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Review
Psoriasis is strongly associated with streptococcal
throat infection, and patients have increased occurrence
of such infections. Psoriatic lesional T cells are oligoclo-
nal, and T cells recognizing determinants common to
streptococcal M-protein and keratin have been detected
in patients’ blood. We propose that CD8+ T cells in
psoriatic epidermis respond mainly to such determi-
nants, whereas CD4+ T cells in the dermis preferentially
recognize determinants on the streptococcal peptido-
glycan that might itself act as an adjuvant. The strepto-
coccal association might reflect the concurrence of
superantigen production promoting skin-homing of ton-
sil T cells, M-protein mimicking keratin determinants,
and adjuvant effects of the peptidoglycan. Accordingly,
improvement of psoriasis after tonsillectomy should be
associated with fewer T cells that recognize keratin and
streptococcal determinants.

Introduction
Psoriasis is a common inflammatory skin disease that can
be associated with arthritis. It tends to have a fluctuating
course that can sometimes be linked to environmental
factors. The disease has a strong genetic component, with
a 40–70 % concordance in identical twins [1,2]. Several
distinct but overlapping clinical phenotypes have been
identified, which might be genetically determined to a
large extent [1,3]. Psoriatic skin lesions are characterized
by a marked keratinocyte hyperproliferation and altered
differentiation associated with dermal and epidermal infil-
tration of leukocytes, and it is now generally accepted that
these pathological changes are triggered and maintained
by T lymphocytes [4,5]. As shown in Figure 1, the majority
of the T cells infiltrating the dermis are of the CD4 phe-
notype, whereas CD8+ T cells predominate in the lesional
epidermis [5,6]. Furthermore, the pathological epidermal
hyperplasia coincides with epidermal influx of a1b1 integ-
rin positive T cells and can be prevented by specific block-
ing [5]. In normal human skin basal keratinocytes express
keratins K5 and K14, and suprabasal keratinocytes
express mostly K1 and K10, whereas K6 and K16 are
expressed during wound healing and in psoriatic lesions,
and these keratins together with K17 predominate in
psoriatic skin [7]. The homology between M-protein and
keratins is mostly restricted to K14, K16 and K17. Inter-
estingly, expression of these psoriasis-associated keratins
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can be induced in vitro by addition of the pro-inflammatory
cytokines IL-1b [8] or IFN-g [9]. Recent studies indicate
that, in addition to Th1 cells, Th17 cells have an important
role in psoriasis [10], including IL-17-producing CD8+ T
cells [6], and that the keratinocyte hyperproliferation
might be driven by the Th17 cytokine IL-22 either directly
or indirectly [11]. IFN-g is a powerful inducer of the
chemokine CCL20, a ligand for C-C chemokine receptor-
6 (CCR6), which is expressed by T cells, including CD8+ T
cells that can produce IL-17 [6]. Thus, IFN-g might have a
triple role in psoriasis: first, by inducing andmaintaining a
putative K17-dependent autoimmune loop [9]; second, by
stimulatingmyeloid dendritic cells (DC) to induce T cells to
produce IL-17; and third, at the same time, stimulate
epidermal production of CCL20, which attracts the IL-
17-producing cells to the epidermis [6].

Recent reviews have mostly addressed the clinical,
genetic and cytokine aspects of psoriasis, and only one
[12] of the approximately 500 review articles that have
been published on psoriasis in the past three years has
focused on the fundamental question of whether psoriasis
is an autoimmune disease.

