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Review

Inflammatory and Immune Reactions
Associated with Stratum Corneum and
Neutrophils in Sterile Pustular Dermatoses
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Terut, T. Inflammatory and Immune Reactions Associated with Stratum
Corneum and Neutrophils in Stertle Pustular Dermatoses. Tohoku J. Exp. Med.,
2000, 190 (4), 239-248 —— In this review we present our own experimental
findings as well as those from the literature related to the pathomechanisms for the
inflammatory changes in psoriasis and its related diseases. A growing body of
evidence has indicated that T cell-mediated immunity plays an important role in
triggering and maintenance of psoriatic lesions. It has been revealed that lympho-
kines produced by activated T cells in psoriatic lesions have a strong influence on
the proliferation of the epidermis. Characteristic neutrophil accumulation under
the stratum corneum can be observed in the highly inflamed areas of psoriatic
lesions. These neutrophils are chemotactically attracted and activated there by
synergistic action of chemokines, IL-8 and Gro-a released by stimulated
keratinocytes, and particularly by Cba/CBa des arg produced via the alternative
complement pathway activation. We demonstrated that the infiltrating neutro-
phils adhere to 1C3b-opsonized corneocytes to produce active oxygen and probably
lysosomal enzymes. From a close relationship observed between neutrophil accu-
mulation and high mitotic ratio of the lesional epidermis, we think that these
stimulated neutrophils influence the growth and differentiation of epidermal
keratinocytes. Aberrant expression of HLA-DR on neutrophils suggests their
activation of infiltrating T cells in the presence of bacterial superantigen. These
T cells in turn influence the transepidermal neutrophil migration through the effect
of their cytokines on the keratinocyte production of proinflammatory mediators
including IL-8 and C3. In this review we discuss the pivotal roles played by
stratum corneum and neutrophils in several skin diseases, where neutrophils

accumulate beneath the stratum corneum in a sterile condition ————— psoriasis;
neutrophils; T cells; keratinocytes; cytokines (€ 2000 Tohoku University Medical
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Psoriasvs 1s a T cell-mediated immune dermatosis

Psoriasis 1s a common chronic inflammatory disorder of the skin in western
countries. Clinically, typical psoriasis is characterized by the presence of sharply
demarcated erythematous papules and plaques that are covered by silvery scaling.
Although psoriasis was once regarded as a dermatosis caused by benign epidermal
hyperproliferation, there have been many reports published, which focused on the
inflammatory changes. Initially attention centered on humoral immunity, but
later, shifted to cellular immunity related to T cells. Based on the results of
several studies, there is now suflicient evidence for T cell involvement in the
development and maintenance of psoriatic lesions. For example, in bone marrow
transplants, those cells of the immune system may cause the appearance or
disappearance of psoriasis (Eedy et al. 1990; Gardembas-Pain et al. 1990).
Furthermore, several immunosuppressive agents targeting T cells were found to
induce the improvement of psoriasis (Ellis et al. 1986, 1991, Weinshenker et al.
1989; Nicolas et al. 1991; Poizot-Martin et al. 1991; Gottlieb et al. 1995). These
clinical findings indicate that psoriasis is a T cell-mediated immune dermatosis.

Psoriatic keratinocytes appear to be modulated by T-cell lymphokines in
vivo because they begin to express class II major histocompatibility complex
(MHC) and protein IP-10, molecules uniquely induced on the surface of ker-
atinocytes by interferon (IFN)-y (Morhenn et al. 1982; Terui et al. 1987; Gottlieb
et al. 1988). Indeed, IFN-y mRNA is detected in psoriatic epidermis (Barker et
al. 1991b). Later studies confirmed that T cell clones isolated from psoriatic
lesions could produce IFN-y (Prinz et al. 1994; Schlaak et al. 1994; Szabo et al.
1998). In addition, other proinflammatory cytokines such as 1L-143, IL-6, 11.-8,
growth-related oncogene &« (GRO-«), and transforming growth factor (TGF)-«
have also been reported to be increased in psoriatic plaques (Schroder and
Christophers 1986; Fincham et al. 1988; Elder et al. 1989; Grossman et al. 1989;
Takematsu and Tagami 1993; Bonifati et al. 1994; Debets et al. 1995; Gillitzer et
al. 1996; Kulke et al. 1996; Lundqvist and Egelrud 1997). These cytokines are
thought to be produced by activated keratinocytes as well as by infiltrating
macrophages and T cells.

In such T cell-mediated psoriatic lesions, neutrophils characteristically accu-
mulate not only under the stratum corneum, culminating in the formation of
Munro’s microabscesses, but also are observed at different levels of the stratum
corneum 1n the developed or maturated lesions as a result of their preceding cyclic
transepidermal migration (Ragaz and Ackerman 1979). It has been demonstrated
that neutrophils have an influence on the recruitment and function of T cells, 1.e.,
T cell-mediated delayed hypersensitivity responses (Kudo et al. 1993; Chertov et
al. 1996). Actually, similar neutrophil accumulation can also be seen in T
cell-mediated chronic joint lesions of rheumatoid arthritis (Kock et al. 1995;
De Gendt et al. 1996). These observations suggest that neutrophils also play an
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important role in the T cell-mediated immune responses rather than just accumu-
late there passively. However, the underlying mechanism is not fully understood
yet. The results of our study may be useful for deciphering it.

