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The etiology and pathogenesis of psoriasis – one of
the most common chronic, inflammatory, hyperpro-
liferative skin disorders of man – have long fasci-
nated dermatologists, pathologists and biologists
alike. Here, we have a model disease that offers to
study neuroectodermal-mesenchymal interactions in
the widest sense possible. Epithelial, endothelial, and
hematopoietic cells as well as neurons projecting into
the skin apparently all interact with each other to
generate the characteristic psoriatic lesion. For dec-
ades, the ongoing controversy on the molecular na-
ture, choreography and hierarchy of these complex
interactions e.g. between epidermal keratinocytes, T
cells, neurotrophils, endothelial cells and sensory
nerves has served as a driving force propelling inves-
tigative dermatology to ever new horizons. This de-
bate has not only been at the heart of our quest to
develop more effective forms of therapy for this soci-
ally crippling disease, but it also has profoundly in-
fluenced how we view the skin as a whole: the numer-

Viewpoint 1

Introduction – Statement of the Problem

Whether psoriasis represents a fundamental dis-
ease of skin, or the immune system, has been de-
bated for several years (1). To a casual observer,
the presence of psoriatic plaques that are clearly
visible to the naked eye would point to a primary
defect in skin. However, recent data from our lab-
oratory demonstrates a critically important pri-
mary pathogenic role for bone-marrow derived im-
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ous competing theories on the pathogenesis of pso-
riasis published so far also are reflections on the
evolution of mainstream thought in skin biology over
the last decades. These days, conventional wisdom –
infatuated with a T-cell-centered approach to in-
flammatory skin diseases – portrays psoriasis as an
autoimmune disease, where misguided T lymphocyte
activities cause secondary epithelial abnormalities.
And yet, as this CONTROVERSIES feature re-
minds us, some authoritative ‘‘pockets of academic
resistance’’ are still quite alive, and interpret pso-
riasis e.g. as a genetically determined, abnormal epi-
thelial response pattern to infectious and/or physico-
chemical skin insults. Weighing the corresponding
lines of argumentation is not only an intriguing, clin-
ically relevant intellectual exercise, but also serves
as a wonderful instrument for questioning our own
views of the skin universe and its patterns of devi-
ation from a state of homeostasis.

munocytes, rather than epidermal keratinocytes
(2). From my perspective, until the gene(s) that de-
termine the genetic basis for inheriting psoriasis
are identified, a few experimental results are worth
consideration.

Lessons From SCID Mouse Xenografts

Short of a definitive genetic solution to this con-
undrum in the field of psoriasis, a different ap-
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proach can be taken from an immunobiological
perspective (3). To try and establish cause-effect re-
lationships, an animal model was created to facili-
tate progress on this difficult dilemma. Basically,
either normal adult skin derived from an individ-
ual without any clinical evidence or family history
of psoriasis (NN skin), as well as symptomless skin
from a patient with psoriatic lesions elsewhere (PN
skin), can be engrafted without subsequent rejec-
tion onto SCID mice (4). This surgical maneuver
does not by itself trigger emergence of psoriatic
plaques (PP skin) on engrafted NN or PN skin
(ibid).

However, if peripheral blood-derived immuno-
cytes from a psoriatic patient are activated using
various stimuli such as bacterial superantigens, IL-
2, neuropeptides, etc., the injection of activated
lymphocytes into PN skin consistently induced a
phenotypic conversion of PN to PP skin and/or
maintenance of the psoriatic phenotype (2, 5–7).
This ability to instigate psoriatic plaques was not
possessed by all types of T cells. Rather, it appears
that CD4π T cells were embued with a pre-psori-
atic capacity, whereas CD8π T cells lacked such
activity (8). Moreover, only activated immunocytes
from psoriatic patients could promote plaque for-
mation, and not immunocytes from healthy indi-
viduals without psoriasis (2, 8).

Perhaps the most interesting question that was
examined following these aforementioned studies,
was whether even NN skin could be converted to
PN skin. This question gets at the heart of the
‘‘controversy’’. For example, if the keratinocyte
was the key culprit in psoriasis, then one would
predict that NN skin should not be able to be
converted to PP skin (9). One obvious experimen-
tal dilemma that arises as one considers this line
of inquiry is the possibility that injecting acti-
vated immunocytes from a psoriatic patient’s cir-
culation into NN skin, or activated immunocytes
from a healthy individual into PN skin, would
provoke a cutaneous graft versus host reaction
(GVHD).

Despite these reservations, such experiments
have actually been performed, and led to the dis-
covery of a novel type of immunocytes in psoriatic
lesions (10). When activated immunocytes from a
psoriatic patient were injected into NN skin (allo-
geneic mixture), rather than generating GVHD,
plaques were generated with the identical clinical,
histological and immunophenotypic characteristics
as seen in patients; as well as in engrafted PN skin
converted to PP skin by autologous immunocytes.
This surprising result forced a re-thinking of con-
ventional T-cell driven immune reactions and sug-
gested the possibility that pathogenic T cells in
psoriasis possessed surface receptors that could in-
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hibit allogeneic type reactions (11). The presence
of such inhibitory receptors was well known for
natural killer cells (KIRs), and thus a search was
initiated to determine if pathogenic T cells ex-
pressed KIRs.

Using well-characterized antibodies, it became
clear that many T cells in acute and chronic
psoriatic lesions contained a novel type of immu-
nocyte – i.e. NK-T cells (T cells that bear NK
receptors). This discovery led to a series of
studies that uncovered several different NKRs on
T cells in psoriasis, and a novel hypothesis that
linked the immunological and genetic pathways in
psoriasis (12, 13). Moreover, when it was ob-
served that even murine skin adjacent to en-
grafted normal human skin was susceptible to
phenotypic conversion to a state resembling pso-
riasis (10), this also led to the discovery of CD1d
expression by epidermal keratinocytes. Since cer-
tain NK-T cells are triggered by interaction with
CD1d, an important observation relevant to our
murine studies was the documented ability of
even murine CD1d to activate human NK-T cells
(14). In addition, we have observed that a human
NK-T cell line can trigger PN»PP conversion,
and that human NK-T cell clones are activated
by CD1d positive keratinocytes (15).

Besides observing that both allogeneic normal
human skin (NN skin), and even adjacent murine
skin (i.e. xenogenic skin) could be triggered to
simulate psoriatic plaques following injection of
pathogenic psoriatic blood derived immunocytes
(10), several other grafts have been studied (10).
To-date, in 3 of 6 different patient/skin combi-
nations in which blood derived immunocytes were
injected into engrafted NN skin, there was conver-
sion to psoriatic plaques. The three different
NN»PP phenotypic conversions are portrayed in
Fig. 1 (panels A–C). For comparison, an example
of NN skin that was not converted into PP skin
following injection of psoriatic blood-derived im-
munocytes is provided in Fig. 2 (lower left panel).
Finally, Fig. 2 demonstrates histological changes
present when activated immunocytes from a
healthy donor is injected into PN skin (lower right
panel). Note the failure of activated T cells from a
non-psoriatic individual to convert PN to PP skin
argues against a non-specific Koebner-type re-
sponse of engrafted PN skin.

