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Injection of Pre-Psoriatic Skin with CD4+ T Cells

Induces Psoriasis
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Psoriasis is an immunologically mediated skin disease
linked to several different class I major histocompat-
ibility complex alleles. However, the phenotype of
the pathogenic lymphocyte and nature of the T cell
activating event which triggers conversion of symp-
tomless (PN) skin into psoriatic plaques (PP skin) is
unknown. This study extends our previous observa-
tions in which autologous blood-derived immuno-
cytes were injected into PN skin engrafted onto SCID
mice to produce full-fledged PP lesions. The first ques-
tion addressed is whether injected CD4+ T cells or
CD8+ T cells were responsible for phenotypic con-
version of PN to PP skin. In five different patients only
CD4+ but not CD8+ T cell lines produced psoriatic
lesions. Next, immunological events occurring within
PN skin following injection of CD4+ T cells in grafts
that had sufficient tissue available for detailed analy-
sis was examined. In two patients, intraepidermal
resident CD8+ T cells were induced to proliferate
during lesion development, expressing acute activa-
tion markers CD25 and CDG69. In another patient,
injection of CD4+ T cells revealed CD69 expression
by intraepidermal CD4+ as well as CD8+ T cells. To
explore the molecular basis for local T cell activation
and proliferation, we discovered that intraepidermal
immunocytes, including both CD4 and CD8+ T cells,
expressed surface receptors (ie, CD94, CD158a,
CD158b) typically confined to natural killer cells (ie,
natural killer receptors; NKRs) accumulated immedi-
ately before onset of acute lesions. The presence of
NKR bearing immunocytes was also observed in 10 of
15 different biopsies of chronic plaques taken directly
from patients, whereas PN skin (# = 8) or normal
skin from healthy donors ( = 8), did not contain
such NKR positive immunocytes. Of particular rele-
vance to psoriasis is that these NKRs recognize vari-
ous class I alleles including those typically inherited
by psoriatic family members such as HLA-C and
HLA-B allotypes. We conclude that injection of CD4+
T cells into PN skin triggers a series of local immuno-
logically mediated stimulatory events that produce
further T cell activation and appearance of both CD4
and CD8+ T cells that express NKRs. (Am J Pathol
1999, 155:145-158)

Psoriasis, a common skin disease, results from the inter-
play between environmental and inherited triggering fac-
tors.” Many groups are examining the genetic transmis-
sion of this disease to elucidate the gene(s) responsible
for causing the phenotypic conversion of symptomless
(PN) skin into psoriatic plaques (PP skin). Although dif-
ferent groups have reached somewhat conflicting results
regarding the chromosomal location for the putative pso-
riasis locus, the most consistent and striking linkage as-
sociation in psoriasis appears to involve class | major
histocompatibility complex (MHC) alleles.?

Immunodermatologists familiar with this class | asso-
ciation have focused predominantly on CD8+ T cells,
because such cells generally recognize processed pep-
tides displayed by antigen presenting cells in the context
of class | MHC cell surface molecules.® Many immuno-
phenotypic studies of psoriasis have been performed,
and most document the presence of CD8+ T cells in
epidermis, whereas CD4+ T cells tend to predominate in
the dermal compartment, with only rare incidental natural
killer (NK) cells in dermis.* Even in psoriatic lesions that
are only three days old, CD8+ T cells begin accumulat-
ing in the epidermis.® Furthermore, when peripheral
blood-derived mixtures of CD4+/CD8+ T cells are in-
jected into PN skin engrafted onto SCID mice, the induc-
tion of PP skin is characterized by preferential migration
of CD8+ T cells into the hyperplastic epithelium.® The
reports identifying a clonal population of intraepidermal
CD8+ but not CD4+ T cells in PP skin,” as well as
statistically significant reduction in the intraepidermal
CD8+ T cell population after successful immunospecific
therapy,® all support a key role for CD8+ T cells and their
interaction with epidermal cells. However, to date it has
not been possible to explain the exact role of the various
MHC class | alleles in psoriasis, because no one has
consistently identified any specific peptide antigen re-
sponsible for causing psoriasis.®'©

