFN-y can induce psoriatic lesions [20], thus IFN-yis
believed to play a key role in the pathogenesis of psoriasis [21,22].

Cytokine flow cytometry has previously been shown to be a
valuable tool in determining CD4" and CD8" T cell responses to
viral peptide epitopes in chronic infections such as cytomegalov-
irus [23] and human immunodeficiency virus [24]. Here this tech-
nique is applied to chronic plaque psoriasis and we demonstrate
peptide-specific responses by CD8" T cells, isolated from the
blood of psoriatic individuals, to short peptides derived from both
keratin 17 and streptococcal M6 protein sequences. Moreover, we
show that an increased frequency of T cells responding to keratin
peptides appeared to be largely restricted to the skin-homing,
cutaneous lymphocyte-associated antigen (CLA)-expressing sub-
population of CD8* T cells. In contrast, CD8" T cells from Cw6*
non-psoriatic individuals, having a family history of psoriasis, gen-
erally only responded to M6 derived peptides, and the CLA* sub-
set of CD8" T cells responded infrequently to keratin peptides
compared with psoriatic individuals. Moreover, CD8" T cells from
psoriasis patients who do not carry the HLA-Cw6 allele showed
significantly fewer responses to both keratin and M peptides.

MATERIALS AND METHODS

Study population

Twelve HLA-Cw*0602-positive patients (eight men, four women,
mean age 45-1 years) with moderate to severe ‘eruptive’ plaque
psoriasis were recruited to the study. In addition to chronic
plaques, the patients had diffusely distributed papular lesions that
have been referred to as eruptive lesions and such lesions are
mainly confined to Cw6" psoriatics [17]. These individuals differ

from those with standard plaque psoriasis because they have gut-
tate-like papules that are interspersed between the psoriatic
plaques. As a comparison group, 11 Cw6" healthy individuals hav-
ing a family history of psoriasis were included in the study (six
men, five women, mean age 46-6 years). In addition, 11 Cw6™ indi-
viduals with moderate to severe plaque psoriasis were recruited
(five men, six women, mean age 50-5 years). Individuals receiving
immunosuppressive treatment were excluded from the study.
Patients and controls had been typed previously for all known
HLA-C alleles using a Dynal HLA-C low-resolution typing kit
(Dynal Biotech Ltd, Merseyside, UK), a polymerase chain reac-
tion (PCR)-based method used as instructed by the manufacturer
[17]. The study was approved by the Ethical Committee of Land-
spitali University Hospital in Reykjavik.

Peptide antigens

To identify candidate epitopes, peptides of 9, 12 or 20 amino acids
in length with sequences derived from K17 were selected based
on sequence similarities with M6 protein from S. pyogenes and
predicted binding of HLA-Cw6. The amino acid sequence of K17
(NCBI accession number gi:1346342) was split into a complete set
of overlapping nine residue peptides that were then used as a
library to compare to the sequence of M6 (gi:80042) using the
FASTA algorithm [25]. The resulting sets of peptides from K17
and M6 showing sequence similarities were then scanned for
sequence motifs favourable for binding to HLA-Cw6 using the
BIMAS algorithm [26] and an in-house motif search using pub-
lished HLA-peptide binding data [27]. The candidate peptides,
and an additional four peptides from the sequences of K17 and
M6 protein that either did not have shared sequences or had poor
predicted binding to HLA-Cw6 for use as negative controls, were
synthesized as free acids and prepared to 95% purity (Peptron,
Daejeon, South Korea). Lyophilized peptides were resuspended
in dimethylsulphoxide (DMSO) at stock concentrations of 4 mM.
The final concentration of each peptide was 5 um/10° cells in all
experiments described.

Antigens

Streptococcal antigen was prepared from S. pyogenes serotype 12
as described previously [28] and used at a protein concentration
of 25 ug/ml. Candida albicans cellular antigen was obtained from
Greer Laboratories (Lenoir, NC, USA) and used at 40 ug/ml.
Streptokinase (200 U/ml) was from Hoechst Marion Roussel AB
(Stockholm, Sweden). Cell culture supernatant from a hybridoma
cell line (OKT-3) was used for anti-CD3 MoAb stimulation at a
dilution of 1/50, which had previously been determined as
suboptimal.