Neutrophil infiltration and chemotactic factors

Cyeclic transepidermal migration of neutrophils towards the stratum corneum,
a hallmark of the psoriasiform tissue reaction, suggests that the concentration of
neutrophil chemotactic factors should be highest at the subcorneal portion and
that these substances are possibly trapped in the stratum corneum. In fact, these
substances extracted from psoriatic scales enhance the adhesion, phagocytosis, and
respiratory burst of neutrophils in the lesional stratum corneum (Tagami et al.
1987). Further studies demonstrated that the concentration of C5a/Cba des arg
1s increased variably in psoriatic scales (Takematsu et al. 1986; Bergh et al. 1993),
whereas Interleukin (IL)-8 concentration is persistently high (Schroder and
Christophers 1986; Fincham et al. 1988; Takematsu and Tagami 1993), irre-
spective of the presence or absence of neutrophil accumulation in the lesional
epidermis (Takematsu and Tagami 1993) (Fig. 1). The latter finding in chroni-
cally inflamed lesions, even without Munro’s microabscess, suggests that 1L-8 1s
probably released by proliferating keratinocytes in psoriatic skin lesions and that
1t may be responsible for accumulation of T lymphocytes as well as neutrophils
(Larsen et al. 1989; Barker et al. 1991a). Furthermore, our colleagues (Takema-
tsu and Tagami 1993) demonstrated, by comparison of the concentrations of these
chemokines in scale extracts with neutrophil chemotactic activity that Cba/Cba
des arg levels correlate well with the chemotactic activity of the scale extracts.
This suggests its pathogenic role in the induction of cyclic transepidermal neutro-
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Fig. 1. A neutrophil-associated inflammation-boosting loop inducing acute
inflammation at localized areas within chronic plaque lesions. SC, stratum
corneum; EK, epidermal keratinocyte; PMN, polymorphonuclear leukocytes.
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phil chemotaxis. It also seems to agree with the fact that the inflammatory

changes in psoriatic lesions are not uniform even in the same lesions (Soltani and
Van Scott 1972).

Evidence for complement activation in psoriasts

Marley et al. (1982) detected complement abnormalities that were related to
activation of the alternative complement pathway in patients with active pso-
riasis. They found low serum properdin (P) concentrations in 12 of 20 patients
with psoriasis and their normalization as patients showed a clinical improvement
by the treatment (Rosenberg et al. 1990). Ohkohchi et al. (1989) also detected
high levels of the control proteins of alternative pathway, H and I, in psoriasis
patients compared to control subjects.

It has not been known how the aberrant complement activation occurs. We
carried out several experiments to investigate the mechanism, focusing on the close
relationship between the stratum corneum and neutrophils. We have reported
that the stratum corneum obtained from plantar callus of normal subjects
effectively activates complement in vitro via the alternative pathway to generate
chemotactic C5a anaphylatoxin (Terui et al. 1989a, 1989b) (Fig. 1). To facilitate
activation of the alternative complement pathway, its two essential components,
C3 and factor B, are produced in the skin by keratinocytes (Basset-Seguin et al.
1990). Furthermore, we recently demonstrated that such C3 is more effectively
produced by differentiated keratinocytes and that T-cell-derived cytokines such as
IFN-y and TNF « synergistically enhance the generation of C3 from these cells
(Terui et al. 1997) (Fig. 1).

The exact mechanisms that lead to complement activation in psoriatic skin
lesions, however, remain to be elucidated. Exocytosis of inflammatory cells into
the lesional epidermis results in damage of the basement membrane zone and the
overlying epidermal cells (Pinkus and Mehregan 1966). It is plausible that direct
exposure of the stratum corneum to tissue fluids containing complement compo-
nents may facilitate complement activation as suggested previously by our group
(Teru1 et al. 1989a, 1989b).

