
ResponseofMurineandNormalHumanSkin to Injection
of Allogeneic Blood-Derived Psoriatic Immunocytes

Detection of T Cells Expressing Receptors Typically Present
on Natural Killer Cells, Including CD94, CD158, and CD161

Brian J. Nickoloff, MD, PhD; Tamara Wrone-Smith, PhD; Brian Bonish, MS; Steven A. Porcelli, MD

Background: The genetic and immunological basis for
psoriasis is unknown. Through the use of a severe com-
bined immunodeficient mouse–human skin model, T cells
have been shown to induce psoriasis, which points to a
pathological role for such immunocompetent cells. Dur-
ing ongoing studies using this model, a previously over-
looked subset of immunocytes expressing receptors typi-
cally present on natural killer (NK) cells was discovered,
which may shed new light on the genetic susceptibility
for psoriasis.

Observations: Immunocytes from a psoriatic patient
were injected into engrafted allogeneic normal human
skin and produced a psoriatic plaque. Moreover, the dis-
turbed epidermal environment spread to induce a greater
than 20-fold increase in thickness of adjacent mouse epi-
dermis with prominent elongation of rete pegs. Thus,
rather than observing the predicted graft-vs-host reac-
tion in the allogeneic human or xenogeneic mouse skin,
injection of psoriatic immunocytes triggered psoriasis.
To explore a potential mechanism to explain the lack of
cytopathic effect by psoriatic T cells, immunostaining to
detect inhibitory receptors normally present on NK cells
was performed. These receptors include surface mol-
ecules that can inhibit NK cell proliferation, cytokine re-
lease, and/or cytotoxicity (ie, killer cell inhibitory recep-
tors [KIRs]), as well as those that may activate NK cell
cytotoxicity (ie, killer cell activating receptors [KARs]).
The blood-derived psoriatic immunocytes in the skin graft
expressed CD94, CD158a, CD158b, NKB1, and CD161.

Furthermore, both hyperplastic human and murine ke-
ratinocytes express the major histocompatibility com-
plex (MHC) class I–like CD1d protein, which has been
shown to be a specific ligand of T cells expressing CD161
and other NK cell–associated receptors.

Conclusions: Since several KIRs and KARs are known to
recognize various class I MHC alleles, and because pso-
riasis inheritance and susceptibility has been linked to vari-
ous class I MHC molecules, we propose a novel hypoth-
esis in which the pathogenic T cells are postulated to
express an assortment of KIRs and KARs. These interac-
tions may produce direct activation without any exog-
enous antigen, and at the same time block the cytotoxic
effector function of these activated immunocytes in this
allogeneic and xenogeneic experimental setting. In addi-
tion, human T cells expressing CD161 may be capable of
interacting with human and murine CD1d expressed by
the epidermal keratinocytes. These unexpected findings
demonstrate that psoriasis is an immunological disease in
which pathogenic T cells rather than epidermal keratino-
cytes are of primary importance. Functional studies will
determine if targeting this previously overlooked popu-
lation of immunocytes with blocking reagents will gen-
erate a novel immunotherapeutic strategic pathway for pso-
riasis, and whether disease susceptibility and/or incidence
patterns can be explained by genetic abnormalities involv-
ing these ligand-receptor interactions.
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P SORIASIS IS a common and
enigmatic skin disease that
involves the interplay of re-
cruited blood-derived immu-
nocompetent cells and en-

dogenous dermal and epidermal cell types.
Progress in defining the genetic suscepti-
bility to the disease and the pathophysi-
ology of psoriasis has been hampered by
the lack of a suitable animal model. To in-
vestigate the pathological basis of psoria-
sis, we developed an animal model in
which human skin is engrafted onto se-
vere combined immunodeficient (SCID)

mice and then injected with blood-
derived superantigen-activated immuno-
cytes.1 In the past, investigators focused
on conventional T-cell subsets,2 but it is
now apparent that the search for patho-
genic T cells should include consider-
ation of T cells that may express recep-
tors typically present on natural killer (NK)
cells (NKRs).