Intracellular staining

PBMC were isolated from the heparinized venous blood of pso-
riatic or control individuals by Ficoll (Sigma-Aldrich, St Louis,
MO, USA) density gradient sedimentation. Cells were then
washed twice in Hanks’ balanced salt solution (GIBCO, Invitrogen
Ltd, Paisley, UK) and resuspended in RPMI-1640 medium
(G1BCO) supplemented with 10% heat inactivated fetal calf serum
(FCS) (G1BCO), 100 U/ml penicillin (Sigma), and 100 ug/ml strep-
tomycin (Sigma). Co-stimulatory antibodies to CD28 and CD49d
(Serotec Scandinavia, Oslo, Norway) were added at a concentra-
tion of 1 pg/ml, which had been shown to be an optimal concen-
tration. After the addition of appropriately titred antigen, culture
tubes were incubated at a 5° slant at 37°C in a humidified 5% CO,
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atmosphere for a total of 8 h, with the last 6 h including 10 pg/ml
of the secretion inhibitor brefeldin A (Sigma). After incubation,
cells were prepared for intracellular staining for IFN-yas directed
(Becton-Dickinson, San Jose, CA, USA) using the following
monoclonal antibodies: anti-CD4 and CD8-PerCP-Cy5-5, CD69-
PE, IFN-yFITC and appropriate isotype controls (Becton-
Dickinson). Samples were analysed using a Becton-Dickinson
FACScan flow cytometer capturing a minimum of 30 000 events
gated on CD4 or CDS8" small lymphocytes. In all experiments,
responses were rated positive when a population of IFN-
7'CD69*CD4/8* events was observed to be greater than 0-05%
above background isotype control staining (IgG,," CD69*CD4/8").

The subpopulation of CD8" T cells expressing CLA were
examined for peptide specific responses as above, with the
exception that the cells were surface immunostained for CLA
(anti-CLA-FITC, Pharmingen, San Diego, CA, USA) and CDS8
(anti-CD8-PerCP-Cy5-5, Becton-Dickinson) before being fixed,
permeabilized and stained intracellularly for IFN-y (anti-IFN-y-
PE). In this case, 10 000 CLA*CDS8" lymphocytes were analysed
cytometrically from each culture.

Statistics

Data were tested for normality and statistical significance deter-
mined by unpaired f-test, performed with SigmaStat (SPSS,
Erkrath, Germany).

RESULTS

Peptides

Candidate peptides, selected on the basis of sequence similarities
and potential to bind HLA-Cwo6, are listed in Table 1. These are
clustered in two areas in the sequences of the K17 and M6 proteins,
which contain the sequence motifs ‘ALEEANxxL’ and ‘GLR-
RxLD’. These motifs occur in sequences forming coils 1 A ‘ALEE-
ANxxL’ and 1B ‘GLRRXLD’ of the rod section of keratin 17
(Fig. 1). In the M6 protein sequence, these motifs occur in a region

Keratin 17

1@ MTTCSRQFTS SSSMKGSCGI GGGIGAGSSR ISSVLAGASC PASTYGGASV
51 SSRFSSGGAC GLGGGYGGGF SSSSSFGSGF GGGYGGGLGA GFGGGLGAGE
RDHJ
151 YQRORPSEIK DYSPYFKTIE DLRNKITAAT IENAHALLQI DNARLAADDE

201[ RTKYEARTGL ROTVEADVNG LERVLDELTL .P.RI‘DL%IE GLKEELAYLR l

251 EKNHEEEMLAL RGQTGGDVNY EMDAAPGYVDL SRILNEMRDQ YEQMAEKNRR

—
"

101 GGGFAGGDGL Luﬁim NLRD

301 DAETWFLSKT EELNKEVASH SELVOSSRSE VTELRRVIQG LEIELQSQLR
351 MKASLENSLE ETKGRYCMQL SQIQGLIGSV EEQLAQLRCE MEQQSQEYQI
401 LLIVKTRLEQ EIATYRRLLE GEDAHLSSQQ ASGQSYSSRE VFTSSSSSSA