Others and we have recently reviewed the genetic and
pathogenic aspects of psoriasis [13–15]. Notably, over 60%
of psoriasis patients carry one or two class I HLA-Cw*0602
alleles compared with a population frequency of 10–15%,
and this HLA allele was recently strongly implicated as an
important susceptibility allele in psoriasis [16]. On the
basis of this and other pathogenic features of the disease,
we argued that CD8+ T cells are likely to be the ultimate
effector cells that recognize auto-epitopes presented by the
binding pockets of HLA-Cw6 or other HLA class I mol-
ecules on the keratinocyte surface. This pathogenic activity
is, of course, generated through a complex interplay be-
tween CD4+ and CD8+ T cells as well as antigen presenting
cells (APCs), including cross-presenting DCs [15]. Here, we
focus mainly on reports that have addressed the issue of T
cell specificity and the nature of the auto-antigen(s) in
psoriasis.

Psoriasis, streptococcal infections, and the palatine
tonsils
An association between streptococcal throat infection and
the acute guttate form of psoriasis (an early onset form) has
been demonstrated in many studies, and the reported
incidence of streptococcal infections preceding this type
of psoriasis ranges between 56% and 97% [reviewed in Ref.
6/$ – see front matter � 2009 Elsevier Ltd. All rights reserved. doi:10.1016/j.it.2009.07.008
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Figure 1. Sections of psoriatic skin lesions counterstained with haematoxylin/eosin for CD4+ and CD8+ T cells (brown). Note that the dermis is infiltrated mostly by CD4+ T

cells, whereas most of the CD8+ T cells are located in or around the epidermal ridges. The broken line indicates the border between the epidermis and dermis.
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17]. Furthermore, we demonstrated in a prospective study
that chronic plaque psoriasis is also exacerbated after such
infections and that the psoriasis patients had about a ten-
fold higher frequency of streptococcal throat infections
than age-matched household controls [18]. As has been
established for acute guttate psoriasis, worsening of
chronic psoriasis was associated only with throat infection
by the three groups of b-hemolytic streptococci (A, C andG)
that express M-protein on their surface [18]. M-protein, a
major virulence factor composed of two polypeptide chains
in a complexwith an alpha-helical coiled-coil configuration,
is anchored in the bacterial cell membrane. In contrast to a
very variable N-terminal part of the protein, the C-term-
inal membrane-anchored half is highly conserved in differ-
ent bacterial strains and serotypes. No association has
been found between psoriasis and particular M serotypes
[19].

Non-symptomatic carriage of streptococci in the tonsil
crypts is common and these bacteria are efficiently inter-
nalized by crypt macrophages and epithelial cells, where
they are protected from most commonly used antibiotics.
Streptococcal carriage might be associated with increased
incidence of symptomatic streptococcal throat infections
[20]. There are several reports of partial or complete
remission of psoriasis following tonsillectomy, but no con-
trolled prospective trial has been reported. As most psor-
iasis patients have a fluctuating disease activity and
spontaneous remissions are not uncommon, matched
patient controls are essential to determine whether ton-
sillectomy has any beneficial effect.

Reports on oligoclonality of lesional T cells in psoriasis
Since 1994, at least 14 studies reported by nine indepen-
dent groups have indicated that chronic psoriasis lesions
are infiltrated by oligoclonal T cells, and failure to identify
oligoclonal lesional T cells has been reported by only one
group that studied patients with the acute guttate form but
not chronic plaque psoriasis [21]. These studies, which are
summarized briefly in Table 1, involve over 70 patients,
including 27 with psoriatic arthritis, and collectively they
make a strong case for the notion that the T cells, which
mediate chronic psoriasis, are driven by conventional anti-
gen(s). Furthermore, follow-up studies have shown that
while minor clones tend to be transient, dominant clones
can persist for a long time and even re-appear in lesional
skin after drug-induced remission [23,24,29,34]. Moreover,
identical T cell clones have been detected in both skin and
synovial lesions in patients with psoriatic arthritis (PsA)
[31,32]. Notably, in the four studies where CD4+ and CD8+

T cells in the bloodwere analyzed separately, oligoclonality
was detected among the CD8+ but not the CD4+ T cells
[25,26,33,34].