Natural killer cells express inhibi-
tory receptors (KIRs) specific for major his-
tocompatibility complex (MHC) class I an-
tigens, thereby preventing NK cell–
induced lysis of self MHC class I–bearing
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target cells.3 In addition, killer cell activating receptors
(KARs) bearing some of the same features but with dis-
tinct intracellular signaling can also activate or promote
NK cell–mediated lysis of MHC class I–bearing tar-
gets.4-6 Both KIRs and KARs originally characterized on
NK cells can also be expressed by T cells.7 There is also
a subpopulation of so-called NK-T cells expressing CD161
with distinctive phenotypic and functional characteris-
tics.8,9 In contrast to KIRs/KARs, which recognize MHC
class I molecules, CD161+ NK-T cells mediate reactions
involving the nonclassical MHC-like molecule, CD1d.8,9

In humans, there are basically 2 distinct molecular
groups of KIRs and KARs.3-5 One group possesses 2 (ie,
CD158a and CD158b) or 3 (ie, CD158a, CD158b, and
NKB1) immunoglobulin-like domains with specificities for
either MHC class I molecules HLA-B or HLA-C. The sec-
ond group are C-lectin–type receptors, CD94/NKG2, and

CD161 with a broader recognition capability that in-
cludes, for CD94/NKG2, leader sequence peptides of a
broad range of MHC class I alleles presented by HLA-E.7

Certain cytokines such as interleukin (IL) 2 and IL-15 can
influence these surface receptors on superantigen-
activated T-cell subsets.10,11 Interleukin 15–induced ex-
pression of both CD94 and NKG2A on CD8+ T cells and
such phenotypic changes were accompanied by dramatic
functional alteration with reduced cytotoxic activity by T
cells induced to express these KIRs (ie, CD94/NKG2A).
Interestingly, in NK cells when CD94 is coexpressed with
NKG2C, but not NKG2A, or with truncated cytoplasmic
domains of CD158a and CD158b, recognition of appro-
priate class I–bearing target cells leads to activation of the
NK cell rather than an inhibitory response.6,12-14

As T cells bearing NKRs are capable of producing
large amounts of cytokines15 that include gamma inter-

PATIENTS, MATERIALS,
AND METHODS

PATIENTS

Keratome samples on NN skin were obtained, after in-
formed consent, from the healthy skin of 2 different pa-
tients who had no evidence of psoriasis and were other-
wise healthy. In addition, a separate punch biopsy specimen
from a chronic untreated plaque (PP skin) was obtained
from the same patient with psoriasis who donated blood.
Immunocytes used were derived from heparinized blood
from this patient, a 36-year-old woman with mild to mod-
erate plaque-type psoriasis who was not undergoing any
recent (past 6 months) or current treatment.

HUMAN SKIN/SCID MOUSE CHIMERA
AND TISSUE PROCESSING

Human skin xenografts of skin from healthy individuals
were orthotopically transplanted onto 7- to 8-week-old
CB17-SCID mice (Taconic Farms Inc, Germantown, NY)
following previously described procedures.1 Two to 3 weeks
after transplantation, autologous or allogeneic immuno-
cytes (2-4 3 106 cells) diluted in 300 µL of sterile phosphate-
buffered saline solution were injected intradermally into
the xenograft. Human skin/SCID mouse chimeras were
killed within 2 to 3 weeks of the last intradermal injec-
tion. Biopsy specimens were mounted on gum tragacanth
(Sigma Chemical Co, St Louis, Mo), snap frozen in liquid
nitrogen–chilled isopentane, and stored at –80oC.

IMMUNOSTAINING

Cryostat sections of skin were acetone fixed and stained
using either a highly sensitive avidin-biotin immunoper-
oxidase technique with 3-amino-4-ethylcarbazole to pro-
duce a positive-red reaction product as described,1 or an
indirect immunofluorescence procedure was performed. For
immunoperoxidase single-antigen staining, the following
antibodies were used to detect their respective antigens: anti-
CD3, CD4, CD8, CD57, and NKB1 (Becton-Dickinson,
Mountain View, Calif); anti-CD94 (clone Hp-3B1),

CD158a (clone EB6), CD158b (clone GL183), CD161 (clone
191B8), TIA-1, CD45RA, and monomorphic determinant
of HLA-A, HLA-B, and HLA-C (Coulter Corporation, Mi-
ami, Fla). Anti-CD45RO, CD45RA, IL-15, CD56, anti-
mouse Ly49, CD16, H2Dd, and CD1d (clone 3C11) were
purchased from PharMingen, San Diego, Calif. Human
CD1d was detected using clone NOR3.2 mAb (Biosource
International, Camarillo, Calif).

