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Lessons Learned from Psoriatic Plaques Concerning
Mechanisms of Tissue Repair, Remodeling, and

Inflammation

Brian J. Nickoloff', Brian K. Bonish?, Deborah J. Marble?, Kellean A. Schriedel?, Luisa A. DiPietro®,
Kenneth B. Gordon* and Mark W. Lingen®

Following injury, skin establishes a balance between too little inflammation increasing risk of infection, and
excessive inflammation contributing to delayed wound healing and scarring. Mounting evidence indicates both
initiation and termination of inflammation involve active mechanisms. Not only does inflammation itself seem
to be a paradox because inflammatory responses are both essential and potentially detrimental, but one chronic
inflammatory skin disease (e.g. psoriasis) presents additional paradoxes. While plaques share several factors
with wound healing, two understudied and puzzling aspects include why do not inflamed plaques more
frequently transform?; and why do not plaques result in scarring? To get at these questions, we review
responses involved in wound repair. Oral mucosa was probed because, like fetal skin, wound repair is
characterized by its rapidity, low inflammation, and scarless resolution. Active roles for macrophages as both
initiators and terminators of inflammation are highlighted. Therapeutic implications are discussed regarding
psoriasis and pyoderma gangrenosum. Based on biochemical and immunohistochemical considerations linking
psoriatic plaques to hard palate, a novel metaplastic model is presented. We hypothesize saliva and chronic
trauma contribute to a constitutive epithelial program where keratinocyte proliferation is more intense prior to
differentiation, accompanied by keratin 16 expression in hard palate, thereby resembling plaques. Rather than
viewing psoriasis as a nonspecific response to inflammation, we postulate a metaplastic switch by which
prepsoriatic skin is converted to a distinct adult tissue type resembling hard palate. In summary, many lessons
can be learned by focusing on complex processes involved in regulation of inflammation, tissue repair, and
remodeling.
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epidermal keratinocyte proliferation and differentiation, as

Psoriatic plaques can be viewed as one of the most common,
and yet puzzling, examples in which previously healthy
appearing human skin is rapidly and dramatically remodeled
in response to a variety of stimuli — both exogenous and
endogenous (Nickoloff and Nestle, 2004). The tissue
response in psoriasis has been likened to a persistent
wounding response in which reparative processes are called
into play that ultimately remodel both epidermal and dermal
compartments (Mansbridge and Knapp, 1987; Morhenn,
1988; McKay and Leigh, 1995). Despite several decades of
intensive basic and clinical scientific studies, many questions
remain concerning this cutaneous disorder characterized
by chronic inflammation accompanied by alterations in

well as inflammatory and angiogenic tissue responses
including vast influxes of T cells, macrophages, and dendritic
cells (DC) (Nickoloff, 2000). This multicellular conspiracy
generates a “‘perfect cytokine storm’”” that complements the
cellular infiltrate, and joins together a confederacy of both
soluble mediators and cellular constituents, manifesting itself
from head to toe in genetically susceptible individuals as red
thick scaly plaques (Uyemura et al., 1993; Nickoloff and
Nestle, 2004). A better understanding of the inflammatory
nature of psoriasis will provide clues to the prevention and
treatment of this devastating disease.

Perhaps equally amazing as the genesis of psoriatic lesions
is the fact that with appropriate therapy these complex skin
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lesions can be reverted back to healthy appearing skin,
with little if any evidence of the aforementioned changes
in the epidermis and dermis (Schon, 2005). The mechanisms
underlying such reversibility has been understudied in
the past; but with the advent of new biological agents
that target specific cytokines such as tumor necrosis factor
alpha (TNF-0) and IL-12/23, new powerful investigative
tools are available to explore both passive and active
tissue processes underlying the effective treatment response
(Kauffman et al.,, 2004; Gottlieb et al., 2005; Schon and
Boehncke, 2005).

We address several important issues relevant to the topic
of this symposium, which highlight the biology of skin
involved in the molecular mechanisms and clinical chal-
lenges associated with wound healing, tissue repair, tissue
remodeling, and the reversibility of psoriatic plaques. As will
become clear, we have more questions than answers, but by
raising these issues and delineating what we do not know, we
hope to foster more rapid and insightful progress from both a
basic science as well as clinical perspective as we continue to
search for the cause and cure of psoriatic lesions. It is likely
that discoveries made along this investigative journey will
pay dividends for other disease processes as vastly different as
skin cancer, wound healing, and tissue re-engineering (Singer
and Clark, 1999).

Thus, this review focuses on several important aspects of
wound healing and uses for comparison, psoriatic tissue
similarities and dissimilarities. We address:

e similarities and differences in wound healing and
psoriasis;

e key cellular signaling molecules likely to play a role in
both wound healing and psoriasis, including TNF-o,
transforming growth factor (TGF)-f, and inflammatory
cytokines;

e cellular components key to each of these processes, that
is, macrophages and keratinocytes;

e the process of inflammation and scar formation; and

e potential tumor suppressor mechanisms in psoriatic
tissue.

In the final section, we propose a new model for psoriasis
that incorporates concepts presented herein, whereby cuta-
neous plaques are viewed from a metaplastic perspective.
Thus, it is suggested that the conversion of prepsoriatic skin to
psoriatic plaques results from a metaplastic signal in which
the skin is reprogrammed to resemble the hard palate in the
oral cavity. This hypothesis attempts to address the paradox
as to why psoriatic plaques do not transform into cancer,
suggesting a paradigm shift from reactive hyperplasia to
metaplasia. Rather than continuing to lump psoriatic plaques
into the same heap of chronic inflammatory dermatoses, this
new ‘‘metaplastic theory” points to a distinct biological
process (replacement of one adult tissue type with another
different adult tissue type) for psoriatic plaques. From this
perspective, several key distinguishing features of psoriatic
plaque formation and resolution can be re-explored with new
investigative opportunities.
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Figure 1. Microscopic appearance of normal human skin, wounded skin, and
psoriatic plaques highlights the remarkable tissue remodeling of both
epidermal and dermal compartments. (a) Note in normal adult human skin
the presence of elastic tissue fibers (stained black) that are thin and delicate in
papillary dermis and thicker in reticular dermis (elastin tissue stain; EVG).
(b) Following injury, this 20-day-old wound site (melanoma re-excision
following biopsy) reveals irregular acanthosis and prominent collection of
clumped collagen bundles (stained blue), accompanied by inflammatory cells
and vertically oriented proliferating blood vessels (collagen stain, Trichrome).
(c) In wounded skin, there is loss of elastic tissue fibers in the dermis as
revealed by the EVG stain. (d) Light microscopic view of normal adult human
skin with unremarkable epidermis containing basket weave stratum corneum,
granular cell layer, and unremarkable dermis. (e) Light microscopic
appearance of skin 20 days following punch biopsy in which the reparative
process for this wounded skin reveals hyperkeratosis, irregular acanthosis,
underlying dermal fibrosis, chronic inflammation, and dilated blood vessels.
(f) Light microscope view of an active untreated psoriatic plaque with
classical histological alterations including parakeratotic scale, loss of granular
cell layer, prominent and uniformly elongated rete ridges accompanied by
a chronic inflammatory cell infiltrate.