A study reported by researchers who had previously
identified a number of CD4+ and CD8+ T cell clones in
synovial fluid from patients is of special interest [33]. They
argued that, as psoriasis usually relapses soon after treat-
ment with methotrexate is discontinued, T cell clones with
specificities that are relevant in the very early stages of the
inflammatory process should persist during the treatment
[34]. Interestingly, most of the expanded clones did not
persist and the T cell clones that could be detected during
the treatment (about 12% of the clones that were detected
in active tissue before the treatment with methotrexate)
were of the CD8+ T cell lineage, and were found in both
joint fluid and blood [34]. These findings highlight the well-
known phenomenon that the greatmajority of lymphocytes
that infiltrate active inflammatory sites are polyclonal, and
not specific for the antigen(s) that initiated the inflamma-
tory changes [reviewed in Ref. 35]. In autoimmune reac-
tions, some of these polyclonal T cells might, however,
recognize and proliferate clonally in response to new
auto-antigens exposed or activated by the inflammatory
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Table 1. Reports on oligoclonal T cells in psoriatic skin and joint lesions.

Ref. No.

patients

Tissues

studied

TCR-Vß

bias

Methods Oligoclonality Comments

CDR3

sequencing

Spectratyping

22 7 E Vß 3, 13.1 Yes No Yes (7/7) Study confined to lesional epidermal

T cells, oligoclonality of CD8+

T cells detected in blood

23 4 E Vß 3, 13.1 Yes No Yes (4/4) Same patients as in Ref. 22, clonal

persistence > 15 months

24 11 E & D Vß 2, 6 Yes No Yes (3/3) Clonal persistence for at least

18 months

25 5 E & D Vß 5.1, 12,16 No Yes Yes (4/4) Oligoclonality among CD8+

T cells in blood

26 10 E & D Inconsistent Yes Yes Yes (4/6) Early or expanding lesion,

T cell oligoclonality also in blood

27 6 E & D Vß 9, 20 Yes No Yes (6/6) Concordant identical twins

with identical lesional clones

28 10 E & D Inconsistent No Yes Yes (9/10) Identical clones identified in

symmetrical skin lesions

29 2 E & D Vß 2, 3, 6,

13, 17

Yes No Yes (2/2) Dominant clones persist,

non-dominant clones transient

30 5 E Inconsistent Yes Yes Yes (5/5) Oligoclonality restricted

to dominant clones

31 9 E, D, S Inconsistent Yes No Yes (9/9) Homologous clones in skin

and joint lesions

32 3 E, D, S Inconsistent Yes No Yes (3/3) Homologous clones in skin

lesions and synovial membrane

33 6 SF NR Yes Yes Yes (6/6) Oligoclonality more pronounced

in CD8+ T cells and identical CD8+

T cell clones identified in blood

34 9 S & SF NR Yes Yes Yes (9/9) Dominant CD8+ T cell clones observed

in synovial tissue and blood after

MTX-induced remission

38 3 E, D, T NR Yes Yes Yes (3/3) Homologous T cell clones in

tonsils and skin lesions

D, dermis; E, epidermis, MTX, methotrexate; NR, not recorded; S, synovial tissue; SF, synovial fluid; T, tonsillar tissue.
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process, a phenomenon called epitope or determinant
spreading [reviewed in Ref. 36]. It should be noted in this
context that minor transient T cell clones [30] are likely to
represent epitope spreading whereas dominant clones,
especially those that persisted during methotrexate treat-
ment [34], are more likely to be directed against the auto-
epitope(s) that initiated the autoimmune process. Thus,
targeting clones that are secondary to the inflammatory
process might explain, to some extent, why it has proved
difficult to treat autoimmune diseases in humans with
modified peptides, an approach that has consistently been
successful in animalmodels of experimental autoimmunity
induced with defined epitopes [reviewed in Ref. 37].