Two-color immunofluorescence staining was per-
formed using cryostat sections incubated with mouse anti-
human monoclonal antibody against the following anti-
gens: mouse antihuman CD94 (Coulter Corporation), mouse
antihuman CD158a (Coulter Corporation); and either rab-
bit antihuman CD4 (Coulter Corporation) or goat antihu-
man CD8 (RDI Corporation, Newark, NJ) was used at 10
µg/mL final concentration for 30 minutes at room tem-
perature. After washing in fluorescent antibody buffer (Difco,
Detroit, Mich), a rhodamine-conjugated goat antimouse
antibody (1:50 dilution; Biosource International), or fluo-
rescein isothiocyanate–conjugated antirabbit antibody
(Biosource International), or fluorescein isothiocyanate–
conjugated swine antigoat (Biosource International) was
added for 30 minutes at room temperature. For all these
reactions, after the last wash in fluorescent antibody buffer,
a mounting solution was applied (para-phenylenedi-
amine in glycerol) prior to using a cover slip. All slides were
examined and photographed using an Olympus (Tokyo,
Japan) AX-80 microscope.

CELL CULTURE STUDIES

Immunocytes from normal volunteers and a patient with
psoriasis were isolated from heparinized blood with the use
of Ficoll-Hypaque (Pharmacia LKB Biotechnology Inc, Pis-
cataway, NJ) density centrifugation. Samples of 1 to 2 3 106

peripheral blood mononuclear cells per milliliter were cul-
tured on tissue culture dishes (Corning Glass Works, Corn-
ing, NY) in complete media containing 10% heat-inacti-
vated autologous serum with or without 1 µg/mL each of
staphylococcal enterotoxins B and C2 (Toxin Technologies,
Sarasota, Fla) and 20 U/mL of human IL-2 (Boehringer
Mannheim Biochemicals, Indianapolis, Ind) for 72 hours
at 37°C in a humidified atmosphere containing 5% car-
bon dioxide as previously described.1
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feron (IFN-g), which by itself can cause psoriasis,16 and
because of the role of NK-T cells in regulating autoim-
mune diseases,17,18 we explored their potential role in pso-
riasis, a skin disease believed to be an autoimmune dis-
order.19 Engrafted symptomless skin from subjects with
psoriasis (PN skin) can be converted, using a novel SCID
mouse–human skin model, to full-fledged psoriatic
plaques (PP skin) by injection of superantigen-
activated immunocytes.1 Not only could autologous im-
munocytes consistently induce psoriatic lesions (5 dif-
ferent subjects), injection of activated allogeneic blood–
derived immunocytes from patients with psoriasis into
engrafted skin from healthy individuals without psoria-
sis (NN skin) created full-fledged psoriatic lesions in 3
of 6 mismatched patient combinations examined.20 It was
puzzling why activated allogeneic T cells would pro-
duce psoriasis rather than consistently provoking graft-
vs-host disease; however, graft-vs-host disease was ob-
served in 1 patient combination in this experimental
setting. Moreover, a recent report demonstrated that a
large percentage of intraepidermal CD8+ T cells in chronic
psoriatic plaques contained TIA-1 (a marker for cyto-
toxic granules), but without any evidence of a cyto-
pathic effect on adjacent keratinocytes.21 Taken to-
gether, these results suggested that while activated CD8+

T cells are present in acutely generated as well as stable
psoriatic plaques, lack of cytotoxic effects may involve
participation of surface receptors on these T cells that sup-
press cytotoxicity upon activation.