While the ability of psoriatic immunocytes to
trigger NN»PP conversion strongly supports an
immunocyte-based rather than keratinocyte-based
genetic abnormality, there is still one caveat that
must be emphasized. Even though I was unable to
find evidence of psoriasis for the 3 normal, healthy
individuals that ended-up having their engrafted
NN skin converted to PP skin, it is possible they
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Figure 1. Clinical and histological appearance of either PN skin
(lesion A) or NN skin (lesion B) engrafted onto a SCID mouse
followed by injection with either phosphate-buffered saline,
PBS (inset), or peripheral blood derived immunocytes (3¿106

cells) from the psoriatic patient that donated PN skin. Note
that injection of the superantigen (SEB/SEC2) plus IL-2 acti-
vated psoriatic immunocytes induced scale formation and skin
thickening in the autologous PN graft (depicted as lesion A),
but also created similar clinical changes in an allogeneic setting
involving injection into the NN graft (depicted as lesion B).
Compared to the engrafted PN skin injected with PBS in which
there is orthokeratosis, intact granular cell layer and no
acanthosis, the histological appearance of the graft injected
with activated immunocytes reveals typical psoriatic changes
for both PN and NN skin. For both grafts, there was paraker-
atosis, loss of granular cell layer, elongation of rete pegs and
lymphocytes infiltrating the upper dermis and acanthotic epi-
dermis. No evidence of GVHD was apparent in this allogeneic
graft (lesion B; i.e. basal vacuolar degeneration or apoptotic
keratinocytes).

inherited psoriasis-predisposing genes that we are
unaware of at this moment. For one normal volun-
teer, an HLA-analysis was performed and she
lacked the HLA-Cw6 allele, an important marker
for psoriasis. Of course, since we do not precisely
know the specific identity of the psoriasis gene(s),
it is impossible to absolutely conclude that our
normal volunteers did not carry any disease-sus-
ceptibility loci. In any event, to the best of our abil-
ity by clinical examination, and review of the fam-
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ily histories, it appears that several normal healthy
skin samples, upon engraftment onto SCID mice,
can be converted to PP skin if injected by relevant
pathogenic activated immunocytes derived from
the circulation of a psoriatic patient. It should be
noted additional clinical observations support the
primary pathogenic role for bone-marrow derived
immunocytes in that psoriasis was either created
or cured by bone marrow transplants (16, 17).

Proposed Model Emphasizing Role of
Immunocytes in Creation of Psoriasis

Based on the aforementioned experimental results,
we can postulate several pathways by which immu-
nocytes become activated and create a cytokine
network that results in formation of psoriatic
plaques. Fig. 3 (upper panel) portrays a central
role for activated keratinocytes in which either T
cells become activated by bacterial superantigen-
derived peptides presented in the context of class
II MHC (left side), or when NK-T cells become
activated by glycolipids presented in the context of
CD1d (13). In either case, IFN-g is produced and
a Th-1 type cytokine network established that re-
sults in conversion of symptomless skin into a
psoriatic plaque. Besides keratinocytes, the pro-
fessional antigen present cell (mature activated
dendritic cell, DC), may also activate CD4π T
cells to produce a pathological cytokine network
(Fig. 3; lower panel) (18). Potentially important co-
stimulatory molecules involved in these T cell ac-
tivating reactions include; LFA-1: ICAM-1; Natu-
ral killer receptors (NKRs): class I MHC; CD161:
CD1d; and CD28: CD80.

Lessons From Transgenic Mice

Before closing, it is instructive to move from les-
sons learned from the SCID mouse – human skin
xenograft model, to briefly review a few obser-
vations that may be instructive for psoriasis-re-
lated pathologies. Perhaps the most relevant
studies to date, linking a systemic defect in the im-
mune system with widespread dermatitis in mice,
involves the transcription factor NF-kB. When one
of the five members of the NF-kB family is genetic-
ally deleted by an integrated transgene, the relBª/
ª mice develop multi-organ inflammatory infil-
trates including skin (19). The RelB-deficient mice
lack mature dendritic cells in the thymic medulla
necessary for deletion of autoreactive thymocytes
(20). The role of these autoreactive T cells in pro-
ducing multi-organ inflammation was defined
further, in which crossing RelB-deficient mice with
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Figure 2. Histological appearance of two different sets of NN
and PN grafts from separate individuals compared to Figure
1. Upper panels reveal that activated immunocytes from two
different psoriatic patients, when injected into different NN
skin grafts provoked psoriatic plaque formation. Note the pa-
rakeratosis, loss of granular cell layer, elongation of rete pegs
and lymphocyte infiltration of the epidermis without evidence
of GVHD. Lower left panel depicts the extent of histological
changes when NN skin is injected with autologous activated
immunocytes in which there is orthokeratosis, retention of
granular cell layer and mild acanthosis, with lymphocytes in
the upper dermis and lower-mid epidermis. Lower right panel
portrays engrafted PN skin injected with allogeneic activated
immunocytes from a healthy, non-psoriatic individual. Note the
intact epidermal compartment without any change to suggest
either psoriasis or GVHD, despite presence of lymphocytes in
the upper dermis.

Nur77/N10 transgenic mice that lack T cells,
blocked the development of the disease (21, 22). Of
particular relevance to the current topic, it has also
been recently shown that fibroblasts from relBª/
ª mice display markedly enhanced and persistent
cytokine release after activation, because of de-
creased IkBa stability (23). Thus, not only does
RelB-deficiency facilitate development of autoreac-
tive, pathogenic T cells in the circulation, but once
these cells enter skin, the same genetic defect could
promote an exaggerated and prolonged activation
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Figure 3. Proposed immunological models in which immuno-
cytes become locally activated in skin and create a pathological
cytokine network that converts symptomless skin (PN skin)
into a psoriatic plaque (PP skin). Upper panel highlights the
role of activated keratinocytes interacting with either conven-
tional T cells (left side) or the novel NK-T cell subset (right
side). The putative antigen for T-cells is a superantigen (SA)
like peptide (black circle), whereas the NK-T cells respond to
glycolipid-like molecules (GPL, black hexagon structures).
Lower panel features role of activated DCs in which CD4π T
cells become stimulated to release key primary cytokines such
as IFN-g.

state by endogenous cells such as keratinocytes or
fibroblasts; with the cytokine release leading to
greater recruitment of additional T cells, and es-
tablishment of a vicious cycle. By analogy, it is
possible to postulate a single genetic defect (i.e.
producing NF-kB dysfunction) that has a dual ef-
fect; on one hand leading to autoreactive T cells in
the circulation, and on the other hand triggering a
hyperresponsiveness on the part of the local cu-
taneous cell types (i.e. keratinocytes, fibroblasts,
etc). As several groups are now focusing on the
importance of NF-kB-mediated signaling by kera-
tinocytes in-vitro and in-vivo, rapid progress in this
area is likely to be forthcoming, and of potential
relevance to psoriasis (24–29).

Keratinocyte Response to Pathogenic Immunocytes

A final unresolved issue of fundamental import-
ance in psoriasis involves defining the essential
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cross-talk between immunocytes and keratinocytes
that leads to rapid formation of a plaque. Even
though current dogma indicates that psoriatic
lesions represent hyperplasia of keratinocytes, I be-
lieve this is only part of the story. From on-going
studies, it has become clear that there is a sen-
escence-switch that is triggered in suprabasal layer
keratinocytes within a psoriatic plaque (30). This
switch involves induction of the cyclin dependent
kinase inhibitor p16, which rather than facilitating
cell progression and mitosis, actually inhibits
further cell division. Thus, we postulate this sen-
escent state is responsible for earlier observations
that revealed that lesional keratinocytes were resis-
tant to apoptosis (31). Moreover, we have postu-
lated that the induction of p16 embues the plaque
with a strikingly effective resistance to transform-
ation (12, 13). Work is in progress to define the
relevant cytokines that contribute to this sen-
escence switch, and the role of NF-kB signaling
in defining the tumor suppressor pathway within
plaques.