451 VRPGPSSEQS SSSF‘SQGQSS@

Table 1. Peptide sequences derived from keratin 17 and streptococcal

M6 protein
Group Peptide name Sequence
A 125K17-9 RLASYLDKV
128K17-20 SYLDKVRALEEANADLEVKI
128K17-9 SYLDKVRA
134K17-12 RALEEANADLEV
135K17-9 ALEEANADL
139K17-9 ANADLEVKI
B 217K17-9 DVNGLRRVL
220K17-9 GLRRVLDEL
221K17-20 LRRVLDELTLARTDLEMQIE
231K17-9 ARTDLEMOQI
238-K17-9 QIEGLKEEL
C 261M6-9 DIGALKQEL
282M6-9 SRKGLRRDL
324M6-9 SRQGLRRDL
327M6-9 GLRRDLDAS
384M6-9 EAKALKEQL
D 338M6-20 AKKQVEKALEEANSKLAALE
338M6-12 AKKQVEKALEEA
344M6-12 KALEEANSKLAA
345M6-9 ALEEANSKL
354M6-12 AALEKLNKELEE
355M6-9 ALEKLNKEL
E 127K17-9 ASYLDKVRA
130K17-9 LDKVRALEE
31K17-12 ISSVLAGASCPA
464M6-12 ALTVMATAGVAA

Peptide name indicates the start position in the protein sequence,
protein name and sequence length. Peptides are divided into five groups
corresponding to coils 1A and 1B of keratin 17 (groups A and B), repeats
and conserved sequence of M6 (groups C and D) and four peptides with
poor predicted binding to HLA-Cw6 (group E).

M6 Protein

1 ® MAKNNTNRHY SLRKLKKGTA SVAVALSVIG

[}

1 AGLVVNTNEV SARVFPRGTV ENPDKARELL NKYDVENSML QANNDKLTTE
B1 NHNLTDQNKN LTTENKHLTD QHENLTTENK NLTDQNKNLT TENKELKAEE
131 NRLTTENKGL TKKLSEREEE ARNKERENKE AIGTLKKTLD ETVKDKIAKE
181 QESKETIGTL KKTLDETVKD KIAKEQESKE TIGTLKKTLD ETVEDKIAKE
231 QESKETIGTL KKILDETVKD KIAREQKSKQ DIGALKOELM KKDEGNKVSE

281| ASRKGLRRDL DASREAKKQV EKDLANLTAE LDKVKEEKQI WJ

331 K OVEKALEERN SKLAALEKLN KELEESKKLT EKEKAELQAK

381 LEREARKALKE QLAKQAEELA KLRAGKASDS QTPDRKPGNK VVPGKGQAPQ

431 AGTKFPNONKA PMKETKRQLF STGETANFFF TAAALTVMAT AGVARVVERK

481 EEN @

Fig. 1. Peptides selected from keratin 17 and streptococcal M6 proteins. The shaded areas correspond to coils 1A (green) and 1B (blue)
of the keratin; the two directly repeated 27 amino acid segments (pink) and a 22 amino acid conserved sequence (yellow) towards the C
terminus of the M protein. Lines representing the selected peptides are colour-coded to indicate the predicted binding to HLA-Cw*0602
using the BIMAS algorithm: green, blue and red lines represent poor, intermediate and good binding predictions, respectively.
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that includes two directly repeated 27 amino acid segments and a
22 amino acid sequence highly conserved in M proteins, towards
the carboxyl terminus of the protein proximal to the bacterial cell
wall. These two repeated segments showed best homology to Type
I keratins. The ALEEANxxL’ motif was found in the sequences of
a number of M proteins (including M5, M6, M12, M24) and Type
I human epidermal keratins (9, 12, 13, 14, 15, 16, 17); however, it
was not found in Type Il keratins. The motif ‘GLRRxXLD’ is present
in M proteins (M5, M6, M12) and keratins 10, 12,13, 14,15,17 and
19. Interestingly, this motif is present in the M5 protein three times,
and twice in the sequences of M6 and M12 proteins.

T cell responses to complex antigens

When freshly isolated PBMCs from Cw6™ psoriatic and Cw6* con-
trol donors were stimulated for 8 h with Candida antigen, strep-
tokinase or the streptococcal extract, both CD4* and CD8* T cells
frequently responded to these stimuli (data not shown), with
CD4* T cells from psoriatic donors showing a significantly
increased (P < 0-05) IFN-yresponse to streptococcal extract com-
pared with the healthy controls.

CDS8" T cells dominated the responses to the peptide antigens
PBMC:s from Cw6" psoriatic and Cw6* control donors were stim-
ulated for 8 h with peptides derived from keratin 17 and strepto-
coccal M6 protein. The predominant responses observed were
from CD8* T cells with much weaker CD4" T cell responses
(Figs 2 and 3). For psoriatic individuals, CD8" T cell responses
were distributed throughout the range of keratin and M peptide
antigens with little suggestion that any one peptide dominated the
T cell response.