Another reason to suspect involvement of T cells
bearing NKRs in psoriasis was the discovery that phe-
notypic conversion of mouse skin occurred adjacent to
engrafted NN skin. As documented in this article, both
murine and normal human skin concomitantly devel-
oped into a psoriatic plaque following injection of im-
munocytes from a patient with psoriasis. Once again, not
only did psoriatic T cells fail to induce graft-vs-host dis-
ease in the allogeneic human skin (ie, no necrotic kera-
tinocytes, basal vacuolization, or subepidermal cleft for-
mation), but also no evidence of graft-vs-host disease was
observed in the xenogeneic mouse skin. Thus, it ap-
peared that these allogeneic immunocytes bearing the class
I and class I–like MHC receptors CD94, CD158a, CD158b,
NKB1, and CD161 provoked a keratinocyte and endo-
thelial cell hyperplastic response highly characteristic of
psoriasis in both human and mouse skin. Since murine
CD1d can be recognized by human NK-T cells,22 such
molecular interactions may be involved in cross-talk be-
tween human immunocytes and murine keratinocytes.
While CD1d has previously been detected only on in-
testinal epithelial cells,23 our current article provides the
first documentation that epidermal keratinocytes also ex-
press CD1d.

RESULTS

Engrafted skin from healthy individuals injected with
phosphate-buffered saline solution but no immuno-
cytes had a normal epidermal thickness (mean [ ± SD]
rete length, 68 ± 14 µm) and a stratum corneum with-
out parakeratosis, an intact granular cell layer, and rare
CD3+ T cells in the upper dermis. A different NN skin

sample after engraftment and injection of autologous ac-
tivated immunocytes revealed no psoriasis in either the
human or mouse skin (mean [ ± SD] murine epidermal
thickness, 23 ± 6 µm), and low numbers of scattered CD3+

T cells were present in both human and mouse dermis
(data not shown). In contrast to these grafts, when NN
skin was injected with allogeneic-activated immuno-
cytes from a patient with psoriasis, there were clinical
changes noted that included scaling, erythema, thicken-
ing, and an angiogenic tissue reaction (data not shown)
as well as massive epidermal hyperplasia (Figure 1, A)
(mean [ ± SD] rete length for human and mouse skin,
593 ± 86 µm and 547 ± 92 µm, respectively). Interest-
ingly, it was noted by routine light microscopy under im-
munohistochemical staining for human monomorphic
HLA-A, HLA-B, and HLA-C determinants (Figure 1, A)
that, while engrafted skin in the plaque had relatively uni-
formly increased epidermal thickness, approximately 40%
of the plaque contained parakeratotic scale and loss of
the granular cell layer (Figure 1, A, at left), while the other
60% of the plaque had no parakeratotic scale with in-
creased and prominent granular cell layer (Figure 1, A,
at right). The former portion represented human epider-
mis (Figure 1, A, at left), whereas the latter portion did
not express these human class I MHC antigens (Figure
1, A, at right), suggesting it was murine epidermis.

In more than 3 years of examining a wide variety of
injected human and murine skin samples engrafted onto
CB17-SCID, ICR-SCID, and CB17-SCID/Beige strains of
mice, we have never observed anything closely resem-
bling this extent of epidermal thickening with such ex-
tensive and uniform elongation of rete pegs by mouse epi-
dermis. Occasional murine class I MHC+ cells were present
in dermis underlying the human epidermis; however, in
those areas of epidermis with compacted stratum cor-
neum and granular cell layer, the epidermis was dif-
fusely and strongly positive for murine H-2D expres-
sion (Figure 1, B).