Throughout this presentation, an emphasis will be made to
highlight the aforementioned key concept that psoriatic
plaques, while sharing some features with wound healing
and other inflammatory skin diseases, represents a special, if
not a unique, tissue response. Before proceeding further, a
pictorial overview of normal human skin, wounded human
skin, and psoriatic plaques is portrayed in Figure 1. As can be
easily seen, there is prominent tissue remodeling of both
epidermal and dermal compartments in both wounded skin
and psoriatic plaques. Note the presence of elastic tissue
fibers in the dermis of normal skin (Figure 1a), compared to
the loss of elastic tissue and prominent collagen deposition in
wounded skin (Figure 1b and c). Relative to normal skin
(Figure 1d), wounded skin is characterized by irregular
acanthosis, and hyperkeratosis with underlying dermal
fibrosis, dilated blood vessels, and chronic inflammatory
cells (Figure 1e). By contrast to wounded skin, a psoriatic
plaque has characteristic uniform and prominent elongation
of epidermal rete ridges, with loss of the granular cell layer
and a mononuclear cell perivascular infiltrate (Figure 1f).
Thus, the highly consistent architectural abnormalities in
psoriatic plaques (e.g. uniform elongation of rete ridges)
contrast sharply with irregular patterns of acanthosis and
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variable architectural changes in wounded skin. In the next
section, the cellular and molecular basis for tissue remodel-
ing is reviewed, and similarities between wound healing and
psoriasis are discussed.

PARALLELS BETWEEN WOUND HEALING AND
PSORIATIC PLAQUE FORMATION

The biological basis of wound healing has been well studied
in a wide variety of animal- and human tissue-based
experimental models beginning with the pioneering work of
Alexis Carrel in 1922, who first demonstrated that leukocytes
produced soluble factors capable of stimulating cell pro-
liferation (Carrel, 1922). Each living organism must be
capable of responding to injury of its outer protective coat
by triggering a repair response to close the wound, thereby
preventing blood loss and infection (Singer and Clark, 1999).
A well orchestrated series of molecular and cellular events
has been defined beginning with creation of a fibrin-rich clot
that serves as the initial response, followed by rapid migration
of keratinocytes across a provisional matrix composed of
fibronectin, vitronectin, type | collagen, and other macro-
molecules. Further below the skin surface, fibroblasts in the
dermis become activated to form a granulation tissue in
which a capillary network is created by proliferating
endothelial cells (Diegelmann and Evans, 2004). The
collagen-rich connective tissue is accompanied by a robust
inflammatory response composed of several different con-
stituents of innate immunity such as neutrophils, macro-
phages, natural killer cells, and lymphocytes (Hunt et al.,
1984). All of these cellular events are coordinated by a wide
variety of growth factors, cytokines, chemokines, and
adhesion molecules.

Among the wound healing related molecules, many are
also present in psoriatic plaques including TGF-o, TNF-z,
IGF-1, vascular endothelial growth factor, macrophage
inhibiting factor, matrix metalloproteinase (e.g. MMP-19),
various interleukins (IL-6, IL-8, IL-15), tenascin, and anti-
microbial polypeptides (e.g. hCAP-18, hBD-3, SLPI) to name
a few (Latijnhouwers et al., 1996; Ashcroft et al.,, 2000;
Gillitzer and Goebeler, 2001; Sadowski et al., 2003;
Sorensen et al., 2003; Shimizu, 2005), as well as important
shared signaling pathways such as STAT3 (Sano et al., 1999,
2005), and mitogen-activated protein kinase activation
(Haase et al., 2001). If the injury to the skin is minor, the
inflammatory response tends also to be relatively transient
and restores the site to a near normal appearance. However,
generally in adult human skin, an inevitable result following
skin repair is a scar that represents a disorder fibrotic response
in which dermal collagen bundles are more clumped
compared to uninjured skin, accompanied by loss of elastic
tissue fibers, as depicted in Figure 1b and c. Taken together,
there are clearly many cellular and molecular mediators of
inflammation shared between the wound healing response
and psoriatic plaques. Besides these aforementioned shared
properties, in the next section, a further elaboration of links
between wound healing and psoriasis is presented.

In normal human skin, there is a confederacy of
immunocytes poised to respond to perturbation in the barrier

Immunocytes in human skin

Inflamed human skin
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Figure 2. The presence of immunocyte subsets in normal skin (left side
panel) and inflamed skin (right side panel) that may contribute to both
wound healing and psoriatic plaque formation. Note the confederacy of both
lymphoid and myeloid-derived mononuclear cell subsets, including
plasmacytoid DCs, Langerhans cells, IDEC, interstitial DCs, TipDC. For
each DC subset, a characteristic feature is listed below the subset. As
regards macrophages (M®s), at least two distinct subsets are portrayed as
classical and alternatively activated macrophages. In addition to the
aforementioned immunocytes, skin also contains T cells admixed with
dermal dendrocytes and perivascular veil cells.

involving physical, chemical, or infectious assaults. Besides
resident T cells, the mononuclear cells include epidermal
Langerhans cells (CD1a+), and dermal dendritic cells of
myeloid origin including CD11c + interstitial DCs, as well as
veil cells and macrophages (Figure 2). In inflamed human
skin (e.g. during wound healing or in psoriatic plaques), there
are both quantitative and qualitative changes in the
composition of mononuclear cells. In psoriatic plaques, these
changes involve both lymphoid type DCs (e.g. plasmacytoid
cells providing IFN-a and expressing the BDCA-2 marker),
and myeloid DCs (e.g. Langerhans cells, inflammatory
dendritic epidermal cells; IDECs expressing FceR1 and
CD206; interstitial DCs expressing CD11c, and DCs produ-
cing TNF-o and inducible nitric oxide synthase; Tip DCs)
(Wollenberg et al., 2002a, b; Tam and Wick, 2004; Nestle
et al., 2005). As regards macrophages, both classical and
alternatively activated cells are also present (van den Oord
and Wolf-Peeters, 1994; Boehncke et al., 1995; Djemadji-
Oudjiel et al., 1996; Goerdt and Orfanos, 1999; Nickoloff,
2000), as further illustrated and defined in Figure 3.