Cw6" controls were less responsive to keratin peptides than
Cw6" psoriatics

CDS8" T cells isolated from the psoriatic donors showed responses
to both keratin and M-protein-derived peptides (Fig.2). In con-
trast, CD8" T cells isolated from Cw6" healthy controls responded
to significantly fewer keratin-derived peptides compared to pso-
riatics (mean 1-3 versus 4-1, respectively, P =0-001) and when
responses to keratin-derived peptides were observed these were
always borderline, as shown in Fig. 3. This difference was also
seen in the number of M peptides to which the control and pso-
riatic CD8" T cells responded (mean 2-1 versus 4-0, respectively,
P =0-037).

Interestingly, one Cw6* patient who had finished ultraviolet B
(UVB) treatment a week before the T cell analysis showed no
responses to the peptide antigens while a vigorous response to
streptokinase, an antigen unlikely to be encountered in skin, was
demonstrated (data not shown). On a subsequent visit, 8 months
later, this patient gave substantial T cell responses to four of the
peptide antigens, a phenomenon that has been demonstrated pre-
viously [14,29].

The frequency of responding cells within the skin-homing
CLA*CDS8" T cell population was much higher than in the CD8*
T cell population at large.

As psoriasis is considered to be a T cell-mediated skin disease,
we next focused our analysis on the skin-homing, CLA* subpop-
ulation of CD8* T cells. Furthermore, the number of keratin and
M protein peptides used as test antigens was increased (all pep-
tides in groups A to E, Table 1). The responses of the CLA*CDS8*
T cells to the peptide antigens were far stronger than those of the
CDS8" T cell population at large, as shown in Fig. 4.

CDS*CLA" T cells from Cw6" controls responded more weakly
and not as frequently to keratin peptides compared with Cw6*
psoriatics

In concordance with results from the CD8* T cell population,
CLA'CD8" T cells from the Cw6* controls (Fig. 5) showed much
weaker and significantly less frequent responses to the keratin
peptides compared to Cw6" psoriatics (P < 0-001). Although Cw6*
controls responded to a number of keratin and M-protein-derived
peptides, their responses were generally much weaker and to
fewer keratin peptides (mean 63 versus 2-5, respectively,
P <0:001) and M peptides (mean 6:6 versus 3-9, respectively,
P =0-004) than was observed in the psoriatic patients. Of note are
the poor and infrequent responses seen when the negative control
peptides were used (Figs4 and 5, far right-hand pane in all
graphs). These peptides, listed in Table 1, group E, were designed
to bind poorly to HLA-Cw6 and gave very few responses from
both patients and controls.

Cwo6™ psoriatic individuals responded less frequently to keratin
and M peptides compared with Cw6* psoriatics

The HLA-Cw6™ psoriasis patients showed moderate CD8"CLA"*
T cell responses to the keratin and M peptides (Fig. 6); however,
these patients responded to significantly fewer peptides than did
the Cw6" psoriatics (Fig. 7), and this applied for both keratin pep-
tides (mean 6-3 versus 39, P = 0-024) and M peptides (mean 6-6
versus 3-4, P < 0-001). There was not a significant difference in the
number of peptides to which the Cw6™ psoriatics and Cw6* con-
trols responded, the frequency of responding cells was, however,
much greater for the Cw6™ psoriatics than Cw6* controls (Figs 5
and 6).

DISCUSSION

We have demonstrated previously that PBMCs isolated from
psoriatic individuals exhibit an increased frequency of IFN-y
producing T cells specific for keratin-derived peptides that share
sequences with M proteins [14]. By now selecting peptides that
are predicted to bind HLA-Cw6, we show that Cw6" psoriatic
individuals respond to both keratin- and M-protein-derived pep-
tides, whereas Cw6" healthy controls, with a family history of pso-
riasis, have less frequent and borderline responses, especially to
the keratin peptides. Furthermore, we show that Cw6" psoriatics
respond significantly more frequently than Cw6™ psoriatics.