In the human skin portion of the plaque, human der-
mal and epidermal CD3+ T cells were present in a non-
random fashion, similar to the appearance of autolo-
gous immunocytes and symptomless skin from subjects
with psoriasis.1 Human CD4+ T cells were conspicuous
in both the epidermal and dermal compartments, com-
pared with CD8+ T cells, which were more conspicuous
in the epidermis compared with the dermis (data not
shown). Examination for TIA-1–positive cells revealed
numerous intraepidermal and upper dermal immuno-
cytes in the human skin graft (Figure 1, C), resembling
psoriatic plaques directly obtained from patients.21 To de-
termine if the lack of any cytopathic effect (ie, no graft-
vs-host disease) of these allogeneic CD4+ and CD8+ T cells
in the engrafted human skin could be related to the pres-
ence of KIRs, the samples were stained to detect CD94,
CD158a, CD158b, and NKB1. While less than 1% of pe-
ripheral blood-derived T cells express KIRs and/or KARs,
numerous intraepidermal and dermal CD94+ immuno-
cytes were identified in the human portion of the psori-
atic lesion (Figure 1, D). There were approximately half
as many immunocytes expressing CD158b, a quarter as
many cells expressing NKB1, and fewer than 10% of cells
expressing CD158a (data not shown). Also, only rare hu-
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man NK cells (ie, CD57+) were present (fewer than 1%)
in the psoriatic plaque. When the skin graft from healthy
individuals injected with autologous immunocytes was
examined for CD94 expression, only occasional CD94+

cells were present in the dermis (data not shown).
Examination of the murine portion of the skin le-

sion (selected from sites with no parakeratosis and promi-
nent granular cell layer) revealed numerous human CD3+

T cells infiltrating dermis and epidermis. As was seen in
the human portion of the skin graft, almost all of these
infiltrating T cells in the murine skin were human
CD45RO+ (ie, memory) with only rare CD45RA+ (ie, na-
ive) T cells. Since IL-15 can induce CD94 expression on
T cells,11 we explored its expression and found IL-15 pri-

marily in upper dermal macrophagelike cells (data not
shown).NumerousCD94positive immunocyteswerepres-
ent in the epidermis and upper dermis of murine skin.
There were also scattered NKB1+ immunocytes, and
CD158b+ immunocytes, with only very rare CD158a+ im-
munocytes (data not shown). In addition to these hu-
man immunocytes infiltrating the mouse skin, scattered
murine CD16+ immunocytes were present in mouse epi-
dermis and dermis. In this murine CD16+ population of
mononuclear cells, scattered murine cells expressing Ly49
were identified. Nonspecific staining using purified mouse
immunoglobulin revealed no reactivity. Injection of pso-
riatic immunocytes into mouse skin devoid of any hu-
man skin xenografts revealed no substantial keratino-

A B

C D

Figure 1. A, Injection of allogeneic psoriatic blood-derived immunocytes into skin from healthy individuals without psoriasis induces psoriatic plaque in both
human skin (left, red-stained cells immunoreactive for human HLA-A, HLA-B, and HLA-C) and mouse epidermis (right, nonreactive for human HLA-A, HLA-B, and
HLA-C). Note the infiltration of human immunocytes in both human and mouse dermis (original magnification 340). B, Skin from healthy individuals injected with
allogeneic psoriatic immunocytes stained to detect mouse H2D antigen reveals that half of the graft contains mouse epidermal keratinocytes (original
magnification 380). C, The human skin side of the graft contains TIA-1–positive T cells in the dermis and epidermis. D, The human skin side of the graft contains
CD94+ immunocytes in the dermis and epidermis (original magnification 3100). Immunoperoxidase stain used for all panels.
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cyte hyperplasia or angiogenic tissue response and no
trafficking of human cells into mouse epidermis (data not
shown). To determine which type of T cell was express-
ing CD94, 2-color immunofluorescence staining was per-
formed. Examination of these double-labeled slides re-
vealed that both CD4+ and CD8+ T cells included subsets
that expressed CD94 (data not shown).

Based on these SCID mouse results, we also exam-
ined the biopsy specimen of a plaque directly removed
from the same patient with psoriasis from whom immu-
nocytes were obtained and observed the presence of nu-
merous TIA-1–positive T cells in epidermis and dermis
(data not shown), as well as scattered CD161+, CD94+,
and CD158b+ immunocytes in the epidermis (Figure 2).