Summary

In conclusion, based on the SCID-human skin
xenograft animal model results, and the clinical
bone marrow transplant cases, it appears that pso-
riasis is an immunocyte-mediated disease that
manifests itself in the skin. Attention is now being
directed at the NK-T cell subset of immunocytes
with particular focus on the relevant receptor:
ligand interaction that will explain the genetic
basis and pathophysiology of this common and
enigmatic inherited disorder. In addition, further
studies are also indicated to elucidate the molecu-
lar basis by which immunocytes can trigger the cre-
ation of plaques that resist apoptosis and trans-

Viewpoint 2

There is increasing evidence that bacterial infection
initiates and/or propagates psoriasis. On the one
hand, infection with Gram-positive bacteria such
as Staphylococcus aureus or Streptococcae has
been reported to exacerbate psoriasis (1). On the
other hand, psoriatic lesions show far less infec-
tions than one would have expected in the light of
an epidermal barrier defect and an increased sur-
face due to excessive stratum corneum production
(2).
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formation, and the signaling pathway involved in
such a phenotypic conversion.

Brian J. Nickoloff
Skin Cancer Res Program

Cardinal Bernardin Cancer Center
Loyola University Medical Center

Maywood, IL 60153, USA
e-mail: bnickol/luc.edn

References

1. Bos J D, DeRie M A. Immunol Today 1999: 20: 39–46.
2. Wrone-Smith T, Nickoloff B J. J Clin Invest 1996: 98: 1878–

1887.
3. Nickoloff B J. Cutis 2000: 65: 110–114.
4. Nickoloff B J et al. Am J Pathol 1995: 146: 580–588.
5. Boehncke W H et al. Nature 1996: 379: 777.
6. Gilhar A et al. J Invest Dermatol 1997: 109: 283–288.
7. Yamamoto T et al. J Dermatol Sci 1998: 17: 8–14.
8. Nickoloff B J, Wrone-Smith T. Am J Pathol 1999: 155: 145–

158.
9. Granstein R D. J Clin Invest 1996: 98: 1695–1696.

10. Nickoloff B J et al. Arch Dermatol 1999: 135: 546–552.
11. Nickoloff B J. Mol Medicine Today 1998: 4: 512–513.
12. Nickoloff B J. Arch Dermatol 1999: 135: 1104–1110.
13. Nickoloff B J. J Clin Invest 1999: 104: 1161–1164.
14. Brossay L et al. J Exp Med 1998: 188: 1521–1528.
15. Bonish B et al. J Invest Dermatol (abstract) 2000: 114–798.
16. Eedy D J et al. Br Med J 1990: 300: 908.
17. Jowitt S N, Yin J A. BJM 1990: 300: 1398–1399.
18. Nestle F O et al. J Clin Invest 1994: 94: 202–209.
19. Lo D et al. Am J Pathol 1992: 141: 1237–1246.
20. Burkly L et al. Nature 1995: 373: 531–536.
21. Weih F et al. Cell 1995: 80: 331–340.
22. Weih F et al. J Immunol 1996: 157: 3574–399.
23. Xia Y et al. Mol Cell Biol 1999: 19: 7688–7696.
24. Klement J F et al. Mol Cell Biol 1996: 16: 2341–2349.
25. Seitz C S et al. Proc Natl Acad Sci 1998: 95: 2307–2312.
26. Takeda K et al. Science 1999: 284: 313–316.
27. Hu Y et al. Science 1999: 284: 316–320.
28. Qin J-Z et al. J Biol Chem 1999: 274: 37957–37964.
29. Seitz C S et al. J Clin Invest 2000: 105: 253–260.
30. Wrone-Smith T et al. Am J Pathol 1997: 151: 1321–1329.
31. Nickoloff B J et al. J Invest Dermatol 2000: 114: 759 (ab-

stract).

Psoriasis histology also displays some character-
istics that can also be found, at least in part, in
microbial infection and/or wound healing: Apart
from altered keratinocyte growth and differen-
tiation, the active phase shows pronounced epider-
mal neutrophil accumulation, whereas T-lympho-
cytes predominate in chronic plaque psoriasis
lesions, mainly within the dermal compartment
(3).

In my opinion, the resistance to infections in the
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fully developed plaque is difficult to explain by
members of the cellular immune system, particu-
larly T cells and its relation towards the presence
of (super- or psoriasis-) antigens: If this were the
case, one would expect that immune cells, once
they had recognized the ‘‘psoriasis antigen’’ or ‘‘su-
perantigens’’, would recruit effector cells – here
neutrophils – into the epidermis to eliminate the
putative microorganisms. Interestingly, the in vivo
application of superantigens to tape-stripped skin
caused a mononuclear dermal and to a lesser ex-
tent also an epidermal cell infiltrate (4). More im-
portantly, however, no neutrophil infiltrate – as it
is known for active psoriasis and bacterial skin in-
fection as well – was seen (4).

Therefore it is hard to believe that superantigen-
dependent immune responses alone trigger the
fully developed inflammatory tissue reaction seen
in psoriasis.

I would like to suggest the following scenario:
initiation of an antimicrobial defense program
starts with recognition of microorganisms by kera-
tinocytes, and not immune cells. This is followed
by activation of keratinocytes (possibly by mi-
crobial compounds – not necessarily by antigens),
primarily in order to produce antimicrobial pep-
tides (in psoriasis scales tremendous amounts of
the inducible peptide antibiotic human b-defensin-
2, HBD-2 were found) (5). In parallel, recruitment
of the major microorganism-eliminating pro-
fessional leukocytes – neutrophils – is induced by
production/liberation of IL-8 and Gro-a. Both are
known to be the most abundant and neutrophil-
selective chemoattractant in psoriasis (6) and
stimulate the production of primary cytokines
(which further would induce production of chemo-
kines for neutrophil, and possibly mononuclear
cell recruitment). Finally, this is followed by acti-
vation and recruitment of T cells.

Studies with organisms that do not have an
adaptive immune system – such as invertebrates
and plants – indicate that epithelial cells act as an-
cient defense cells that may play a more important,
direct and epithelium-specific role in defense, espe-
cially prevention, against microbial infection of
vertebrates, than commonly believed (7, 8).
Therefor it is tempting to speculate that initiation
of a psoriasis lesion is the consequence of alter-
ations in the ‘‘epidermal innate defense system’’,
where the ‘‘alarm program’’ for ‘‘epithelial anti-
microbial defense’’ is initiated by a mistaken signal
or molecular ‘‘misunderstanding’’.

The epithelial defense system consists of three
major elements (Fig. 1): The first is the physical
barrier, which includes the intact permeability bar-
rier and the capability to produce stratum corne-
um or mucus in skin and mucosa, respectively, and
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desquamation. In psoriasis, this barrier function is
chronically altered in skin but not mucosa (9). The
second, chemical barrier consists of constitutively
secreted antimicrobial peptides and proteins, that
seem to be important for defining and controlling
the ‘‘physiologic’’ microflora (10). This chemical
barrier also consists of inducible antimicrobial
peptides that are produced only upon stimulation
(7, 8). This may occur either with primary cyto-
kines or – more importantly – upon contact with
microbial components (not necessarily ‘‘antigens’’
or LPS) in the human system. Such a system repre-
sents an ancient epithelial defense principle that is
well known for plants or insects (8).