The most recent report on T cell oligoclonality in psor-
iasis indicates that T cell clones, which expand in the
palatine tonsils, might be involved in maintaining psor-
iatic lesions [38]. Thus, three patients with a history of
moderate to severe plaque psoriasis for 1.5, 6, and 10 years
all experienced at least 3 years remission after tonsillect-
omy. They all showed highly restricted T cell receptor
(TCR) Vb spectratypes of lesional T cells. Furthermore,
sequencing of the CDR3 segment of the TCR Vb-chain also
identified a number of identical clonal rearrangements
within the lesional skin of all three patients and, moreover,
several of these lesional clonotypes were detected among
the cutaneous lymphocyte antigen (CLA) positive T cells
within their tonsils. This and the remission of the patients
496
after the tonsillectomy strongly suggest an egress of patho-
genic T cells from the tonsils to the skin.

The consistent finding of oligoclonal T cells in psoriatic
lesions strongly indicates that chronic psoriasis is driven
by conventional antigen(s) but does not provide any infor-
mation about the identity or nature of the antigen(s).
However, it is now possible to identify T cell clones in
the blood with very sensitive functional assays that allow
the identification of individual T cells that respond to short
peptides by cytokine production (e.g. bymeans of ELISPOT
or flow cytometric detection of cytokine production) [39,40].
In this way we, and others, have tested a number of
psoriasis patients and non-psoriatic controls for T cell
activation in the presence of short (9–20 amino acid) pep-
tides with determinants that are shared by streptococcal
M-protein and human keratins.

T cells cross-reacting with human keratin and
streptococci can be detected in the blood of psoriasis
patients
An extensive homology between streptococcal M-protein
and keratin was first reported about 17 years ago, and this
applied to segments of identical amino acid sequences and
overall homology [41]. Of about 4200 mammalian proteins
that were compared, human type 1 keratins showed the
strongest homology with the streptococcal M6 protein. On
the basis of this and other findings, we proposed in 1995
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that psoriasis is initiated by streptococcal superantigens
and maintained by T cells that recognize streptococcal M-
protein determinants in the palatine tonsils and homolo-
gous keratin determinants in the skin [42]. Subsequently,
the frequency of T cells in the blood that were activated by
short homologous M and K peptides to produce IFN-g was
determined by the ELISPOT technique in two sets of
experiments involving a total of 31 patients with chronic
psoriasis, 6 patients with allergic dermatitis and 29
healthy controls [43,44]. The responses were strikingly
higher in the psoriasis patients than in the controls, while
no difference was observed in the responses to a control
antigen (streptokinase/streptodornase (sk/sd)). Notably, M
and K peptides that share an ALEEAN amino acid
sequence induced stronger and more consistent T cell
responses than any of the other peptides. Minimal
responses were detected when the patients’ T cells were
exposed to control K peptides that did not share sequences
with M-protein. Moreover, the responses to the homolo-
gous peptides could not be detected after only two weeks of
treatment with UVB irradiation, which drives epidermal T
cells into apoptosis, whereas the responses to the sk/sd
control antigen were unaffected by this treatment [43,44].