To explore the possibility that human CD161+ T cells
were involved in the hyperplastic response of both mu-
rine and human epidermis via interaction with CD1d, the
psoriatic plaque removed from the SCID mouse was im-
munostained to detect CD1d and CD161 (Figure3). The
human skin portion of the graft had CD1d expression deco-

rating the plasma membrane of keratinocytes in the mid
and upper levels of the epidermis (Figure 3, A), and the
murine portion of the graft also had prominent CD1d ex-
pression of the keratinocyte plasma membranes produc-
ing a “chicken-wire” pattern (Figure 3, B). CD161+ im-
munocytes were present infiltrating both the human and
the murine portions of the graft (Figure 3, C).

COMMENT

These unexpected results obtained using the SCID mouse–
based animal model indicate that the primary defect in
psoriasis is most likely related to the immunocyte rather
than the keratinocyte. Thus, even skin obtained from nor-
mal healthy individuals can be phenotypically con-
verted to psoriasis by transfer of immunocytes obtained
from the blood of a patient with psoriasis. Previous stud-
ies1,24-27 that highlight the primary pathogenic role for the
immune system in psoriasis also provide support for this
conclusion. Not only can psoriatic T cells cause skin le-

A B C

Figure 2. Psoriatic plaque obtained from the same patient as in Figure 1 who donated blood used in the xenograft experiments reveals (A), numerous CD161+

immunocytes (original magnification 350), (B), intraepidermal CD94+ immunocytes (arrows) (original magnification 380), and (C), CD158b+ immunocytes
(arrows) (original magnification 3100). Immunoperoxidase stain used for all panels.

A B C

Figure 3. Human epidermis (A), original magnification 3200 and murine epidermis, (B), original magnification 3200) with prominent CD1d expression
highlighting the plasma membrane of midlevel and upper-level keratinocytes. In B, arrows indicate the granular cell layer. C, Engrafted skin (original magnification
390), with the human component left of the large arrow and the murine component on the right, contains human CD161+ immunocytes infiltrating both human
and murine epidermis (small arrows). Immunoperoxidase stain used for all panels.
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sions in humans and mice, the current studies also in-
dicate a potential role for KIRs and/or KARs and CD161
and/or CD1d in psoriasis. Indeed, immunostaining of a
stable untreated plaque removed from the same patient
with psoriasis who donated the blood revealed intraepi-
dermal immunocytes that expressed CD94, CD158b,
and CD161. Thus, T-cell subsets expressing KIRs and/or
KARs such as CD94 and/or CD161 may play a previously
overlooked role in psoriasis. Even though the overall
number of T cells expressing CD94, CD158a, CD158b,
NKB1, and CD161 was less than 10% of the total intra-
epidermal T-cell population, they still may be an impor-
tant component of the pathogenic T-cell population.
This possibility is highlighted by findings in allergic
contact dermatitis in which the frequency of pathogenic
antigen-specific T cells is established to be less than 1%,
and may even be less than 0.1% of total T cells.28

Based on this line of inquiry, we suggest a novel hy-
pothesis that may explain the genetic basis and immu-
nobiological pathway responsible for causing this skin
disease emphasizing the potential role of KIRs and/or
KARs expressed by pathogenic T cells. First we will con-
sider the genetic analysis of psoriasis. Even though a spe-
cific gene has not been consistently identified, there seems
to be a consensus that the MHC class I region of chro-
mosome 6 holds the most promise for determining dis-
ease susceptibility and incidence.29,30 Current dogma has
pointed to the ability of class I alleles to present foreign
peptides to CD8+ T cells,31 and the finding that intra-
epidermal CD8+ T cells are of clonal origin supports such
a notion.32 However, rather than considering the involve-
ment of an exogenous antigen,33 we postulate that it may
be the direct activation of T cells bearing receptors for
MHC class I that triggers psoriasis.20,34