Against this backdrop, it was unexpected to observe
that when T cell cultures were established from the pe-
ripheral blood of five different patients, all of the CD4+ T
cell lines (5/5), but none (0/5) of the CD8+ T cells lines,
were capable of inducing PN-to-PP conversion using
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the SCID mouse model.'" By examining engrafted skin
injected with CD4 + T cells, only a small fraction of the
overall mononuclear population expressed the T cell
acute activation marker, CD69.'? Further analysis in 2 of
5 patients revealed the majority of the CD69-positive cells
were actually CD8+ cells, and these positive cells were
associated with the epidermal compartment, as mid- and
deep dermal lymphocytes were CD69-negative. This re-
sult suggested that, like allergic contact dermatitis reac-
tions, which early psoriasis lesions can simulate, "> CD4+
T cells were providing critically important help signals in
a regulatory fashion, whereas the actual effector cells
may be CD8+ immunocytes.'* As we considered a pos-
sible role for class | MHC antigens in psoriasis, we began
focusing on NK receptors (NKR) used by NK cells to
interface with targets involving self/nonself determinants
triggered via class | MHC recognition.™ NK cells are one
of the three lineages of lymphocytes, besides T cells and
B cells, that are most clearly identified with the control of
viral infections and tumor development.’® Although pre-
vious investigators found only very rare NK cells in pso-
riatic plaques* and no difference in NK cell activity in the
blood of patients with psoriasis compared to normal in-
dividuals,'” we identified immunocytes in skin of psoriatic
patients expressing NKRs. As T cell subsets in blood
have been identified that express NKRs, the emphasis in
other systems has been on defining the inhibitory role of
these receptors, highlighting the notion that CD8+T cells
bearing such inhibitory NKRs (killer inhibitory recep-
tors)'® would not lyse autologous normal class | MHC-
bearing cells.

In this report, we present several findings, including i)
CD4+ but not CD8+ T cell lines derived from peripheral
blood are capable of converting PN skin engrafted onto
SCID mice to PP skin after intradermal injections; ii) after
injection of CD4+ T cells, local restimulation of indige-
nous CD8+ T cells as well as CD4+ T cells occurs as
intraepidermal lymphocytes are induced to express
CD69 and CD25; and iii) identification of immunocytes
expressing various NKRs (ie, CD94, CD158a, CD158b) in
both acute and chronic lesions of psoriasis.

Based on this data we suggest a novel hypothesis for
psoriasis in which direct recognition and interaction of
these NKRs with class | MHC alleles may play a role in the
development of psoriasis. In essence we propose that
various MHC class | alleles themselves (rather than ex-
ogenous peptide antigens) are responsible for directly
triggering T cells bearing the activating forms of CD94/
CD158a/CD158b. Upon examination of MHC class
alleles most likely involved in psoriasis, such as Cw6,
and comparison of this list to the types of class | alleles
that interact with NKRs, a correlation between these li-
gand/receptors can be appreciated.’® Taken together,
these results suggest a new etiological and pathophysi-
ological pathway in which immunocytes are postulated to
be triggered to release cytokines and proliferate by using
receptors typically confined to NK cells, thereby interfac-
ing with class | MHC surface molecules on epidermal
cells.

Materials and Methods

Patients

The psoriasis patients in this study were otherwise
healthy. After obtaining their informed consent, keratome
samples were obtained from symptomless (PN) skin (n =
5, 2 females, 3 males) or from untreated active psoriatic
plaques (PP skin) (n = 15). Samples from normal volun-
teers without any skin disease (NN skin) (n = 8) were also
obtained under local anesthesia. In addition, a separate
set of PN skin biopsies (n = 8) was analyzed using
immunohistochemical staining.