In the fruit fly Drosophila, infection by various
classes or microorganisms induces differential anti-
microbial peptide genes (11). For example, the in-
duction of the fungus-specific drosomycin (which
is induced by fungi and not bacteria) occurs via so-
called ‘‘Pathogen Pattern Recognition Receptors,
PRRs’’ (12), which are topospecifically located at
least in part on epithelial cells (13). Contact with
Gram-positive bacteria leads to induction of
Gram-positive bacteria-killing insect defensins
(13). It is therefore tempting to speculate that hu-
man skin contains a similar epithelial defense sys-
tem (13) (Fig. 1) which may be activated in pso-
riasis. This is likely because of the recent isolation
of tremendous amounts of human b-defensin-2
(HBD-2) from lesional psoriatic scale extracts, the
first inducible human peptide antibiotic which is
active against Gram-negative bacteria and is selec-
tively induced in keratinocytes by primary cyto-
kines and Gram-negative bacteria (12). The third
barrier is the immunological barrier, which in-
cludes the recruitment of immune cells as well as
its effector cells into the affected skin.

As summarized in Fig. 1, there might be a cross-
talk between all three barrier-systems upon dis-
turbance of the physical barrier of living epidermal
cells by microbial products. This might induce a
number of responses in keratinocytes, including
the production of HBD-2, which may then attract
immature dendritic cells and memory T cells via
the chemokine receptor CCR6 (14) into lesional
skin. HBD-2 may also induce several primary
cytokines as well as epidermal proliferation – as
shown upon treatment of mouse skin with pro-
teases (15).

Whereas defects in the local ‘‘epithelial defense
program’’ would predict locally limited susceptibil-
ity towards recurrent infections with microorgan-
isms, hyperreactivity (i.e. by a lowered threshold to
initiate defense reactions) would predict premature
initiation of local defense reactions and exacer-
bation. I consider it an attractive working hypo-
thesis that such ‘‘hyperreactivity’’ occurs in pso-
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Figure 1. Hypothesis: The epithelium as initiator of defense reactions. Once Gram-negative bacteria, Gram-positive bacteria, fungi
or their characteristic and distinct products (‘‘Pathogen Associated Molecule Patterns, PAMs’’) come into contact with the living
epidermis, they bind towards keratinocytes via PAM-selective receptors (‘‘Pathogen Recognition Receptors, PRRs’’) (12). Depending
upon the PRR and its signal-transduction cascade, pathogen-selective antimicrobial compounds are produced and released. (In the
human system as yet only a single example is known: Gram-negative but not Gram-positive PAMs lead to the production of the
Gram-negative bactericidal HBD-2) (5). In addition, other target-selective antimicrobial peptides are most likely produced by human
keratinocytes. b-defensins may then recruit memory T cells and immature dendritic cells into tissue (14). Simultaneously, PAMs
induce keratinocyte hyperproliferation (15) and influence desquamation. Furthermore, PAMs induce production and/or release of
performed, bioactive IL-8 (18) and Gro-a, which results in immediate neutrophil recruitment. PAMs also induce in keratinocytes
primary cytokines such as IL-1, IL-6, IL-12, IL-18 and TNF-a, chemokines, adhesion molecules, and the subsequent cytokine
cascades. This will result in a coordinated recruitment of immune cells and their effector cells (here: neutrophils) into the affected
skin. According to this hypothesis, it would be crucial to identify in psoriasis alteration(s) of an as yet unidentified PRR that
recognizes Gram-positive-originating PAMs or related molecules, or alteration(s) in the corresponding signal transduction path-
way(s), which would lead to an increased susceptibility towards PAMs, with the consequence of premature initiation of the whole
epithelial defense cascade.
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riasis. Furthermore, in psoriatics, a local defense
reaction can be initiated by cutaneous injuries in-
cluding local physical, chemical and microbiologi-
cal ‘‘trauma’’ (Koebner phenomenon) (16). Thus,
one may speculate that, in psoriasis, epithelial
Pathogen Pattern Recognition Receptors, PRRs,
such as Toll-like receptors (TLRs) and/or other, as
yet not defined receptors for ‘‘Pathogen-Associated
Molecule-Patterns’’, PAMs (12) or their signal cas-
cades are altered in a way that ‘‘physiologic’’ con-
centrations of PAMs or, alternatively, endogenous
ligands – if they do exist – lead to exacerbated re-
sponses once they reach the living epidermis. Fur-
thermore, threshold concentrations of microbial
compounds may locally initiate a complete ‘‘de-
fense response’’ in keratinocytes. This includes the
induction of antimicrobial peptides, the produc-
tion and/or release of proinflammatory cytokines,
including chemokines, induction of epidermal pro-
liferation and the recruitment of inflammatory
cells (including T cell subsets) (Fig. 1).

A putative candidate PRR in psoriasis could be
a receptor located on keratinocytes that recognizes
streptococcal and staphylococcal PAMs and that
may induce the production of antistreptococcal
peptide antibiotics as well as primary cytokines,
IL-8 and keratinocyte proliferation. Subsequently,
this would induce immune cell activation and re-
cruitment. A somewhat comparable example has
been identified for atopic diseases, where a IL-4-
receptor allele causes a change in the cytoplasmic
domain of the IL-4-receptor, which results in en-
hanced signaling that leads to exacerbated IgE-
synthesis (17).

In summary, the model of an erroneously acti-
vated epithelial defense system (which might be or-
gan- and toposelective) in psoriasis, in my opinion,
would unify the previously proposed T cell models,
the ‘‘superantigen’’ model as well as the proin-
flammatory cytokine models. In addition, this
scenario would integrate neutrophil and protease
models, because alterations of all these systems
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would be expected when the epithelial defense sys-
tem is altered. Finally, this epithelial defense model
would give us more convincing answers to key
questions like:
1. Why do we see psoriasis in skin, but not in mu-

cosa or other organs?
2. Why do we see psoriatic lesions often on the

scalp?
3. Why is psoriatic skin so resistant towards infec-

tion?
4. Why does psoriasis histology resemble so much

bacterial infection and wound healing?

Jens-Michael Schröder
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Clinical Research Unit
University Hospital Kiel

University of Kiel
D-24105 Kiel, Germany
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Viewpoint 3

Joining contemporary conferences on the patho-
genesis of psoriasis could give the impression that
this disease is a hypersensitivity reaction to what-
ever antigens in the skin, mediated by whatever T
cells. This is mainly based on 1) their lesional pres-
ence, 2) experiments that transferred autologous
immunocytes induced psoriasis-like lesions in skin
of psoriasis patients transplanted onto SCID mice,
3) the fact that after transplantation of stem cells
of a psoriatic donor psoriasis may occur in the re-
cipient, 4) the response to drugs which are thought
to be T-cell specific, 5) the association of psoriasis
with HLA antigens such as Cw6, and 6) some data
on aberrant clonal expansion of lesional T cells in
the guttate subtype of the disease, which is sug-
gested to be driven by superantigens (see viewpoint
essays for citations).

A few critical comments on these arguments de-
serve to be considered:

1) Presence does not necessarily mean crucial
participation in an inflammatory process.

2) In the transfer experiments, skin was ob-
tained from psoriatic patients. No experiments
have been carried out, in which skin of a healthy
individual was forced to exhibit a psoriatic pheno-
type by transplantation of T cells only.

3) In bone marrow transplantation, stem cells
recover all leukocyte lines thus not excluding the
possibility that the primary defect is present in
other lines. Furthermore, a ‘‘psoriatic diathesis’’
yet to be defined may be present in the recipient,
normally a relative or HLA-antigen-matching in-
dividual as well and may lead to an outbreak of
the disease in this peculiar post-transplantation
scenario.