There is increasing evidence that CD8+ T cells have a
key role in the pathogenesis of some autoimmune diseases
[45,46], including psoriasis [5,6]. With this in mind and the
strong association of psoriasis with the HLA-Cw*0602
allele, we next split the amino acid sequence of K17 into
a complete set of overlapping nine residue peptides that
were then used as a library to compare with sequences of
the M-protein [47]. Sets of peptides from K17 and M-
protein that showed sequence similarities as well as motifs
predicted to bind to HLA-Cw6, were selected together with
four K17 and M peptides that did not share sequences or
had a poor predicted binding for HLA-Cw6. These peptides
were tested against blood lymphocytes from 12 HLA-Cw6
positive and 11 HLA-Cw6 negative patients with chronic
psoriasis and 11 healthy HLA-Cw6 positive individuals
with a family history of psoriasis. T cells from all the
psoriatic patients responded by production of IFN-g to
one or more (up to 10) of the K peptides, whereas the
controls either did not respond to any or showed only
borderline responses to 4 or fewer of these peptides. The
HLA-Cw6 negative psoriatic patients showed T cell
responses that were intermediate between those of the
HLA-Cw6 positive patients and the controls. Interestingly,
the responses were mostly confined to the CD8+ T cell
population. Moreover, the great majority (>90%) of the
responding cells expressed the skin homing CLA determi-
nant. The frequency of T cells responding to theM-peptides
was significantly higher in both groups of patients,
whereas the controls responded equally well to the control
antigens sk/sd andCandida albicans cellular proteins [47].
In another study of the potential contribution of CD4+ T
cells, the whole K17 molecule was scanned for sequences
predicted to be HLA DRB1*04, *07 restricted T cell epi-
topes [48]. These HLA class 2 alleles are significantly
associated with psoriasis, although not as strongly as
HLA-Cw6. T cells isolated from the blood of 52 HLA
DRB1*04 and/or *07 positive psoriasis patients and 48
matched controls were testedwith a number of overlapping
K17 peptides with motifs that were predicted to associate
with either or both of these HLA class 2 alleles. Two of the
peptides induced relatively strong proliferation and IFN-g
production by T cells from the patients, whereas T cells
from the non-psoriatic controls showed negligible
responses. Interestingly, one of these two peptides con-
tains the ALEEAN sequence that had been reported to
activate T cells from psoriasis patients [43,44,47]. The
other peptide had an amino acid sequence that had not
been reported to be recognized by psoriatic T cells.

More recently, it was reported that it was possible to
abolish the T cell proliferation and IFN-g production,
induced by these peptides, by single alanine residue sub-
stitutions at a critical TCR contact position [49]. Moreover,
these altered peptide ligands induced production of IL-4,
and the anti-inflammatory cytokines IL-10 and TGF-b and,
furthermore, supernatants from the T cell cultures inhib-
ited keratinocyte proliferation in vitro [49].

Does the streptococcal peptidoglycan have a role in
psoriasis?
It has been reported that T cell lines (TCLs) grown from
lesional dermis, and therefore consisting predominantly of
CD4+ T cells, do not respond by proliferation to recombi-
nant M-protein [50]. Moreover, cell wall components from
streptococci that did not express M-protein induced T cell
responses, in terms of IFN-g production, similar to cell wall
components that included M-protein, indicating that the
dermal CD4+ T cells showed little response to M-protein
determinants [50]. The response of the dermal TCLs to
different streptococcal cell wall components, including the
peptidoglycan (PG) was investigated further, and it was
estimated that at least half of the streptococcal cell wall-
specific T cells responded to PG. Interestingly, streptococ-
cal PG was detected within lesional dermal macrophages
that were within clusters of dermal T cells or in the dermal
papillae [51]. PG is known to interact with a number of
receptors of innate immunity [52,53], including Toll-like
receptor 2 (TLR2), nucleotide-binding oligomerization
domains 1 and 2 (NOD 1 and NOD 2) and the recently
identified family of PG recognition proteins 1–4 (PGRP 1–

4). Furthermore, the genes for TLR2, NOD1, NOD2 and
PGRP 2, 3, and 4 are all located in regions that have been
reported to show linkage with psoriasis [14], although
some of these loci remain to be confirmed. On the basis
of these findings and the location of the genes for the PG
binding proteins, it was proposed that PGmight be amajor
etiological agent in psoriasis, possibly because psoriasis
patients have an altered innate immune response to PG
[12]. This interesting proposal is consistent with, and
complements, our molecular mimicry model.