If one considers the response of prepsoriatic or clinically
symptomless uninvolved skin to trauma, it is clear that all
of the aforementioned early wound healing events also
take place in the skin. However, significant differences are
the exaggerated angiogenic tissue response, the excessive
thickening of the epidermis in which proper terminal
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Figure 3. Diversity of macrophage subsets in psoriatic plaques. These include both classically activated macrophages (left side panel) characterized by CD16,
CD32, and CD64 expression, which upon IFN-y or LPS stimulation lead to production of TNF-a, IL-1, IL-6, and 1L-12/23; and alternatively activated
macrophages (right side panel) characterized by CD163 and mannose receptor expression, which upon TGF-, IL4/13, or glucocorticoid stimulation produce
IL-10, IL-1RA, stabilin 1, and factor Xllla. Reproduced with permission of the Journal of Investigative Dermatology (Nickoloff, 2000).

differentiation of the keratinocytes is altered (Thelu et al.,
2002), and the persistent activation of the innate immune
system responsible for sustaining the inflammation, perhaps
leading to engagement of adaptive immune responses
(Sorensen et al., 2003) in psoriatic individuals. Given these
histological and clinical parallels, it is not surprising that
investigative skin biologists have regarded the pathophysiol-
ogy of psoriasis as a persistent and hence aberrant wound
healing reaction. In 1987, Jonathan Mansbridge suggested
that psoriatic plaques were composed of epidermal kerati-
nocytes following a regenerative maturation pathway, pro-
viding some of the earliest biochemical evidence for a link
between wound healing and psoriatic plaques (Mansbridge
and Knapp, 1987). Of course, clinicians have long been
aware of the Koebner phenomenon, in which mild trauma to
the skin (e.g. scratch, incision) creates psoriatic lesions (rather
than normal wound repair) in genetically susceptible
individuals (Weiss et al., 2002). As regards the Koebner
phenomenon, it is unclear why some psoriatic patients
generate a normal wound response to skin injury, while
other individuals produce psoriatic plaques at sites of trauma
(Boyd and Neldner, 1990). Factors that contribute to the
Koebner phenomena include previous Koebner responses
and extent of coexisting clinically active psoriatic lesions
(Eyre and Krueger, 1982). Further studies are indicated to
better define the molecular and genetic elements contributing
to the Koebner response.

As regards the Koebner phenomenon in psoriasis, even
simple removal of the stratum corneum by repeated tape
stripping has provided insights into the immunopathogenesis
of psoriasis. Tape stripping of symptomless skin has revealed
that such superficial trauma initiates numerous cellular and
molecular events. The sequence of events includes rapid
(within 2 days) infiltration of the skin by T cells, macro-
phages, and DCs (Heng et al, 1985). Interestingly, the
presence of CD8 + T cells and CD11c+ mononuclear cells
on day 7 correlated with the appearance of psoriatic lesions
following tape stripping (Paukkonen et al., 1992). Besides
induction of inflammatory cells into human tape stripped
skin, the loss of barrier function has also been found to
initiate a cytokine cascade, with increased mRNA levels

including TNF-o, IFN-y, and TGF-o present as early as 6h
following tape stripping (Nickoloff and Naidu, 1994). Given
the growing interest in the role of innate immunity in psoriasis
(Bos et al., 2005), the relative contribution of various
components of the innate immune system in normal wound
healing and in the Koebner response leading to psoriasis
lesion formation will require additional studies. Along this
line of inquiry, it has been recently observed that topical
application of imiquimod, which stimulates specific toll like
receptors (e.g. TLR7 components of innate immunity), on
DCs induces plaque formation in psoriatic patients (Gilliet
et al., 2004). Engagement of TLR7 on plasmacytoid dendritic
cells activates IFN-o production (Goldstein, 2004), and
Nestle’s group implicated plasmacytoid dendritic cells in
psoriasis (Nestle and Gilliet, 2005; Nestle et al., 2005). As
regards innate immunity, it should be noted that human beta
defensins are overexpressed in psoriatic lesions (Harder et al.,
1997; Huh et al., 2002; Sorensen et al., 2003), and defensins
are also expressed at high levels in gingival tissue (Mathews
et al., 1999; Dunsche et al.,, 2002; Dale and Fredericks,
2005). We will return to a potential link between psoriatic
plaques and oral mucosa further in the last section of this
review. Finally, defensins may also serve to recruit DCs that
could thereby link innate immunity with adaptive immunity
(Yang et al., 1999; Biragyn et al., 2002; Conejo-Garcia et al.,
2004).