Human Skin/SCID Mouse Chimera and Tissue
Processing

Human skin xenografts were orthotopically transplanted
onto 7- to 8-week-old SCID mice (Taconic Farms, Ger-
mantown, NY) following previously described proce-
dures.® Briefly, human skin xenografts measuring 1.5 X
1.5 X 0.5 cm were sutured to the flank of SCID mice with
absorbable 5-0 Vicryl Rapide suture (Ethicon, Somer-
ville, NJ) and covered with Xeroform dressings (Kendall
Co., Mansfield, MA). Dressings were removed 1 week
later and animals maintained pathogen-free throughout
the study. Two to three weeks after transplantation, au-
tologous cells or reagents diluted in sterile PBS were
injected intradermally (300 ul vol) into the xenograft. Hu-
man skin/SCID mouse chimeras were killed within 2-3
weeks of the last intradermal injection, and 4-mm punch
biopsies (Baker’s Biopsy Punch, Cummins Derm, Miami,
FL) were obtained from each xenograft. Biopsies were
fixed in neutral-buffered formalin for paraffin embedding
and/or mounted on gum tragacanth (Sigma Chemical
Co., St. Louis, MO), snap-frozen in liquid nitrogen-chilled
isopentane, and stored at —80°C.

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,® or an
indirect immunofluorescence procedure was performed.
For immunoperoxidase single antigen staining the follow-
ing antibodies were purchased to detect their respective
antigens: anti-CD3, CD4, CD8, CD16, CD25, CD57,
CD69, and «a/B TCR (Becton-Dickinson, Mountain View,
CA), and anti-CD94 (clone Hp-3B1), CD158a (clone
EB6), CD158b (clone GL183) were purchased from
Coulter Corp. (Miami, FL). Anti-CD56 was purchased
from PharMingen (San Diego, CA).

Two-color immunofluorescence staining was per-
formed using several different protocols. In the first
method, cryostat sections were incubated with mouse
anti-human monoclonal antibodies against the following
antigens: mouse anti-CD94, mouse anti-CD158a, mouse
anti-CD158b (all Coulter Corp.), or mouse anti-CD25 or
anti-CD69 (Becton-Dickinson), all at 10 ug/ml final con-
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Figure 1. Compared to unfractionated Ficoll-Hypaque derived immunocytes (right side panels), injected CD4+ T cells also induce PN-to-PP conversion (middle
panels), but CD8+ T cells do not cause psoriasis lesions (left side panels). Upper and middle horizontal panels portray clinical features in which surface scale
production and underlying dermal angiogenesis is seen for PN skin converted to PP skin. Lower horizontal panels reveal immunostaining to detect CD3 (pan

T cell marker).

centration for 30 minutes at room temperature. After
washing in FA buffer (Difco, Detroit, MI), a rhodamine-
conjugated goat anti-mouse antibody was added (1:50
dilution; Biosource International, Camarillo, CA) for 30
minutes at room temperature. All of the cells exposing
these antigens appeared red due to the rhodamine con-
jugate in the reaction. To saturate unoccupied binding
sites, sections were then incubated with mouse serum
(Chrompure mouse IgG, 10 ug/ml, Jackson Immunore-
search, West Grove, PA). To identify colabeling in the
tissue sections, two different strategies were used. Bio-
tinylated conjugated secondary antibodies were used to
detect the following antigens: mouse anti-CD3 (Becton-
Dickinson), mouse anti-CD8 (Coulter Corp.), and mouse
anti-TCR «/B (Becton-Dickinson) were added at 10 ug/ml
for 30 minutes at room temperature and washed with FA
buffer. Next, streptavidin-FITC conjugate (1:50 dilution,

PharMingen) was added for 30 minutes at room temper-
ature, producing a green fluorescence product for these
antigens. To visualize CD4, a second reaction scheme, in
which a rabbit anti-human CD4 (Immunodiagnostics,
Bedford, MA) (1:5 dilution) followed by the secondary ab,
with a goat anti-rabbit FITC-conjugated ab was used at
1:25 dilution (Biosource International). For all these reac-
tions, after the last wash in FA buffer, a mounting solution
was applied (para-phenylenediamine in glycerol) before
coverslipping. All slides were examined and photo-
graphed using an Olympus AX-80 microscope.