4) All the so-called T cell specific drugs may
have an effect on other cells as well. Cyclosporin,
for example, clearly has effects on neutrophils (1).

5) Psoriasis occurs in association with several
HLA antigens. Is that really a clear hint to one or
a few autoantigens in the epidermis? Furthermore,
late onset psoriasis is much less strictly correlated
with certain HLA antigens (2).

6) The guttata variant of psoriasis is relatively
rare. Why should a superantigen-driven activation
of whole T-cell receptor families not lead to dis-
seminated psoriatic lesions in an individual with
the ‘‘psoriatic diathesis’’ in a relatively unspecific
manner? Is the fact that especially antigen-non-
specific, superantigen-induced T cell activation
may lead to psoriasis lesions not the best argument
against specific T cells reacting with specific anti-
gens in psoriatic skin?
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In summary, all these T cell data have to be
taken seriously, but from my point of view pres-
ently fall short of demonstrating conclusively that
the interaction between defined T cell clones and
defined antigens in the epidermis is the only basic
event in psoriasis.

What happens in normal psoriasis? Possibly in-
duced by different local factors yet to be defined
(for example, friction on the elbows and knees, or
the local microbial colonization in the head, ear
and perianal regions), a very unusual and possibly
unique feature in the pathogenesis of psoriasis is
sometimes not even mentioned any longer in pres-
ent discussions. Numerous neutrophils enter the
dermis and the epidermis at a very early timepoint,
and form the well-known Munroe’s microabscesses
and Kogoi’s pustules. This happens even though
there are, to the best of our knowledge, no micro-
biological agents causing a classical infection.

This important phenomenon raises many open
questions. Of course, we have known for many
years that a number of certain chemotactic pep-
tides and cytokines such as C5des arg, LTB4, IL-8,
or Gro-alpha, mainly produced by the neutrophils
or by activated keratinocytes, are present in psori-
atic scales, and it has been suggested that these
substances build up the necessary chemotactic
gradient for neutrophil immigration (3). But what
else do we know about the fascinating interaction
between neutrophils and keratinocytes? It is my
impression that our knowledge almost ends at the
point where neutrophils leave the blood vessels in
the upper dermis.

Interactions between neutrophils and dermal
cells or the dermal matrix are almost completely
uninvestigated in the skin (4), and the mechanisms
of neutrophil transmigration through the base-
ment membrane and the epidermis are almost
completely unknown. What kind of adhesion in-
teractions, for example, occur between the neutro-
phils and the keratinocytes? Using a simple ad-
hesion assay we were able to identify CD11b/
CD18, present on epidermotropic neutrophils (5),
as a major ligand for keratinocyte binding on neu-
trophils (6). Similar results have been obtained in
intestinal epithelial tissues (7). CD11b/CD18 can
bind at least to ICAM-1, C3bi and fibrinogen.
Terui et al. were successful to identify C3bi as a
possible adhesion ligand (8), while a cell-cell ad-
hesion to ICAM-1, for example, is not clearly es-
tablished at the moment.

Leaving aside the problem of adhesion, what
happens with epidermotropic neutrophils when
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they transmigrate through the epidermis? To find
hints to the answers it may be instructive to con-
sider experiments from other epithelia. In chronic
gingivitis, associated with intense transmigration
of neutrophils, an amplifying loop of polymorpho-
nuclear neutrophil activation by IL-8 was found
(9). In airway epithelia, human neutrophil-epi-
thelial cell interactions can increase LTB4 forma-
tion through transcellular arachidonic acid met-
abolism (0). Furthermore, IL-8 release from neu-
trophils can be clearly increased when these cells
adhere to lung epithelial keratinocytes (11). Given
that IL-8 (12) and LTB4 (13) are able to induce the
keratinocyte hyperproliferation so characteristic of
psoriatic lesions, this suggests that neutrophils
may play an at least locally decisive boostering
role.

What about other aspects of epithelial biology
and neutrophils in psoriasis? It is well-known that
the transepidermal water loss is dramatically in-
creased in psoriasis (14) and that treatment with
simple hydrocolloid dressings can suffice to reduce
psoriatic lesions (15). Two recent papers (16, 17)
support the concept that neutrophils are directly
involved in the disturbances in epithelial differen-
tiation and keratinization that form the basis of
this increased transepidermal water loss, whose ex-
act mechanisms remain unknown. Presently, I am
aware of only one paper that tried to elucidate di-
rectly the role of neutrophils in psoriasis in an ani-
mal model. Using the ‘‘flaky skin’’ mouse model,
Schön et al. found clearly reduced psoriasis-like
lesions after experimental elimination of the neu-
trophils (18).

In summary, regarding the vitious circle in the
pathogenesis of psoriasis, we still have not yet
clearly enough defined the first and the major trig-
gering players. There are some, in my view as yet

Commentary 1

Designating psoriasis as a purely T cell disease is
too simplistic. Psoriasis is a multifactorial skin dis-
ease with genetic and environmental interactions.
Cytokines, chemokines, growth factors, adhesion
molecules, neuropeptides and T cell receptors act
in integrated ways to evolve unique inflammatory
and proliferative reactions typical for psoriasis.
Neuroimmunologic events as they relate to pso-
riasis are now a research focus. We will present
how epidermal factors, NGF and its receptor sys-
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insufficient, data to claim that T cells are the first,
or even the major relevant immune cells. For im-
proving our understanding of what is really going
on in psoriasis, it is clearly necessary to better
understand the possible role of the perhaps locally
decisive psoriasis-boostering neutrophils in this re-
gard, and to answer the many open questions as-
sociated with their appearance on the ‘‘crime
scene’’.

Peter von den Driesch
Dept. of Dermatology

University Hospital Eppendorf
University of Hamburg

D-20246 Hamburg, Germany
e-mail: driesch/uke.uni-hamburg.de
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tem (NGF-R), neuropeptides and the T lympho-
cytes interact in the pathogenesis of psoriasis.

Correlating clinical observations that stress ex-
acerbates psoriasis and that psoriasis is symmetric-
ally distributed, we have proposed a role for neuro-
peptides in the pathogenesis of psoriasis (1). Sub-
sequently, many investigators have reported an
upregulation of neuropeptides such as substance P
(SP), VIP, and CGRP, along with marked prolifer-
ation of terminal cutaneous sensory nerves in
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psoriatic lesions (2–4). Neuropeptides can play a
significant role in the inflammatory and proliferat-
ive processes of psoriasis. SP activates T cells, up-
regulates adhesion molecules in endothelial cells,
induces neutrophil chemotaxis, and releases IL-1
from keratinocytes. VIP is mitogenic to keratino-
cytes while CGRP act synergistically with SP to
stimulate keratinocyte proliferation. Both VIP and
CGRP are also potent mitogenes for endothelial
cells.

There are several clinical reports that psoriasis
does resolve at, or is excluded from sites of anes-
thesia or nerve damage (5, 6). As nerve growth fac-
tor (NGF) plays a role in regulating innervation and
upregulating neuropeptides, we investigated the ex-
pression of NGF/NGF-R in the lesional and non-
lesional psoriatic skin, normal skin and other in-
flammatory skin diseases. In immunohistochemical
studies, we found that keratinocytes in lesional and
non-lesional psoriatic tissue express elevated levels
of NGF compared to the controls (7). Fantini et al.
have reported similar results in tissue extracts, i.e.
levels of NGF are higher in psoriatic lesions (8).