LINKS BETWEEN WOUND HEALING, CHRONIC
INFLAMMATION, AND SKIN CANCER -THE

PSORIATIC PARADOXES

The two main paradoxes to be considered surrounding
psoriatic plaques are: why is there only rare conversion to
malignancy; and why is not there scarring associated with
psoriatic plaques? We will address each of these questions in
the following sections of this review. During the past few
years, a growing body of evidence has emerged in many
organ systems linking sites of chronic inflammation and the
increased development of cancer at such tissue locations
(Coussens and Werb, 2002; Balkwill and Coussens, 2004;
Beachy et al,, 2004). Frequently cited non-dermatological
associations include chronic hepatitis and liver cancer,
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chronic inflammation of the intestinal tract with colorectal
cancer, and chronic esophagitis with esophageal cancer.
From a dermatological perspective, nonhealing ulcers of the
skin can predispose to development of squamous cell
carcinoma. There are many molecular pathways that have
been invoked to explain these associations, including
production of DNA damaging free radicals and activation
of AP-1 mediated signaling, to name a few (Nickoloff, 2004).
Owing to space constraints, we will restrict our focus to the
importance of AP-1 activation in wound healing and its role
in psoriatic pathogenesis. Since DNA binding by AP-1 family
transcription factors regulate a large number of genes
associated with cell proliferation and extracellular matrix
molecules, numerous studies have implicated AP-1 in the
wound healing response (Yates and Rayner, 2002; Florin
etal., 2004). One of the key regulatory roles for AP-1 involves
TGF-p and collagen production (Li et al., 2005). As will be
discussed in later sections, it is also possible that altered AP-1
signaling in psoriatic plaques could contribute to defective
TGF-p signaling involving specific isoforms as well, which
may explain the persistent inflammation (TGF-3 is anti-
inflammatory) and lack of scarring (TGF-$1 and TGF-$2 are
profibrogenic) in psoriatic plaques. AP-1 related signaling
alterations in psoriatic plaques may also be relevant to the
rarity of squamous cell carcinoma, as described below.
While there is considerable support for a link between
chronic inflammation and cancer, one previously overlooked
exception is the paucity of skin cancers that develop within
psoriatic plaques (Nickoloff et al., 2005). From the current
perspective of psoriasis pathogenesis, the presence of
immune-mediated chronic inflammation leads to many
alterations in the skin that would be expected to significantly
predispose the plaques to malignant transformation such as
increased proliferation, altered differentiation, increased
resistance to apoptosis, and angiogenesis. One possible
molecular mechanism to resolve this paradox has been
invoked in the past based on the senescent-switch theory
(Nickoloff, 2001). In this theory, the cytokines present in the
plaque trigger a keratinocyte response in which potent tumor
suppressor and cell cycle inhibitors such as p16 are induced
to counteract the protumorigenic processes (Chaturvedi et al.,
2003; Elias et al., 2004). Another possible insight into this
paradox is derived from a recent mouse model of psoriasis in
which the investigators observed that a conditional knock-
down of both AP-1 components c-Jun and JunB led to an
inflammatory skin disease accompanied by an arthritis
resembling psoriasis (Zenz et al., 2005). In addition to these
mouse-based models, the authors also determined that
human psoriatic plaques were characterized by a strong
reduction in JunB/c-Jun ratios, which was significantly
different from the pattern of these AP-1 components in
normal skin (Mehic et al., 2005). If indeed psoriatic plaques
are characterized by lesional keratinocytes with reduced
AP-1 levels, then the lack of skin cancer in psoriatic plaques
may be explained by this defect in a key AP-1 mediated
tumorigenic pathway. However, as AP-1 mediated signaling
represents a double-edged sword in tumorigenesis, more
studies will be necessary to better define the molecular

mechanism by which psoriatic plaques resist transformation
and the potential role for either a senescent switch or
reduction in AP-1 signaling in such a complex and
paradoxical setting. It will also be critically important to
determine if the findings involving c-Jun and JunB in the latest
transgenic mouse model are truly reflective of the psoriatic
phenotype (Nickoloff, 2006).

Returning to the role of mononuclear cells in the pathophysio-
logy of psoriasis, the contribution of specific macrophage
subsets is delineated in this section. Cells belonging to the
monocyte-macrophage lineage in psoriatic lesions have
previously been relatively overlooked because of a primary
focus on T cells and DCs. However, psoriatic plaques are
characterized by a prominent collection of various types of
macrophages (Figure 3) as we previously highlighted in the
context of the psoriatic angiogenic tissue response (Nickoloff
et al., 2002). One of the difficulties in attempting to link
macrophages to the pathogenesis of psoriasis is the hetero-
geneous make-up and lack of unique lineage specific
markers. Currently, it has been proposed to utilize key
properties of macrophage activation and polarization in
defining four subsets of macrophages (e.g. M1, M2a, M2b,
M2c). Table T summarizes the features for each major type of
macrophage (reviewed by Mantovani et al., 2004).

At first glance the nomenclature appears confusing, but
upon further inspection it becomes clear that the hetero-
geneity among the four major types of macrophages reflects
the plasticity and versatility of mononuclear cells required to
handle the diverse response to a wide array of environmental
and microenvironmental signals. The basic categorization of
macrophages essentially falls into two categories (Table 1): a
type | response (mediated by M1 macrophages) and a type I
response (mediated predominantly by M2 macrophages,
including M2a, M2b, and M2c subsets). The M1or classically
activated macrophages are most closely aligned to the
phenotype of mononuclear cells in psoriatic lesions in that
IFN-y serves as a stimulus, and psoriatic plaques containing
macrophages are characterized by high levels of inducible
nitric oxide synthase, reactive oxygen species, and cytokines
such as IL-12, 1L-23, as well as IL-6 and TNF-o (Figure 3).

In addition to the M1 cells or classical macrophages
(surface expression of CD16, CD32), we and others have also
identified alternatively activated (surface expression of
CD163, mannose receptor), or M2 macrophages, in psoriatic
plaques as portrayed in Figure 3 (Djemadji-Oudjiel et al.,
1996; Goerdt and Orfanos, 1999; Nickoloff, 2000). Some of
the other characteristics of alternatively activated macro-
phages include IL-10, IL-1 receptor antagonist (IL-1RA),
stabilin 1, and factor Xllla expression (Figure 3). The exact
interactions between the classical and alternative macro-
phages in psoriatic lesions are not clear. Besides these two
subsets of macrophages, the other type of macrophage to
mention is the M2c type macrophage because this mono-
nuclear cell subset has been linked to extracellular matrix
depositions and tissue remodeling via production of TGF-f§

Journal of Investigative Dermatology Symposium Proceedings (2006), Volume 11
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M1 MD M2a M® M2b M®
Macrophage (M®) type “Classical M®"’ “Alternative M®"”’ “Type Il MO®” “Deactivated M®"’
Stimulus IFN-p+LPS IL-4+IL-13 Toll-like receptor IL-10

TNF-o — — —
Production profile Reactive O, species IL-10 IL-10 IL-10

IL-6 IL-Tra TNF-a TNF-p

IL-12 — IL-6 —

IL-23 — — —

TNF- — — -

Immunobiological function TH1 responses

DTH responses

Tumor resistance —

Th2 responses

Parasite killing —

Th2 activation Matrix deposition

Tissue remodeling

DTH, delayed type hypersensitivity; LPS, lipopolysaccharide; TNF, tumor necrosis factor.

1Adapted from Mantovani et al. (2004, p 677).

(Mantovani et al., 2004). As will be discussed in the next
section, given the absence of fibrosis and scarring in psoriatic
plaques, we would postulate that the TGF-f producing M2
type macrophages would be conspicuous by their absence,
and hence further studies of macrophage subsets are needed
in this regard.