Psoriasis and three concurrent features of streptococcal
throat infections
A crucial issue in this context is that the TCLs were
cultured exclusively from lesional dermis but not the epi-
dermis [50,51], which was used for other experiments not
involving T cell responses to M-protein or PG [54]. There-
fore, the TCLs consisted mostly of CD4+ T cells [50,51] that
predominate in the lesional dermis. In contrast, the
lesional epidermis is infiltrated mostly by CD8+ T cells,
497



Figure 2. Psoriasis and three concurrent features of streptococcal throat infections. Step 1: Infection or colonization of tonsils by superantigen-producing microbes such as

Streptococcus spp. increases expression of skin-homing cutaneous lymphocyte-associated antigen (CLA) by tonsillar T cells. Steps 2 and 3: Streptococcal throat infections

or their persistence promotes maturation of both effector CD4+ (blue) and CD8+ (red) T cells that recognize streptococcal components, including PG (red) and M-protein

determinants (black). CD8+ T cells (but not CD4+ T cells) also express Toll-like receptor 2 on their surface (TLR2) (purple), which can bind PG. Macrophages and antigen-

presenting cells (APC) with internalized streptococcal components. Internalized PG might also provide adjuvant activity by binding to intracellular innate immune receptors

within APCs.
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which are required for the development of psoriatic lesions
[5]. As shown in Figure 2 and elaborated in Box 1, we
propose that APCs in the tonsils and draining lymph nodes
present various streptococcal determinants to T cells. At
the same time, CLA expression on the resultant effector T
cells might be enhanced by streptococcal superantigen [21]
Box 1. Proposed etiological and pathogenic sequence in psoriasi

1) Genetically determined abnormal innate immune response asso-

ciated with deviated T cell responses (e.g. IFN-g or IL-17 bias?)

against microbes containing PG (proposed in Ref. [12] and here)

2) Increased frequency of streptococcal throat infections in psoriasis

patients [18]

3) Infection and colonization of tonsils by superantigen-producing

microbes increases expression of the skin-homing cutaneous

lymphocyte antigen (CLA) by tonsil T cells [21] (Figure 2, step 1)

4) Streptococcal throat infections or their persistence promote

maturation of effector T cells that recognize streptococcal

components including PG and M-protein determinants [12] (and

proposed here, Figure 2, steps 2 and 3).

5) Association between streptococcal throat infections and psoriasis

is strong due to concurrence of superantigen production, PG that

binds to innate immune receptors (e.g. TLR2) and M-protein that

mimics type 1 keratins in the epidermis (proposed here, Figure 2

steps 1–3).

6) Some streptococcal components, including PG and M-protein,

enter the bloodstream where they are taken up by monocytes/

macrophages (proposed in Ref. 12 and here, Figure 3, step 1) NB

Macrophages are not found in efferent lymph nor have they been

observed to migrate from (lymphoid) tissues into the circulation.

7) Increased frequency in the blood of psoriasis patients of both

CD4+ and CD8+ T cells that respond to antigen determinants that
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(Figure 2, steps 1 and 3)) which facilitates their egress into
the skin. As most CD4+ T cells in psoriatic lesions localize
to the dermis, they associate with APCs that might be
presenting streptococcal components, including PG [51],
and some might therefore expand clonally in response to
antigen determinants on PG (Figure 3, steps 5 and 7).
s

are common to streptococcal M-protein and type 1 keratins

[43,44,47–49] (Figure 3, step 2).

8) Re-circulating CLA+ effector CD4+ T cells migrate mainly into

lesional dermis but CLA+ effector CD8+ T cells migrate mostly

through the dermis and into the epidermis [5,6] (Figure 3, steps 3

and 4).

9) Entry of CD8+ T cells is required for the characteristic keratinocyte

proliferation in psoriasis [5] (Figure 3 step 4).

10) Streptococcal components, including PG, are presented mainly in

the dermis and hence primarily to CD4+ T cells (Figure 3 step 5). K

peptides that share determinants with streptococcal M-protein

are predominantly presented in the epidermis and therefore

mainly to CD8+ T cells (proposed here, Figure 3, step 6).