Several biological actions of NGF are particu-
larly relevant to the inflammatory and proliferative
processes of psoriasis (2). Nerve growth factor pro-
motes keratinocyte proliferation and protects kera-
tinocytes from apoptosis. NGF degranulates mast
cells and induces migration of these cells; both are
early events in a developing lesion of psoriasis. In
addition, NGF activates T lymphocytes and re-
cruits inflammatory cellular infiltrates. In a recent
study, we have observed that NGF induces express-
ion of the potent chemokine, RANTES, in keratino-
cytes (Acta Derm Venereol, 2000-in press), which is
chemotactic for resting CD4π memory T cells, and
activated naive and memory T cells. It is plausible
that in a developing psoriatic lesion upregulation of
NGF induces an influx of mast cells and lympho-
cytes, which in turn initiates an inflammatory reac-
tion contributing to the pathogenesis of psoriasis.

We have documented that there is a marked up-
regulation of NGF in the non-lesional psoriatic skin
as well (7). However, in lichen planus, we found no
upregulation of NGF in the keratinocytes and ex-
pression of NGF-R in the cutaneous nerves of li-
chen planus lesions was not increased (2, 7). A
wound induces a reaction characterized by prolifer-
ation of keratinocytes, fibroblasts, vascular ele-
ments, nerves and an accumulation of inflamma-
tory cells. In non-psoriatics, healing stops after a
finite time depending on the nature of the wound. In
psoriatics, a wound frequently results in papulos-
quamous lesions (Koebner phenomenon).

Given that NGF produced by keratinocytes may
play a role in would healing, (9) the increased ex-
pression of NGF in non-lesional skin may play a
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key role in the development of a Koebner reaction
in a psoriatic patient. Proliferation of keratino-
cytes induced by trauma will result in significantly
higher levels of NGF in lesion-free skin, compared
to control skin. Elevated levels of NGF would in-
duce an inflammatory response, proliferation of
nerves and upregulation of neuropeptides such as
SP and CGRP (Fig. 1); Neuropeptides and NGF,
in addition to their pro-inflammatory effects, pro-
mote keratinocyte proliferation. Mitogenesis of
keratinocytes will result in increased levels of NGF.
Thus a vicious cycle of proliferative and inflam-
matory loops will be established in an individual
who is genetically psoriatic (Fig. 1). In contrast, in
non-psoriatic individuals the expression of NGF
per square mm of epidermis is 3–4 times lower
than in non-lesional psoriatic skin (2, 7). We specu-
late that in non-psoriatic skin healing events after
skin trauma, therefore, do not generate the critical
levels of NGF and neuropeptides that we envisage
to be required for initiating or maintaining cas-
cades essential for a chronic inflammatory reac-
tion.

Stress can alter the SP level in the CNS and in
the periphery, stress can increase SP levels in the
adrenal glands by activating the descending auto-
nomic fibers. Some of the descending autonomic
fibers innervate opioid interneurons in the dorsal
horn, and interneurons exist in the spinal cord for
SP containing nerves. Therefore, it is conceivable
that descending autonomic paths can cause release
of cutaneous neuropeptides (10). Stressful psy-
chosocial events result in increased NGF blood
levels and NGF mRNA synthesis in the hypothala-

Figure 1.
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mus (11, 12). Thus, a similar cascade of events as
developed above may occur in ‘‘distressed’’ psori-
atic patients.

Immunologic explanations alone fail to clarify
various salient features of psoriasis. They do not
explain the Koebner phenomenon, the resolution
of psoriasis at sites of anesthesia (5–6), the sym-
metrical distribution of psoriasis lesions, or pro-
liferation of cutaneous nerves and the upregulation
of neuropeptides in psoriatic tissue (1–4).

Also, agents such as calcipotriol (Dovenox) and
synthetic retinoids such as etritinate which affect
the differentiation process of keratinocytes are
very effective in psoriasis, while they are ineffective
in other T-cell-mediated skin diseases such as atop-
ic dermatitis or contact dermatitis.

Though psoriasis is considered by most authors
to be an autoimmune disease, the antigen or speci-
fic endogenous factors responsible for activation of
T cells have not yet been identified. Regarding the
induction of psoriasis in transplanted non lesional
skin to the SCID mouse by injecting autologous
lymphomononuclear cells (15), it is important to
note that activation of T cells not necessarily has
to be induced by a superantigen or by an antigen
cocktail. Nickoloff and his group reported that
they could induce psoriasis by injecting lymph-
omononuclear cells activated with substance P
(personal communication). We have observed that
autologus immunocytes activated with NGF can
convert non lesional skin to a psoriatic plaque in
3 weeks (unpublished date). As an artificial antigen

Commentary 2

Your Honour,
Members of the Jury,
in the case of the scientific community against the
T-cells in psoriasis the prosecution will highlight
to you the overwhelming circumstantial evidence
pointing towards these lymphocytes as the main
suspects in the conspiracy against the epidermis
that causes psoriasis. We will acknowledge some
evidence that they are seduced to do so by a super
stimulation, and are also victims of a specific mi-
lieu so that they are forced into action by fatal
attraction, rather than committing the crime on
purpose.

Why should T-cells be suspected at all?
Well, firstly they are there. The focus of the in-
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cocktail is not present in psoriatic skin, this sug-
gests that local dermal and epidermal factors such
as NGF, SP, RANTES involved in the neuroimmu-
nologic cascades may play a role in activation
(initiation/maintenance) of the lesional T-lympho-
cytes.

Siba P. Raychaudhuri, Eugene M. Farber
Psoriasis Research Institute

600, Town and Country Road
Palo Alto

CA 94301, USA
Fax: 001 650 326 1262
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filtrate is around the dilated capillaries in the der-
mal papillae from where they move on to invade
the epidermis (Fig. 1). Here they create a milieu
dominated by T helper type-1 cytokines (1). Sec-
ondly, if you get rid of them, you are a good doc-
tor: Measures resulting in T-cell suppression,
specifically removal of intraepidermal T-cells (2–4),
or reversal of the T helper type-1 cytokine milieu
(5), result in a favourable clinical response. Thirdly,
psoriasis goes where they go: A young woman suf-
fering from a non-Hodgkin’s lymphoma encoun-
tered a complete remission following bone marrow
transplantation from a brother who had psoriasis;
6 months later she, too, had psoriasis (6).

Just being at the site of a crime does not mean
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Figure 1. Psoriasis exhibits a dense infiltrate comprising exocy-
totic T-cells invading the epidermis and coming from the dermal
papillae.

you are guilty. But if you actually did something
you are in trouble. So, what do T-cells do up there
in the epidermis?

T-cells are made to recognise specific peptides
displayed in the context of antigen-presenting
HLA-molecules utilising highly variable receptors.
Let’s have a look at their tools and see whether
they have blood at their hands: If the T-cell re-
sponse were driven by a specific antigen one would
expect to find an (oligo-)clonal response, since only
those T-cells would proliferate in loco which ex-
press a suitable receptor to recognise this antigen-
HLA complex. In case of a reaction triggered by
superantigens, an initial enrichment for T-cells ex-
pressing the corresponding T-cell receptor Vb-
chain would occur followed by the depletion of
these cells. Another possibility is that they just en-
ter the skin because everyone else goes there, too,
thus being nothing but innocent bystanders in an
ongoing inflammation. This would have no impact
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on the T-cell receptor-repertoire of infiltrating vs.
circulating cells.