Two different groups have described transgenic mouse
models that resemble psoriasis in which the skin lesions
were found to be independent of a T-cell component
(Pasparakis et al., 2002; Zenz et al., 2005). One of these
models was previously mentioned involving the con-
ditional knockdown of c-Jun and JunB in epidermal
keratinocytes (Zenz et al., 2005), whereas the other model
involved loss of IKK2 in keratinocytes creating alterations in
NF-«B signaling (Pasparakis et al., 2002). In both of these
models, TNF-z was a critically important cytokine for
persistence of skin lesions, and since TNF-o is produced by
macrophages and DCs (Nickoloff et al., 1991), interest in
these mononuclear cells has been rekindled, directing
attention somewhat away from the T cells and more toward
non-T cells such as keratinocytes, macrophages, and DCs
(Nickoloff, 2006).

Another recent report has identified TNF-a and inducible
nitric oxide synthase positive mononuclear cells in psoriatic
plaques (Lowes et al., 2005). The predominant phenotype for
these cells was CD11c positivity and the so-called Tip-DCs
(TNF and inducible nitric oxide synthase producing DCs)
(Serbina et al., 2003) appear to be derived from monocytes,
which are the same cells that give rise to macrophages. While
the actual CD14+4 macrophages are not as frequent in
psoriatic plaques as CD11c+ DCs (Lowes et al., 2005),
further studies are clearly required to determine the
respective roles for both mononuclear cell subsets as regards
the generation and maintenance of chronic inflammation,
tumor resistance, and tissue remodeling in psoriatic skin.

Once the skin is injured both healthy individuals, as well as
psoriatic patients, respond by mounting an acute inflamma-
tory reaction (Figure 4). However, as has been highlighted
throughout this review, there are many differences following
the onset of acute inflammation that distinguished normal
individuals from psoriatic patients. In this section, a brief
summary of these differences is highlighted to emphasize
both positive and negative feedback loops that regulate and
coordinate inflammation and fibrotic tissue responses.
Following skin injury in non-psoriatics (e.g. healthy indivi-
duals; Figure 4, left side panel), the initial tissue response is
portrayed as consisting of both proinflammatory cytokines
such as TNF-o and IFN-y, as well as anti-inflammatory
cytokines such as IL-10 and TGF-$1. The IL-10 can function
as a negative feedback inhibitor blocking further inflamma-
tion, such that the vascular, epidermal, and fibrogenic events
(including the absence of TGF-f33) are allowed to proceed in
a coordinated fashion to facilitate tissue repair and restoration
of normal skin; and not be perturbed by persistent or chronic
inflammation.

By contrast, in psoriatic patients (Figure 4, right side
panel), the balance between proinflammatory cytokines
(IL-10, TGF-p) following acute inflammation is portrayed as
being unbalanced or skewed toward excessive pro-inflam-
matory cytokines. This imbalance alters the vascular,
epidermal, and fibrogenic events that become dysregulated
and accompanied by chronic inflammation. Such abnormal
regulation and perturbed inflammatory conditions give rise to
the pathological features of psoriatic plaques, including a
prominent angiogenic tissue response as well as altered
keratinocyte differentiation and proliferation, but no scar
formation. In the remaining portion of this section, we focus
on the regulation of fibrosis/scar formation, and highlight
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Figure 4. Comparison and contrast in the response to skin injury between
healthy individuals (left panel) and psoriatic patients (right panel). While
both groups of individuals initially respond to skin injury by acute
inflammation, there are significant differences in the relative balance between
proinflammatory cytokines and anti-inflammatory cytokines, which
differentially influence vascular, epidermal, and fibrogenic effects. Key
molecular mediators include TNF-a, IFN-y, IL-10, and TGF-f isoforms. In
normal individuals, there is rapid tissue repair and restoration of skin function,
but in psoriatic patients, skin injury may result in chronic inflammation

and exaggerated angiogenic tissue response, accompanied by altered
differentiation and proliferation of epidermal keratinocytes, but no scar tissue
formation. Note that normal wound response is characterized by transient
inflammation and scar tissue dependent on TGF-$ isoforms. TGF-f1 isoform is
depicted as profibrogenic and anti-inflammatory, whereas TGF-f3 is depicted
as inhibiting scar formation. Note that in psoriasis, it is possible that the
persistence of inflammation and lack of fibrosis and scar tissue is related to the
absence or dysregulation of TGF-f mediated signals in psoriatic plaques.

roles for TGF-§ family members, as well as macrophage
subsets, that can contribute to both the maintenance and
resolution of skin inflammation.

To address the second paradox associated with psoriatic
plaques (e.g. why do not plaques resolve with scar forma-
tion?), this section reviews what is known about scarless
wound healing and mechanisms responsible for scar forma-
tion and resolution of inflammation.

As one considers scarless wound healing, it is important to
recognize the critical relationship between inflammation and
wound healing (Diegelmann and Evans, 2004). Indeed, we
can ask: why does one need an inflammatory reaction at all
following skin injury?, and is scar formation the price that is
paid for the presence of inflammation? First, since most skin
injury occurs in the context of an external environment that is
non-sterile and full of infectious agents (in contrast to modern
day surgical procedures performed under highly sterile
conditions), it is clear that inflammatory cells with all of
their antimicrobial properties are essential for wound repair
so as to avoid complications such as wound infection and
sepsis (Hunt, 1980). On the flip side, there is no question that
reduced inflammatory responses lead to a superior wound
healing response under certain conditions that is not

accompanied by scar formation. Thus, in fetal wounds there
is little to no inflammation and no scar formation (Martin and
Parkhurst, 2004). In mice, when neutropenia is induced,
there is less inflammation and accelerated rate of wound
repair (Dovi et al., 2003). Moreover, using the PU.T null
mouse, which lacks both macrophages and neutrophils, the
standard inflammatory response was significantly reduced,
and yet the skin wounds were rapidly repaired with reduced
fibrosis (Martin and Parkhurst, 2004). When detailed mole-
cular profiling was undertaken in the PU.T mice, it became
clear that a key factor significantly dampened during the
wound healing response in this macrophage-less and scarless
model was TGF-f (Martin and Parkhurst, 2004; Cooper et al.,
2005). The growing body of evidence linking the cytokine
TGF-f to scar formation in wound healing reactions includes
TGF-§ itself, as well as intracellular signaling component
Smad 3, and a downstream effector — connective tissue
growth factor. The TGF-f family is diverse, including three
isoforms in mammals (Millan et al., 1991) that play distinct
biological roles depending on the clinical setting (Graycar
et al., 1989).