11) Antigen presenting cells at the dermal–epidermal junction

present PG determinants to CD4+ T via HLA class II (Figure 3,

step 7), and present keratin determinants to CD8+ T cells via HLA

class I molecules (Figure 3, step 8). At the same time PG inside

antigen-presenting cells might mediate an adjuvant effect for

both CD4+ and CD8+ T cells via intracellular innate immune

receptors (proposed here, Figure 3, steps 7 and 8).

12) Recruitment of naı̈ve T cells to the tonsils and draining lymph nodes

is probably required for maintaining persistent psoriatic plaques.

There is a close correlation between the frequency of CLA+ T cells in

the blood of psoriasis patients and their disease severity [59].



Figure 3. Recruitment of T cells, macrophages, and/or antigen-presenting cells (APCs) into psoriatic lesions. Step 1: Some streptococcal components, including PG (red)

and M-protein (black), enter the bloodstream and are taken up by monocytes/macrophages that migrate as APCs into developing psoriatic lesions. Step 2: There is an

increased frequency in the blood of psoriasis patients of both CD4+ and CD8+ T cells, which respond to antigen determinants that are common to both streptococcal M-

protein and type 1 Ks. Step 3: Re-circulating CLA+ effector CD4+ T cells migrate mainly into the lesional dermis. Step 4: CLA+ effector CD8+ T cells migrate mostly through the

dermis and into the epidermis. Entry of CD8+ T cells into the epidermis is required for the characteristic keratinocyte proliferation of psoriasis. Step 5: Streptococcal

components, including PG, are presented mainly in the dermis and hence mostly to CD4+ T cells. Step 6: K peptides that cross-react with streptococcal M-protein

determinants are presented predominantly in the epidermis and therefore to CD8+ T cells. Step 7: APCs at the dermal–epidermal junction can present PG to CD4+ T cells via

HLA class II molecules. Step 8: The same junctional APCs present keratin determinants to CD8+ T cells via HLA class I. PG might also lower the activation threshold of CD8+ T

cells expressing TLR2 [55].
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Conversely, most CD8+ T cells migrate into the lesional
epidermis [5] where APCs would present predominantly K
peptides, some of which will share sequences with strep-
tococcal M-protein (Figure 3, step 6). It is therefore pos-
tulated that most of the oligoclonal T cells observed in
lesional epidermis [22] are specific for such cross-reactive
determinants that are presented by HLA class I molecules
on the surface of keratinocytes, and on DCs located in the
epidermis and at the dermis–epidermis junction (Figure 3,
step 8). A similar interaction might take place, to some
extent, in draining lymph nodes between both naı̈ve and
effector CD8+ T cells and DCs that have migrated to lymph
nodes from lesional epidermis. At the same time, PG inside
APCs in psoriatic lesions (Figure 3, steps 7 and 8), the
tonsils and lymph nodes draining lesional skin might have
an adjuvant effect via intracellular innate immune recep-
tors, and this effect might be different or exaggerated in
psoriasis patients [12]. Furthermore, it has been reported
recently that CD8+ T cells express TLR2 (a receptor for
PG), ligation of which lowers their TCR activation
threshold [55] (Figure 3, step 8). Thus, the key to the
strong association between psoriasis and streptococcal
throat infections might be the concurrence in the pathogen
of (a) components with adjuvant activity, (b) amino acid
sequences that mimic human keratin, and (c) the release of
streptococcal superantigens that have been reported to
promote the expression of the skin-homing CLA epitope
[21].