We demonstrate that CD8* T cells dominated the responses to
the peptide antigens, and only a few and weak CD4" T cell
responses were recorded. This was unlikely to be due to the 2-h
incubation period being too brief to allow antigen uptake and pre-
sentation via class II MHC, as CD4* T cell responses to complex
antigens such as Candida antigen, streptococcal extract and strep-
tokinase were observed frequently. More probably, the CD4* T
cells showed poor responses because the peptide antigens were
selected for binding to HLA-Cw®6 both in terms of size and anchor
residues, and the class II HLA that are in linkage disequilibrium
with Cw6, e.g. HLA-DR?7 [30], are unlikely to efficiently present
these peptides.

Psoriasis is considered to be a T cell-mediated inflammatory
condition of the skin and the frequency of skin-homing,
CLACDS8" T cells in the blood of psoriasis patients correlates
closely with the severity of their disease [31]. In addition, an
increase in the number of CD8* T cells especially within the epi-
dermal compartment of the skin has been demonstrated during
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Fig. 2. Responses of CD4" and CD8" T cells isolated from HLA-Cw6" psoriatics. PBMCs were prepared from HLA-Cw*0602" individuals
with psoriasis. Following challenge with peptide antigens, PBMCs were stained for IFN-y, CD69 and CD4 or CDS8 and analysed flow
cytometrically capturing a minimum of 30 000 CD4"* or CD8" events. Six representative psoriatic patients are shown with CD4" and CD8*
T cell responses represented with open and shaded bars, respectively. Keratin peptides are to the left and M peptides to the right of each
graph. The horizontal line denotes the threshold of 0-05% over which responses were considered positive.

disease exacerbations [32]. Thus, we chose to focus our analysis on
the CLA'CD8" T cell population, which showed about 10 times
higher frequency of responding cells than was observed in the
CD8" T cell population at large. This heavy skew towards those
cells that have the potential to home to the skin suggests strongly
that the T cells have been primed to these peptides within
environments that induce skin-homing characteristics, such as
skin-draining lymph nodes and possibly the pharyngeal tonsils.

Furthermore, the observations that the responses to keratin pep-
tides were restricted largely to the skin-homing population of
CD8* T cells and that the majority of T cells in the epidermal com-
partment are CD8" [3,4,32] are consistent with these cells having
an effector role in psoriasis [2].

Cwo6" healthy volunteers were recruited as controls because
the majority of the peptide antigens used were selected based on
their likelihood to bind HLA-Cwo6, and selection of these Cw6*
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Fig. 3. Responses of CD4" and CD8" T cells isolated from HLA-Cw6" healthy controls. PBMCs were prepared from HLA-Cw*0602*
healthy controls. Following challenge with peptide antigens, PBMCs were stained for IFN-y, CD69 and CD4 or CDS8 and analysed flow
cytometrically capturing a minimum of 30 000 CD4" or CD8" events. Six representative healthy controls are shown with CD4" and CD8*
T cell responses represented with open and shaded bars, respectively. Keratin peptides are to the left and M peptides to the right of each
graph. The horizontal line denotes the threshold of 0-05% over which responses were considered positive.

non-psoriatic individuals who have at least one close relative with
psoriasis should highlight the aberrant T cell responses of the pso-
riatic individuals. It was not unexpected, however, that the
PBMC:s from the HLA-Cw6™ psoriatics responded to the keratin
and M peptides. Although these peptides were designed primarily
for favourable binding to Cwo6, they are not exclusively Cw6-
restricted and most probably have the ability to bind other HLA
class I molecules. Thus, the Cw6 psoriatics in this study

responded to both the keratin and M peptides, but only very
occasionally as strongly as, and less frequently than did the Cw6*
psoriatics.

It is interesting that the two peptide motifs examined here,
ALEEANxxL and GLRRXLD, exist in Type I keratins other than
K16 and K17. Keratins 12, 13, and 15 all contain at least one occur-
rence of both of these motifs and are not expressed in normal skin
(K13 and K15 are expressed in non-keratinizing epithelia and K12
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Fig. 4. Responses of CLA'CDS8" T cells isolated from HLA-Cw6" psoriatics. PBMCs were prepared from HLA-Cw*0602" individuals with
psoriasis. Following challenge with peptide antigens, PBMCs were stained for CLA, IFN-y, and CD8 and analysed flow cytometrically
capturing a minimum of 10 000 CLA*CDS8" events. Six representative psoriatic patients are shown. The vertical lines divide the peptides

into five groups, A to E, as in detailed Table 1.