Direct links to TGF-$ are derived from experiments using a
TGF-f antibody to reduce local tissue levels in adult rats,
which produced less scar formation (Shah et al., 1992; Shah
et al., 1995). In a mouse model for human scleroderma, anti-
TGF-p treatment reduced scar formation in the skin involving
a cutaneous graft-versus-host disease reaction (McCormick
et al., 1999). When transgenic mice with deletion of the
Smad 3 gene were examined, the inability of cells within the
wound bed to respond to TGF-§ resulted in reduced
inflammation and increased re-epithelization almost devoid
of scar tissue (Ashcroft et al., 1999). Also, the TGF-f
inducible gene connective tissue growth factor has been
implicated in inflammation-mediated fibrotic reactions
(Igarashi et al., 1996). Another link between TGF-f and
wound healing relates to transgenic mice in which SLPI is
deleted (Ashcroft et al., 2000). In normal wound healing, SLPI
is expressed relatively early and is triggered by TNF-o, and
can modulate levels of elastase and TGF-§ by its ability to
function as a protease inhibitor (Ashcroft et al., 2000) When
SLPI is absent, the generated null mice display impaired
wound healing with increased inflammation, elastase activ-
ity, and local TGF-§ levels derived from tissue macrophages.
It has been noted that licking of wounds, as is frequently
observed in animals, may promote repair because SLPI is
present in saliva, which could thereby mediate many
beneficial processes such as promoting innate host defense,
antiproteolysis, antimicrobial, and anti-inflammatory roles
(Ashcroft et al., 2000).

Taken together the aforementioned studies point to roles
for inflammation and macrophages, as well as TGF-f
isoforms in regulating wound repair and contributing to
presence or absence of scar formation. Next, we will briefly
review the additional evidence highlighting an important role
for TGF-f8 isoforms in the scarring process. As regards TGF-f
isoforms, there appears to be distinct functional influences on
the wound healing process, for example, TGF-f1 has been
implicated in various fibrotic diseases (Broekelmann et al.,
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1991; Castilla et al., 1991). When either TGF-$1 or TGF-f2
has been neutralized, reduced scarring was achieved in
cutaneous wound response of adult rodents (Shah et al.,
1995). However, the addition of exogenous recombinant
TGF-p3 actually reduced scarring in the same experimental
model (Shah et al., 1995) Thus, as one considers the role for
TGF-p in wound healing and tissue remodeling, as well as in
the regulation of inflammation, it is critical to carefully
consider all three family members.

One additional important new viewpoint regarding the
regulation and resolution of inflammation focuses on
dampening inflammation as an active rather than passive
biological process. New evidence has emerged to support the
concept that the beginning of inflammation is also linked to
the termination of inflammation under physiological condi-
tions. Thus, the traditional viewpoint that resolution of the
inflammatory response occurs passively is giving way to the
new perspective that resolution of inflammation is an active
process. For a complete review of this important topic,
interested readers are referred to the series of reviews and
perspectives recently appearing in the December 2005 issue
of Nature Immunology (www.nature.com/ni/focus/inflamma-
tion/index.html). Owing to space constraints, a focus on the
role of macrophages will be provided herein as cellular
mediators of the termination of chronic inflammation in
general, with potential links to psoriasis. To complement the
role of macrophages as important cellular contributors to the
termination of inflammation, a role for the secreted cytokine
TGF-p will be included as it clearly possesses both anti-
inflammatory as well as profibrogenic roles in the normal
wound healing response. Indeed, it is possible to create a
model for psoriasis pathophysiology in which alterations in
TGF-p (either by its absence or by abnormal signaling events)
contribute to our understanding as to the molecular basis for
persistent inflammation and lack of fibrogenic scar formation
in psoriatic plaques. It should be noted that a connection has
been established between oncofetal fibronectin (EDA),
prominent in psoriatic lesions, and wound healing in fetal
tissue (Ting et al., 2000; Szell et al., 2004).

The evidence that TGF-§ signaling is altered in psoriatic
plaques is derived from several sources. Before delving into
these reports, it is important to remember that there are many
complexities associated with TGF-f as it represents a
multifunctional cytokine via a heteromeric receptor complex
of TGF-BRI and TGF-RII (Miyazono et al., 2001). Moreover,
TGF-l is secreted in a latent form that requires further
activation, and activated TGF-fl can have varied biological
effects depending on its levels and duration of expression,
location, and timing of exposure in the tissue response (Li
et al., 2004). As mentioned earlier, TGF-f isoforms can exert
their effects via autocrine or paracrine mechanisms to impact
keratinocyte growth, inflammation, and fibrosis. Given these
complexities, it should not be too surprising that drawing
definitive conclusions on the relationship between TGF-f and
psoriasis is difficult at the moment, but some observations
indicate reduced TGF-f expression and TGF-f mediated
signaling in psoriatic plaques (Kane et al., 1990; Matsuura
et al.,, 1994; Cai et al., 1996; Doi et al., 2003). Besides these
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direct measurements using human tissue, targeting TGF-f has
also been performed using transgenic mice. When TGF-f
signaling is either reduced or eliminated in keratinocytes, the
next effect is increased epidermal thickness (Werner et al.,
2001; Li et al, 2004). Taken together, all of these results
indicate more studies are required to better define the role for
TGF-f (Werner et al., 2001; Li et al., 2004) in the
pathogenesis of psoriasis.

Returning to macrophages, it should be noted as depicted
in Table 1, that not only are there macrophage subsets that
can be proinfiltrating (e.g. MIM®), by virtue of their
production of reactive oxygen species, TNF-a, IL-6, IL-23,
etc, but also macrophage subsets that can be anti-inflammatory
(e.g. M2a, M2b, M2c, M®) by producing IL-10 and TGF-f. Not
only can this latter group of macrophage subsets serve as anti-
inflammatory agents, they can also support tissue remodeling
and healing (Gratchev et al., 2005). Macrophages and
neutrophils exhibit cross-talk and the ingestion of neutrophils
by macrophages may serve as an anti-inflammatory process
(Fadok et al., 1998; Murai et al., 2003; Daley et al., 2005).
Another mechanism by which macrophages can actively
participate in resolution of inflammation is by producing
indoleamine 2,3-dioxygenase (IDO), which triggers apoptosis
of T cells by interfering with tryptophan metabolism (Munn
et al, 1999). Since IDO functions to degrade tryptophan,
T cells, which are very sensitive to external tryptophan
levels, undergo apoptosis when local tryptophan levels
are depleted (Munn et al., 1999). Interestingly, two inducers
of IDO production in macrophages include IFN-y as well
as estrogen. The link to estrogen underlies the importance
of IDO in regulating maternal T-cell immunity during
pregnancy to block fetal allograft rejection (Munn et al.,
1998). The link between IDO and psoriasis resolution may
be two-fold. First, it has been observed that psoriatic lesions
improve during pregnancy (Murase et al., 2005), and we
suspect the increased estrogen levels could enhance macro-
phage IDO levels in plaques leading to T-cell apoptosis and
resolution of lesions (Xiao et al., 2004). Second, we have
observed when a TNF-a inhibitor is administered to psoriatic
patients (adalimumab), there is prominent enhancement of
macrophage IDO expression in the plaques, which correlated
with clinical improvement and decreased number of lesional
T cells (Gordon et al., 2005). Thus, it is likely that various
macrophage subsets are playing both proinflammatory as
well as anti-inflammatory roles, and additional studies should
be performed to determine the precise mechanistic role
macrophages play in resolving inflammation and mediating
the scarless healing of psoriatic plaques.