Recirculation of pathogenic T cells in psoriasis
A recent proposal has suggested that psoriasis lesions
might be initiated and maintained by T cells that reside
in the skin without the need for recruitment from the
circulating T cell pool [56]. This hypothesis is based mainly
on the observation that transplants of uninvolved (i.e. non-
psoriatic) skin from psoriasis patients onto SCID mice,
which are also deficient in type I and type II interferon
receptors (and therefore also with greatly impaired NK cell
function, AGR129mice) became lesional after 4 to 5 weeks,
and a marked proliferation of the human T cells in the
graft, especially the epidermal CD8+ T cells, was observed
during this latent period [57]. This is a challenging prop-
osition but thus far it has not been reported how long the
psoriatic lesions last in this animal model. It is well
documented that DCs have a very short half-life at inflam-
matory sites and, furthermore, that a substantial pro-
portion of effector T cells also become apoptotic during
an ongoing immunological response [reviewed in Ref. 58],
499



Box 2. Some testable predictions

1) Abnormal responses of tonsil T cells from psoriasis patients to

streptococcal components including PG and M-protein (under

investigation).

2) Raised serum levels of peptidoglycan and/or increased frequency

in the blood of psoriasis patients of monocytes/macrophages

that contain PG (under investigation).

3) Increased frequency of CLA+ T cells that respond to streptococcal

PG in the blood of psoriasis patients (as has been reported for

CLA+ T cells) that respond to homologous M-protein and keratin

peptides [47] (under investigation).

4) CD8+ T cells isolated from lesional epidermis should preferen-

tially respond to homologous M-protein and K peptides (under

investigation).

5) Psoriasis should improve after tonsillectomy and the improve-

ment should coincide with reduction in the blood of CLA+ T cells

that respond to streptococcal components and K determinants

(strongly suggestive data are available [60].
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making it likely that recruitment of central memory and
naı̈ve T cells is required for maintaining persistent T cell-
dependent inflammation. It is therefore unlikely that psor-
iatic plaqueswould persist for years without recruitment of
memory and naı̈ve T cells from the re-circulating pool.
Furthermore, a close correlation between the frequency
of CLA+ T cells (i.e. those homing to the skin) in the blood
and disease severity has been reported in psoriasis
patients [59]. It should be noted that the AGR129 mice
described above have no lymphoid cells (including func-
tional NK cells), and therefore it is possible that the
immunocytes in the transplanted human graft could have
a greatly extended survival in this context.

Concluding remarks
Studies published in recent years have been uniformly
consistent with the conceptual framework, outlined in
1995, that chronic psoriasis is an autoimmune disease
mediated by effector T cells that are primed against con-
ventional streptococcal antigens in the palatine tonsils and
subsequently cross-react to keratin determinants in the
skin [42]. Thus, T cells in the blood of psoriasis patients
recognize determinants that are shared by streptococcal
M-protein and human keratin, and these T cells disappear
during effective treatment of the disease. However, other
streptococcal components, such as PG, might be important
in the pathogenesis of psoriasis both as an adjuvant and an
antigen recognized directly by T cells in the tonsils, lesional
skin, and draining lymph nodes. Because CD8+ T cells
egress preferentially to the epidermis, they have the oppor-
tunity to recognize keratin determinants that are shared
with streptococcal M-protein and presented by epidermal
APCs. The great majority of the infiltrating CD4+ T cells
reside in the dermis, where they can recognize streptococ-
cal components, including PG, that are preferentially
presented there. In either case, an improvement of psor-
iasis after tonsillectomy should be associated with reduced
frequency of circulating T cells that recognize streptococcal
determinants because the palatine tonsils are the major
focus for streptococcal infections and carriage. We are
carrying out a controlled, prospective and observer
blind study on the clinical and immunological impact of
tonsillectomy in patients with chronic psoriasis (Box 2).
Removal of the tonsils has generally been associated with a
500
substantial clinical improvement coinciding with amarked
decrease in the frequency of cross-reactive keratin and
M-protein-specific CD8+ T cells in the blood, whereas
reduction in the frequency of corresponding cross-reactive
CD4+ T cells has not been consistent [60]. We conclude that
identification of antigen determinants that are recognized
by dominant T cell clones in psoriasis are of crucial import-
ance because they might be the appropriate prime targets
for highly specific immunotherapy.
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