We frequently find parakeratotic hyperkeratosis around neutrophils
infiltrating the stratum corneum in psoriatic lesions (Van de Kerchief and
Lammers 1987). Furthermore, the existence of neutrophils and parakeratosis are
also consistent with underlying epidermal hyperplasia, which shows a high mitotic
rate (Cox and Watson 1972). Coexistence of neutrophils and parakeratosis 1s in
part explained by the tissue-destructive properties of active oxygen intermediates
and proteolytic enzymes that are released by activated neutrophils attached to the
stratum corneum (Kato et al. 1990, 1991) that are opsonized by 1C3b through the
alternative complement activation (Terui et al. 1995) as well as by the cytotoxic
effects of terminal complement complex (Fleming et al. 1996) (Fig. 1).
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A neutrophil-associated inflammation-boosting loop tnducing acute
mflammation within the chronic plague

It has been demonstrated that activated T cells in psoriatic skin lesions
produce lymphokines that induce not only epidermal cell proliferation but also
secretion of cytokines such as IL-1 and IL-8 by psoriatic epidermal keratinocytes,
which in turn augment the activation-state of T cells. This T cell-mediated
inflammation-sustaining loop provides a good explanation of the development and
the persistence of psoriatic epidermal hyperplasia associated with “chronic”
inflammation. However, there exist sites of “acute” inflammation unevenly
within the “chronic” inflammatory areas. As stated above, the lack of uniformity
of the “acute” inflammation seems to correspond well with variable levels of Cba/
Cba des arg demonstrable in the lesional stratum corneum, but not with the
persistently high levels of chemokines even in that of chronically inflamed sites
(Takematsu et al. 1986).

In general, the primary function of neutrophils in the immune responses
appears to be the phagocytic clearance of foreign pathogens and release of
inflammatory mediators including cytokines (Lopez et al. 1986; Jack and Fearon
1988; Cicco et al. 1990; Dubravec et al. 1990; Shirafuji et al. 1990; Bazzoni et al.
1991; Lord et al. 1991). They also constitutively express various surface pro-
teins, including Fec receptors, CR1, CR3, and MHC class I molecules (Matsumoto
et al. 1987; Petroni et al. 1988; Neuman et al. 1992). Antigen presentation to T
cells is mostly accomplished by professional antigen presenting cells, such as
macrophages, Langerhans cells, and dendritic cells. However, several other
non-professional types of cells also present antigens to CD4* T cells when MHC
class IT molecules are induced. It has been shown that human neutrophils can be
induced to express HLA-DR both in vitro (Gosselin et al. 1993; Smith et al. 1995;
Fanger et al. 1997) and in vivo (Mudzinski et al. 1995; Reinisch et al. 1996).
Neutrophils expressing HLA-DR by their treatment with granulocyte macro-
phage-colony stimulating factor (GM-CSF) and IFN-y were found to fail to
support activation of tetanus toxin-specific T cells probably due to lack of
expression of accessory molecules, B7-1 and B7-2 (Fanger et al. 1997). However,
a recent study confirmed that neutrophils are capable of directly activating T cells
under certain conditions where T cells can be activated by neutrophils expressing
HLA-DR by GM-CSF and/or IFN-y in the presence of bacterial superantigens
(Fanger et al. 1997). Our preliminary data demonstrated that neutrophils in the
psoriatic lesions were indeed HLA-DR positive. This suggests that HLA-DR"*
neutrophils may augment the activation-state of T cells in the psoriatic lesional
skin (Fig. 2).

We would like to propose a neutrophil-associated inflammation-boosting loop
that may well explain the localized “acute” inflammatory changes scattered
throughout chronic psoriatic plaques as well as those in acutely inflamed lesions
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Fig. 2. Interaction between T cells and neutrophils. HLA-DR positive neutro-
phils may augment the activation state of T cells in psoriasis.

of pustular psoriasis (Figs. 1 and 2). From the observations mentioned above, it
is likely that accumulation of neutrophils may not be simply a passive event in
psoriatic lesions but may actively influence T cells by further enhancing their
activation state. Subsequently, lymphokines released by such T cells stimulate
epidermal keratinocytes to produce IL-8 and C3 that facilitates complement
activation as well as neutrophil accumulation. Those neutrophils located in the
stratum corneum may influence keratinocytes to induce disturbances of epidermal
keratinization and underlying hyperproliferation. They also express HLA-DR
under the influence of IFN-y and GM-CSF in turn to potentiate T cells. Even
in the tuberculin test, the classic type of T cell-mediated delayed hypersensitivity
reactions, neutrophil infiltration has been noted (Kuramoto and Tagami 1989).
Neutrophils can appear at extremely inflamed portions of T cell-mediated immune
reactions (Kock et al. 1995; De Gendt et al. 1996). Thus, neutrophils infiltrating
into the lesional skin may play a pivotal role in the eliciting the acute
inflammatory responses in classic psoriatic lesions.

Cox~cLusION

Neutrophils seem to play an important role in the formation of “acute”
inflammatory changes in psoriasis, while “chronic” inflammation is well explained
by a T cell-associated inflammation-sustaining loop. As discussed in this review,
neutrophils are capable of potentiating the T cell-associated inflammation-
sustaining loop by activating both epidermal keratinocytes and T cells through
the production of cytokines, active oxygen intermediates, and proteolytic
enzymes, and their expression of HLA-DR on their surfaces. Thus, we propose a
neutrophil-associated inflammation-boosting loop as an inducer of “acute”
inflammation with focal infiltration of neutrophils in psoriatic lesions. We would
like to emphasize that the interaction of neutrophils and the stratum corneum
through complement activation have strong influence on this loop.
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