In this review, several lines of inquiry have been summarized
and the evidence cited demonstrates that for wound repair to
occur in which tissue homeostasis is rapidly restored
following injury, a delicate balance between too little
inflammation versus excessive inflammation must be
achieved (Elias et al., 1999). If there is too little inflammation,
one may experience a local or generalized infectious
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complication following loss of structural integrity of the skin,
but if there is excessive inflammation complications include
fibrosis and scarring with the loss of function or failure to heal
leading to ulcer formation. Experimental evidence demon-
strating enhanced wound healing when TNF levels are
reduced include rodent and primate related experimental
models (Mori et al., 2002; Zhang et al., 2004). Drawing from
experience with TNF-o inhibitors in human subjects with
psoriasis (Gottlieb et al., 2005), it is possible that use of these
biologically engineered inhibitors of the pre-inflammatory
cytokine TNF-o, may be of benefit to promote wound repair.
For this particular therapeutic approach, it will be critical to
achieve the correct balance such that a reduction in the
detrimental aspects of inflammation can be accomplished
without increasing the risk of local infection (Szpaderska and
DiPietro, 2005).

One of the most prominent clinical examples for excessive
and dysregulated inflammation, tissue alterations, and
definitive wound repair is pyoderma gangrenosum (Brunsting
et al., 1930). The pathogenesis of pyoderma gangrenosum
has been elusive, and skin lesions represent a noninfectious
inflammatory disease culminating in painful ulcers with
undermined violaceous borders. In the past, various local
and systemic therapies designed to suppress the immune
system were utilized with varying success. As pyoderma
gangrenosum may be associated with other noncutaneous
inflammatory diseases such as Crohn’s disease, clinicians
began using TNF-a inhibitors to determine if reducing
inflammation in pyoderma gangrenosum would promote
wound healing. Interestingly, targeting TNF-o did indeed
prove highly beneficial in pyoderma gangrenosum (as well as
in psoriasis and Crohn’s disease) as reported by numerous
clinicians (Tan et al., 2001; Grange et al., 2002; Triantafillidis
et al., 2002; Hubbard et al., 2005). Taken together, these
observations clearly indicate that excessive inflammation
mediated by TNF-a can inhibit wound repair, and dampening
inflammation can be safely accomplished without a con-
current increase in infection.

Rather than viewing psoriatic plaques as the end result of a
chronic inflammatory and hyperplastic response, we propose
an entirely new model for the generation and maintenance of
psoriatic plaques. The primary consideration for this model is
to explain why psoriatic plaques do not transform into
malignancies, and also to explain why the plaques resolve
without scar formation. The essence of this model is that
psoriatic plaque formation actually represents a metaplastic
switch, rather than a purely reactive hyperplastic process.
Thus, rather than a traditional pathological sequence of
events such as normal, benign hyperplastic, dysplastic,
carcinoma in situ and invasive carcinoma, we propose a
simple normal to metaplastic switch by which prepsoriatic
skin, under the influence of immunocyte-derived cytokines,
growth factors, and chemotactic polypeptides, re-program

the skin into a plaque, which resembles the hard palate in the
oral cavity. The pathological definition of metaplasia is the
replacement of one adult tissue type by an entirely different
adult tissue type. If we invoke a metaplastic switch to
psoriasis, then the next question is what other adult type
tissue is being created and replacing the symptomless,
prepsoriatic skin?

By examining the histological, immunophenotypic, bio-
chemical, and clinical features, we propose the metaplasia of
the psoriatic skin resembles the hard palate. While at first
glance, it may seem absurd to suggest that there is any link
between a highly inflamed psoriatic plaque in skin and the
hard palate in the oral cavity, this section is devoted to
evidence supporting this hypothesis. Before presenting the
histological and immunophenotypic similarities between
psoriatic plaques and palate, we will first highlight some
indirect evidence that is relevant to this viewpoint. First, it has
been demonstrated that there is a “privileged repair’’ of oral
mucosal wounds when compared with cutaneous wounds
(Szpaderska et al., 2003). DiPietro and her co-workers clearly
demonstrated the oral mucosal response to injury is
distinguished from skin wound repair mechanisms by its
rapidity and lack of scar formation (ibid). The underlying
mechanism for these differences was suggested to be linked
to less inflammation in the oral cavity secondary to lower
TGF-B1 levels; features mentioned earlier in the context of
rapidly healing fetal wounds.

A second reason for considering a link between oral
mucosa/hard palate and psoriatic plaque is derived from the
observation of many investigators that saliva which normally
bathes the frequently traumatized hard palate contains a
complex mixture of cytokines, growth factors, and protease
inhibitors such as SLP1, which may account for the rapid
healing without scarring, and lack of necessity for recruiting
inflammatory cells (Hutson et al., 1979; Bodner et al., 1993;
Zelles et al., 1995; Ashcroft et al., 2000). In other words, in
the microenvironment of the hard palate, externally derived
saliva provides an assortment of factors necessary for
epithelial integrity and rapid response to injury. By contrast,
in skin we postulate in the absence of saliva on the surface,
when injury occurs, the resident and recruited immunocytes
provide the cytokines, growth factors, protease inhibitors, and
chemotactic polypeptides responsible for reprogramming the
prepsoriatic skin into a psoriatic plaque. Thus, in the hard
palate, a driving force for tissue structure is the externally
derived saliva, whereas in the psoriatic plaque, the tissue
remodeling is derived from an internally driven cytokine
network provided by local immunocytes. Since in many
cases, the inciting stimulus to provoke psoriatic lesion
formation is only minor trauma or inadvertent response to
medications (lithium, beta blockers), we have previously
speculated that overactive innate immunity may represent a
liability or foe, rather than friend, for psoriatic patients
(Nickoloff, 1999).