To make a very long story very short, the T-cell
receptor data suggest that psoriatic rashes can be
triggered by bacterial superantigens; this is sup-
ported by clinical experience (7), along with direct
experimental evidence (8). In fully developed
plaques one can define clonal T-cell populations.
Interestingly, looking at individuals characterised
by similar HLA genotypes (e.g. concordantly
affected monocygotic twins) one comes up with
identical clonal motifs which point to the recog-
nition of a similar antigen in these individuals (9).
A case can be made for keratins cross-reactive with
streptococcal proteins as potential autoantigens
(10), although several other scenarios can be envi-
sioned.

So there is blood on the T-cells’ hands, but where
is the victim?

The victim is the keratinocyte (see above). Now, if
keratinocytes were the victims, why then are they so
lively, and proliferate like mad, despite the bom-
bardment of T-cell derived – and normally anti-pro-
liferative – interferon-gamma? Well, psoriatic kera-
tinocytes are a special breed; most noteworthy in
this context is their reluctance to die, as reviewed by
one of the contributors to this controversy (11).

Your Honour, Members of the Jury, I hope I
could convince you that it is the T-cells that play the
central role in the complex pathogenesis of pso-
riasis. They mount an autoimmune response, poss-
ibly directed against keratin-associated antigenic
peptides. But they do so only after having been acti-
vated by bacterial superantigens. Their action re-
sults in massive epidermal thickening and scaling,
but only because psoriatic keratinocytes are reluc-
tant to undergo apoptosis. This particular milieu is
a prerequisite for the onset of psoriasis. The judge-
ment can therefore only be ‘‘̀guilty’’, but the sen-
tence should be mild, given the additional factors
contributing to the criminal action of the culprit.

Wolf-Henning Boehncke
Center for Dermatology and Venerology

Johann-Wolfgang-Goethe-University
D-60590 Frankfurt, Germany

e-mail: Boehncke/em.uni-frankfurt.de
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Commentary 3

Is Psoriasis a T-Cell Disease? The answer to that
question depends on whether you think of Langer-
hans (LC) cells as T-cells or as macrophages or as
none of the above!

That psoriasis is a disease caused by a cell of
bone marrow origin is indisputably established (1).
The only question that is arguable, in my opinion,
is which lymphoid cell initiates the disease process.
LC are lymphoid cells that express CD-4 antigen
(2). Thus, when isolating CD-4π cells from the pe-
ripheral blood one would potentially also be isolat-
ing LC or their precursors. Therefore, injection of
CD-4π LC as well as CD-4π Th cells into pre-
psoriatic skin should stimulate the expression of
the psoriatic phenotype. This has been shown to
occur (3). The subsequent appearance of CD-8
positive cells in the diseased skin may be an
attempt to down regulate the hyperproliferation of
keratinocytes that the CD-4π cells have induced.

As every medical student knows, psoriasis is
characterized by round, beefy-red plaques. The
skin is bright red, not just a little pink. Thus, there
must be a good deal of vasodilation in the super-
ficial dermal vessels. The neuropeptide that is
known to be responsible for vasodilation in blood
vessels is nitric oxide (NO). The epidermal cells
that contain inducible nitric oxide synthase
(iNOS), the enzyme that generates NO, are the
keratinocytes and LC (4). Indeed, it has demon-
strated recently that psoriatic lesions produce high
levels of nitric oxide (NO) (5). Thus, the only ques-
tion remaining is the cellular source of the NO that
causes the vasodilatation pathognomonic for pso-
riasis. Probably, in the fully developed plaque,
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both the keratinocytes and LC contribute to the
abundance of No released by the epidermis, but I
suggest that it is the CD-4π LC that initiates these
pathologic events (6).

The expression of antimicrobial peptides that is
seen in the psoriatic plaques as well as, the express-
ion of ICAMs, which has been documented in
many inflammatory skin diseases probably is an
epiphenomenona not the inducer of the disease it-
self (7).

We have recently demonstrated the co-localiz-
ation of iNOS and 3-nitrotyrosine, the reaction
product of NO cytotoxicity, in the epidermis but
not the dermis of psoriatic plaques (8). This
strongly suggests a pathogenic role for NO in this
disease. Also, it rules out that fibroblasts instigate
the psoriatic disease process.

Vera B. Morhenn
1685 Calle Camille

San Diego, CA 92037, USA
e-mail: verajonath/aol.com
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Commentary 4

No. That psoriasis is a T-cell disease is an assertion
based on little evidence and is contrary to the
everyday experience of those who see patients with
psoriasis and who look at microscopic slides of
skin disease.

Lichen planus and lupus look like T-cell diseases
under the microscope; psoriasis doesn’t. Two dis-
eases that do resemble psoriasis both clinically and
microscopically are seborrheic dermatitis and
chronic mucocutaneous candidiasis. Both those in-
volve an epidermal response to surface yeasts in
which innate immunity via alternative complement
pathway activation and not T-cell activity is re-
sponsible.

Vertebrate immune function, as Nossall once
observed, is best comprehended as an attempt to
cope with endotoxin. Psoriasis is an immunolog-
ically mediated response of the epidermis that
makes most sense when viewed as being one of the
ways by which the skin is used to help the body
cope with microbial antigen of both external and
circulating origin. Certainly T-cells are involved in
this immune activity, but that does not make pso-
riasis a T-cell disease. Even the SCID mouse skin
graft model of psoriasis works much better with
added microbial antigen. And cyclosporin, a
powerful immune suppressant, works on other cells
of the immune system as well as on T-cells.

For an example of what removal of microbial
stimuli can do in psoriasis, try to observe what

Commentary 5

While many factors leading to the generation of
psoriatic lesions still remain obscure, compelling
circumstantial evidence is accumulating that indi-
cates a primary T lymphocyte-based immuno-
pathogenesis (1).

This evidence is based upon the response of pso-
riasis to treatment with lymphocyte-specific com-
pounds, such as cyclosporin A (2), the toxin DA-
B389IL-2 (3), and, in some cases, anti-CD4 mono-
clonal antibodies (4). In addition, there is a
possible linkage of a psoriasis susceptibility gene
with a gene involved in IL-2 regulation (5). Pso-
riasis does not recur after transplantation of bone
marrow from healthy donors (6). Furthermore, the
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happens when a young person with terrible pso-
riasis, large tonsils, and an elevated DNase-B anti-
body titer undergoes tonsillectomy, a practice now
apparently forgotten almost everywhere except in
Japan. Or look for a patient who has thick, scaly,
bright red, tender palms and soles (not pustular),
and who wears a dental plate that is heavily colon-
ized by Candida albicans: treat such a patient with
fluconazole and an ultra-sonic cleaning machine
for the dentures. The response of such patients to
nothing but a reduction in microbial antigens is
astonishing when seen for the first time.

Does any of this really matter? Unfortunately, it
may do so, terribly. Fowler’s solution (arsenic) was
once used as an effective and easy treatment for pso-
riasis. Unhappily it later became apparent that such
patients developed a predisposition to cancer some
20 years afterward. It used to be said that arsenic
was an excellent treatment for psoriasis if either the
patient or the doctor were over the age of 65. The
widespread adoption of profoundly immunosup-
pressive treatment based on the unproven assump-
tion that aberrant T-cells are the cause of psoriasis
makes this symposium a most important forum.

E. William Rosenberg
Department of Medicine, (Dermatology)

University of Tennessee
Memphis, TN 38163, USA

Fax: 001 901 448 8284

association of psoriasis with certain HLA alleles,
such as -B13, -B17, -Bw57, and -Cw6 (7) points to
a pathogenic role of T cells. Eruption of psoriatic
skin lesions coincides with epidermal infiltration
and activation of T cells, resolution of the lesions
is preceded by reduction or disappearance of those
T cells (8), and lesional psoriatic T cells may alter
keratinocyte differentiation and antigen expression
(9, 10).