expression is restricted to cornea [33]). These motifs in K12, K13
and K15 could also give rise to antigen-mimetic peptides; yet, the
tissues expressing these keratins do not exhibit psoriatic lesions.
The key feature of K16 and K17 may be their largely novel and
massive expression during keratinocyte hyperproliferation,
whereby large amounts of these epitopes are expressed on the sur-
face of keratinocytes that are then recognized by skin-homing
CD8* T cells. It is unknown how psoriasis is initiated, but we have

suggested [2] that dendritic cells carrying streptococcal antigens
could migrate from the tonsils to the skin, and they could prime
autoreactive CD8" T cells and induce the effector responses
against epitopes presented by keratinocytes. Interestingly, den-
dritic cells containing bacterial peptidoglycan have been detected
in nonlymphoid organs [34] and it has been demonstrated that
uninvolved skin of psoriatics is more susceptible to stimulation
with bacterial superantigen [35]. Moreover, cross-presentation by
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Fig. 5. Responses of CLA*CDS8" T cells isolated from HLA-Cw6" healthy controls. PBMCs were prepared from HLA-Cw*0602* healthy
controls. Following challenge with peptide antigens, PBMCs were stained for CLA, IFN-y, and CDS8 and analysed flow cytometrically
capturing a minimum of 10 000 CLA*CDS8" events. Six representative healthy controls are shown. The vertical lines divide the peptides

into five groups, A to E, as in detailed Table 1.

dendritic cells requires a large amount of antigens [36]; thus, the
combination of the amount of, and the location of, cross-reactive
epitopes may be critical for their recognition.

There was a marked variation in the pattern of responses to
the peptide antigens in the psoriatic individuals (Figs 2 and 4),
which suggests that different autoantigen(s) may dominate the
psoriatic response in different individuals. Both keratin 17 and

M6 protein can provide many possible T cell epitopes of which
one or a very few epitopes may dominate the CD8" T cell
responses. Indeed, using a similar methodology and HIV-1 serop-
ositive HLA-A2 individuals, it was demonstrated that different
individuals show immunodominant responses to different CD8* T
cell epitopes from the HIV Gag protein [24]. Subsequent to anti-
gen recognition via molecular mimicry, further epitopes may be
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Fig. 6. Responses of HLA-Cw6™ psoriatic individuals to keratin and M peptides. PBMCs were prepared from psoriatic individuals who do
not carry the HLA-Cw*0602 allele. Following challenge with peptide antigens, PBMCs were stained for CLA, IFN-y, and CD8 and analysed
flow cytometrically capturing a minimum of 10 000 CLA*CDS8" events. Six representative individuals are shown. The vertical lines divide
the peptides into five groups, A to E, as in detailed Table 1.

recognized from the keratin due to epitope spreading; hence, T
cells isolated from individuals with chronic psoriasis are unlikely
to respond to a single dominant peptide. The observation that
Cwo6" psoriatics responded to fewer peptide antigens than did the
Cwo6" psoriatics suggests that epitope spreading may be less evi-

dent in

the Cw6™ psoriatic disease. Additionally, some variability

was seen in the response of the same donor on different visits
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(data not shown), which may reflect fluctuations in the course of

psoriasis, in that the disease may periodically flare up and
improve spontaneously which may alter the number of, and spec-

ificity of, the T cells sampled from peripheral blood.

In conclusion, we show that individuals with psoriasis have
circulating CLA*CDS8" T cells that produce IFN-yin response to
keratin peptides. Our findings are consistent with the notion that
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Fig. 7. Responses of CD8"CLA" T cells from 12 HLA-Cw6" psoriatics, 11
Cw6™ psoriatics and 11 Cw6" healthy controls to (a) keratin peptides and
(b) M peptides. All peptide responses above the threshold of 0-05% of the
CD8"CLA" T cell population are summarized here. (a) HLA-Cw6" psori-
atic patients responded to significantly more keratin peptides than did
Cw6™ psoriatics (P = 0-024) or Cw6" healthy controls (P < 0-001) (b) Sim-
ilarly, Cw6* psoriatics showed more frequent responses to M peptides than
did Cw6™ psoriatics (P < 0-001) or controls (P = 0-004).

CD8" T cells with specificity for epitopes shared by M protein and
human keratin may play an important effector role in psoriasis by
targeting keratin peptides presented by HLA class I molecules on
keratinocytes.
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