The third reason for linking hard palate with psoriatic
plaques is the remarkable light microscopic similarities in the
epithelial silhouettes, and their shared expression of cytoker-
atins (i.e. keratin 16). As portrayed by immunohistochemical
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stained sections, both normal hard palate and psoriatic
plaques are characterized by numerous microscopic char-
acteristics, including confluent parakeratotic scale, loss of
granular cell layer, thick epithelial compartment with
prominent elongation of rete ridges, and strong diffuse
suprabasal positivity for keratin 16 (Figure 5). Of course,

Patterns of keratin 16 expression in the oral cavity

[ Alveolar ridge ] | Gingiva

Hard palate

Figure 5. Profile of different tissue sites (n=>5) within the oral cavity
exposed to saliva and varying degrees of mild trauma, including hard palate,
alveolar ridge, gingiva, and buccal mucosa. Note prominent suprabasal
keratin 16 expression and elongated rete ridges in hard palate and other sites
of frequent intraoral trauma from mastication such as alveolar ridge and
gingiva, whereas buccal mucosa has only focal keratin 16 expression and
more irregular acanthosis. Specimens selected for immunohistochemical
analysis consisted of biopsies that did not contain either epithelial pathology
or submucosal inflammation that would have altered the epithelial layer
(i.e. many cases were derived from amalgam tattoos). Formalin-fixed
paraffin-embedded sections were immunostained using a sensitive
avidin-biotin kit (Vectastain, Vector Laboratories, Burlingame, CA) with
3-amino ethyl carbazole producing a red chromagen signifying positive
staining. Keratin 16 antibody was purchased from Vector Laboratories
(catalogue number VPC 412).
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psoriatic plaques are different from the hard palate tissue
sections because the plaques are infiltrated by numerous
immunocytes including T cells, macrophages, and DC
subsets. Nonetheless, if one were to create a silhouette of
the epithelial/epidermal compartments for hard palate and
psoriatic plaques, they would be virtually superimposable.

By contrast to normal human skin, which completely lacks
keratin 16 expression, psoriatic plaques contain suprabasal
layer keratinocytes positive for keratin 16. Using normal
keratinocytes, keratin 16 can be induced by several cytokines
such as IL-1, TGF-a, and TNF-u (Freedberg et al., 2001). Since
growth factors may also influence keratin 16 expression, it
will be interesting to determine which factors in saliva or in
submucosal tissue are responsible for the constitutive and
diffuse keratin 16 expression in hard palate of the oral cavity.
It should be noted that when other compartments of the oral
cavity were examined such a buccal mucosa, gingiva, and
alveolar ridge tissue (for each tissue type, a representative
example from five different patients is displayed), the keratin
16 expression was also present in other sites where trauma
from mastication is common (gingiva and alveolar ridge),
with much less K16 expression by the much less traumatized
buccal mucosa (Figure 5). While the alveolar ridge and
gingiva could also be considered in the context of the
psoriatic metaplastic hypothesis, the hard palate is empha-
sized in the current setting simply because of space
constraints, and clinical observations from our colleagues in
dentistry in which biopsy wounds of hard palate have been
examined carefully and found to heal rapidly with no scar
formation (Marucha et al., 1998). However, by no means do
we suggest that the ability of saliva and trauma to influence
the tissue response of the alveolar ridge and gingiva be
ignored in future studies. Two other interesting aspects of the
biology of hard palate are that this distinct tissue site is highly
resistant to infection, and it is only rarely involved by
malignant transformation.

Psoriatic tissue
response

Cytokines

Trauma

Immunocytes

13

Resistance to infection
Persistent wound healing
Heals with no scar
Reduced transformation

Prominent inflammation

Figure 6. Similarities between hard palate in oral cavity and psoriatic plaques in skin featuring keratin 16 expression. Note the overall epithelial microscopic
architecture with parakeratosis, acanthosis, elongation of rete ridges, accompanied by strong diffuse suprabasal layer keratin 16 expression and low or
abnormal TGF-f signaling. The main difference is the source of the growth factors, cytokines, and protease inhibitors responsible for tissue architecture: in oral
cavity, constituents of saliva are critically important, whereas in psoriatic plaques these driving forces are derived from immunocytes. In both cases, the net
biological response is characterized by resistance to infection, and wound healing that is rapid and scar-free.
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A summary of the similarities between hard palate in the
oral cavity and psoriatic plaques in skin is provided in
Figure 6. Of course, we recognize this model is highly
simplified and will require extensive and rigorous experi-
mental study in which other variables need to be considered,
including the role for specialized mesenchymal elements in
skin and oral cavity that may control epithelial/epidermal cell
fate determinations (Dimitrakopoulos et al., 1998). It is also
necessary to determine why true psoriatic lesions are rare in
oral mucosal sites (Richardson et al., 2000; Bockelmann
et al., 2001).

SUMMARY AND FUTURE DIRECTIONS

The complex biological process known as inflammation is
critically important for the response of the body to injury that
normally restores homeostasis following tissue remodeling
and repair. When the physiological processes are dysregu-
lated, skin injury can lead to wounds that do not heal
properly. Several pathways contributing to the pathophysio-
logy of psoriasis were highlighted, and the viewpoint that
psoriasis, like pyoderma gangrenosum, may be considered in
a broad sense as representing abnormal wound responses. As
reviewed herein, several skin diseases including psoriasis are
characterized by excessive and persistent inflammation. By
considering the molecular and cellular basis underlying these
disorders, new therapeutic insights are derived that can be
used to restore homeostasis by manipulating active mechan-
isms designed to dampen inflammation and prevent scar
formation leading to tissue dysfunction. As mentioned at the
onset of this presentation, there are clearly more questions
than answers at the moment in this field, and considerable
challenges facing investigative skin and oral biologists
confronting such complex biological processes as inflamma-
tion, tissue remodeling, and wound healing. However, by
using grafting techniques, animal models of psoriasis,
proteomics, and genomics, it is hoped that the questions
raised throughout this text will stimulate and provoke new
experimental approaches in research activity to resolve
unanswered questions surrounding these fascinating tissue
responses in skin and oral mucosa.
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