Human CD8+ T cells expressing NKRs for class I
MHC molecules that represent oligoclonally or mono-
clonally expanded populations have been observed in pe-
ripheral blood.35 As one examines class I alleles fre-
quently implicated in psoriasis from the KIR and KAR
perspective, several correlations become apparent. Per-
haps the most striking and intriguing correlation in-
volves HLA-C. The specific region of this HLA molecule
influencing KIR and KAR recognition has been deter-
mined to involve amino acid residues 77 and 80.35 In-
terestingly, if alanine is present at position 73 of HLA-C,
there is a strong correlation to psoriasis.36 Thus, we pos-
tulate that certain alleles, or mutations in class I alleles
or CD1d, may trigger T-cell activation by KAR-bearing
or CD161+ autoreactive T cells that were not appropri-
ately deleted during development in an analogous fash-
ion as NK cells are triggered.37 Since CD94 and CD161
have a lectin domain, carbohydrate moieties attached to
or bound by class I alleles or CD1d may also be impor-
tant, and the appropriate carbohydrate-bearing mol-
ecule expressed by either normal human skin or by mu-
rine skin within the milieu of the relevant cytokine
network38 may be able to trigger the direct activation of
the KAR-bearing pathogenic T cell subset. The mecha-
nism by which CD94 and other KIRs and/or KARs are
up-regulated in this model system is unknown.10,11

A second component of this hypothesis is that since
CD8+ T cells and NK cells are derived from a common

precursor and can serve similar immunological func-
tions,39 there may also be involvement of KIR-like mol-
ecules that suppress the cytopathic effector pathway.40

Many CD8+ T cells expressing TIA-1 are present but do
not damage the surrounding allogeneic and xenogeneic
keratinocytes. We postulate that the overall expression
of KIRs and/or KARs41 on the pathogenic T cells in pso-
riasis is configured in such a way that the immunocytes
are directly triggered by the aforementioned class I MHC
receptors to release cytokines and cause psoriasis but do
not damage or kill the keratinocytes. Clearly there are
considerably more TIA-1–positive cells than CD94+,
NKB1+, CD158a+, and CD158b+ cells, suggesting that other
molecules may be present to inhibit cytotoxicity. We also
cannot exclude the possibility that there is a peptide as-
sociated with the class I MHC molecules, but at least one
report established that there is a peptide-independent rec-
ognition pathway.42

B ESIDES CLASSIC class I MHC molecules, there
are several other class I genes that may be
relevant in this clinical setting.43-46 In ad-
dition, the MHC class I–like molecules such
as CD1d may be involved in psoriasis. Com-

pared with normal human skin, there is extensive over-
expression of CD1d by the hyperplastic keratinocytes in
psoriasis (B.J.N., unpublished data, 1998), as reflected
by this engrafted human skin sample. Future studies are
required to confirm the possibility that the human CD161+

immunocytes are capable of interacting with the mu-
rine epidermal keratinocyte CD1d in vivo, as has been
observed in vitro.22 It will also be important to deter-
mine which (if any) glycolipids may be participating in
the CD1d-mediated activation of CD161+ T cells, and
whether the altered stratum corneum in psoriatic plaques
is the source of such glycolipids.9,22,23

While we have been critical of other animal models
of psoriasis for not possessing relevant histological fea-
tures, the current results indicate that mouse epidermis
can become significantly more hyperplastic than previ-
ously recognized with extremely elongated rete pegs.47 In-
terestingly, even with this degree of acutely induced ke-
ratinocyte hyperplasia, the granular cell layer in the murine
skin graft was preserved. This histological feature also has
implications for understanding the differentiation path-
way operative in psoriasis.48 Since single injections of patho-
genic immunocytes directly into SCID mouse dermis de-
void of human skin does not provoke keratinocyte or
endothelial cell hyperplasia, the striking murine response
clearly required the presence of a disturbed human epi-
dermal and dermal environment in adjacent skin. Func-
tional studies are underway to elucidate the stimulus trig-
geringKIRandKARexpressionbypathogenic immunocytes
in vivo, and to determine if blocking this novel pathway
will prevent psoriasis. It is possible that psoriasis is so preva-
lent worldwide because these previously overlooked im-
munocytes with NKRs provide important innate-immune
functions against infectious and neoplastic insults, which
would explain why these conditions are less frequent in
patients with psoriasis.30 Learning more about this subset
of immunocytes may also be relevant in other cutaneous
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disorders. In conclusion, the SCID mouse–based xeno-
transplantation model involving human skin continues to
provide new insights into the etiology and pathophysiol-
ogy of psoriasis.
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