While this does not formally prove the primary
role of T cells, they at least support this concept.
Some investigators have reported a restricted T cell
receptor variable gene usage of T cells within
psoriatic lesions (11–14), a finding that strongly
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suggests an antigen-specific response of T lympho-
cytes. The pathogenetic relevance of this oligoclon-
al T cell expansion is not entirely clear (15). How-
ever, it is possible that the failure to demonstrate
oligoclonality in some cases of psoriasis is due, at
least in part, to colonization of psoriatic lesions
with superantigen-producing bacteria (16). Given
the well-established role of bacterial superantigens
in the pathogenesis of psoriasis (16, 17) and in view
of recently identified sequence similarities between
streptococcal M-peptides and human epidermal
keratins, such as keratin 17, it is indeed possible
that keratinocyte structural proteins function as
autoantigens in the psoriatic disease process (8,
18).

Although there is no naturally occurring animal
disease mirroring psoriasis, additional support for
a primary role of T lymphocytes in the patho-
genesis of psoriasis comes from animal studies. In-
deed, in studies using a xenotransplantation model
of psoriasis, injection of T lymphocytes from pso-
riasis patients into unaffected skin transplanted
from the same patients onto severe combined im-
munodeficiency (scid/scid) mice resulted in the gen-
eration of psoriatic skin lesions (19), and bacterial
superantigens apparently stimulate this pathogenic
function of T cells (20). In another rodent model
of psoriasis, transfer of minor histocompatibility-
mismatched CD4π/CD45RBhi T lymphocytes into
scid/scid mice alone resulted in the generation of
psoriasiform skin lesions in the absence of a pri-
mary epithelial abnormality (21). Bacterial super-
antigens enhance the disease severity in this model
(22). In this model, co-injection of previously acti-
vated CD4π/CD45RBlo T cells or transfer of un-
fractionated T lymphocytes suppressed the skin
lesions indicating that psoriasiform lesions in this
model are based upon T cell mediated immune
dysregulation (21). Finally, in HLA-B27-transgenic

Commentary 6

There are innumerable studies and irrefutable evi-
dence that activated T cell lymphocytes have an
associated role in psoriasis (1–7). What is their
role? Are they responsible for initiating psoriasis
by invading the dermis and epidermis to unleash
their armamentarium of cytokines and other sub-
stances to accelerate keratinocyte proliferation and
alter differentiation, or are they simply performing
their proscribed function by responding to some
alteration that is inherent in keratinocytes that
genetically have a propensity for developing pso-
riasis?
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rats it has been demonstrated that the inflamma-
tory disorder including psoriasiform skin lesions
is initiated by T lymphocytes without pre-existing
epithelial abnormalities (23).

Overall, I have little doubt that T cells are the
primary pathogenic factor in the pathogenesis of
psoriasis, and that this common disorder repre-
sents a T cell-mediated autoimmune disease.

Michael P. Schön
Department of Dermatology

Heinich-Heine-University
D-40225 Düsseldorf, Germany

e-mail: schoenmc/uni-duesseldorf.de
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The biochemical fingerprints of T-cells have
dammed them as the culprits for inducing psoriasis
(1–7). The finding of CD4π and CD8π T lympho-
cytes at sites of psoriasis have led many investi-
gators to hypothesize that psoriasis is a T lympho-
cyte-mediated disease directed against unknown
autoantigens or superantigens (2–4). Since pso-
riasis may be triggered or exacerbated by infection
of group A beta hemolytic streptococci, a role for
bacterial super antigens and/or cross reactivity be-
tween bacterial antigens and a keratinocyte protein
such as keratin has been proposed (3).



Controversies

Compelling evidence suggests that suppression
of CD4 positive πT lymphocytes, e.g. with cyclo-
sporin, FK 506 (tarcolimus), anti-CD4 mono-
clonal antibody or DAB389 IL-2 is an effective
treatment for psoriasis. Consequently, the treat-
ment for this disease has been somewhat mis-
guided in that a sledgehammer approach has been
directed solely at the immune system. Not unex-
pectedly, most of the treatments have caused seri-
ous side effects.

An alternative view – that is a kinder and gentler
approach to developing strategies to treat pso-
riasis – is controlling the principal instigator of
psoriasis, the aberrant keratinocyte (psorinocyte),
rather than by bludgeoning the immune system.
There is a cumulative body of evidence that the
psoriatic epidermis has both structural and func-
tional abnormalities (8, 9). It is, therefore, plaus-
ible that psoriatic kerationocytes tease the immune
system waking it from its slumber to secrete a bar-
rage of cytokines and factors in a misguided
attempt to restore keratinocytes to their normal
proliferative state.

In the mid 1980s, a new approach for treating
psoriasis was introduced. It was recognized that
the basal cells of the epidermis have a vitamin D
receptor and that 1,25-dihydroxyvitamin D3 was a
potent inhibitor of proliferation and stimulator of
terminal differentiation (10). If, needed the signal
for psoriasis is coming from the hyperproliferative
keratinocyte either by the expression of a ‘‘psori-
atic’’ antigen or production of a chemoimmune at-
tractant, then a reasonable pharmacologic ap-
proach for treating this disorder is to restore psori-
nocytes to their normal proliferative state using
non-cytotoxic agents. Based on a multitude of clin-
ical trials, topical activated vitamin D compounds
are both safe and effective for treating psoriasis
(11–13). It is, however, true that vitamin D recep-
tors exist in activated T and B lymphocytes as well
as monocytes and can function as an immune
modulator (14–15).

Another line of evidence that psoriasis is caused
by an abnormal keratinocyte (psorinocyte) arises
from the observation that parathyroid hormone
related peptide (PTHrP), which is normally in ma-
turing and differentiating keratinocytes (16), is ab-
sent in psoriatic keratinocytes (17). Furthermore,
PTHrP is restored to its normal expression in
psoriatic epidermis treated topically with
1,25(OH)2D3 (17). The PTHrP receptor agonist,
PTH (1–34), inhibitis the proliferation and induces
terminal differentiation of keratinocytes (18). In a
pilot study, topical PTH (1–34) was safe and effec-
tive in reversing the hyperproliferative and differ-
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entiation abnormalities in psoriatic lesions (19).
PTHrP does not have any significant immunomod-
ulatory activity, suggesting that the clinical effec-
tiveness of PTH (1–34) is due to its ability to nor-
malize proliferation and differentiation of kera-
tinocytes rather than alter the immune response.
By normalizing keratinocyte proliferation and dif-
ferentiation, the T cells no longer have a reason to
be agitated and, once again, return to the quies-
cent state of activity.

Thus, if indeed, psoriasis is caused by the unwit-
ting expression of an antigen on keratinocytes, or
an enhanced production of a chemical stimulant,
to initiate an onslaught by T cells, then the ap-
proach for treating psoriasis has been misguided.
Instead of using the sledgehammer approach for
demolishing the immune response, more effort
should be directed towards treatments that encour-
age psorinocytes to return to their normal prolifer-
ative and differentiative states.

Michael F. Holick
Vitamin D, Skin and Bone Research Laboratory

Section of Endocrinology, Nutrition and Diabetes
Dept. of Medicine

Boston University School of Medicine
Boston, MA 02118, USA
e-mail: mfholick/bu.edn
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