Cell Culture Studies

Autologous immunocytes were isolated from heparinized
blood by Ficoll-Hypaque (Pharmacia LKB Biotechnology,
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Figure 2. Flow cytometry profile of CD4+ T cell line (day 23 in culture)
established from peripheral blood using bacterial superantigens and IL-2,
followed by negative selection to remove all other cell types and continued
propagation using IL-2. Note that compared to isotype controls, the cell
population is CD3+ CD4+ T cells (>95%), with only rare CD8+ T cells.

Piscataway, NJ) density centrifugation. 1-2 X 10° periph-
eral blood mononuclear cells (PBMC)/ml were cultured
on tissue culture dishes (Corning Glass Works, Corning,
NY) in complete media containing 10% heat-inactivated
autologous serum in RPMI-1640 containing 24 mmol/L
HEPES (GIBCO BRL, Gaithersburg, MD) supplemented
with 2 mmol/L L-glutamine, 100 U/ml penicillin, 100 ug/ml
streptomycin, and 50 ug/ml gentamicin (GIBCO BRL).
Immunocytes were cultured in complete media with or
without 1 ug/ml each of staphylococcal enterotoxins SEB
and SEC2 (Toxin Technologies, Sarasota, FL) and 20
U/ml human interleukin (IL)-2 (Boehringer Mannheim, In-
dianapolis, IN) for 72 hours at 37°C in a humidified atmo-
sphere containing 5% CO,. CD4+ and CD8+ T cell lines
were produced by negative selection and continued ex-

CD4+|

CDS8+

—

posure to IL-2. Such cells lines were >98% pure CD4+ or
CD8+ T cells after the first several weeks in culture, as
determined by flow cytometry. In addition, T cell lines
were produced using immobilized anti-CD3 mAb and
IL-2.

Results

Injection of CD4+ T Cell Lines but not CD8+ T
Cell Lines Induced Psoriasis

In preliminary experiments, while using unfractionated
Ficoll-Hypaque interface-derived immunocytes, the re-
moval of the CD4+ T cell population by magnetic bead
selection immediately before injection abrogated the abil-
ity of the injected immunocytes to induce psoriasis. How-
ever, in these same two patients, removal of CD8+ T cells
from the Ficoll-Hypaque interface mononuclear cells did
not alter the conversion of PN to PP skin (data not shown).
Based on these results we further studied an additional
five patients to determine whether highly enriched spe-
cific T cell subsets were capable of inducing psoriasis
without the other cell types typically present in the Ficoll-
Hypaque interface, such as monocytes, macrophages,
NK cells, B lymphocytes, or dendritic cells. T cell lines
were generated from Ficoll-Hypaque interface cells stim-
ulated 1-2 weeks with superantigens and IL-2. CD4+ or
CD8+ T cell lines were expanded and maintained in IL-2
containing medium following negative selection. CD4+

Figure 3. Using immobilized anti-CD3 mAb and IL-2, activated CD4+ T cells but not CD8+ T cells induce PN-to-PP conversion (thick, scaly skin with angiogenic
tissue response, and epidermal hyperplasia). After CD4+ T cell injection, there is loss of granular cell layer, parakeratosis, elongation of rete pegs and influx of
lymphocytes into epidermis (all histological hallmarks of psoriasis). In contrast, after CD8+ T cell injection, numerous lymphocytes are present in dermis, but with

no change in the stratum corneum, granular cell layer, or epidermal thickness.
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Figure 4. Following intradermal injection of CD4+ T cell, numerous CD4+ T cells are present in the hyperplastic epidermis with only rare CD8+ T cells in the
epidermis and diffuse keratinocyte HLA-DR expression. Following intradermal injection of CD8+ T cells, only rare scattered CD4+ T cells in the dermis are seen
as well as CD4+ Langerhans cells in the epidermis. Upper dermal collections of CD8+ T cells include HLA-DR-positive mononuclear cells and focal epidermal

keratinocyte HLA-DR expression.

and CD8+ T cells were injected into PN skin after being
in culture for various durations (19, 21, 22, 25, and 35
days). Comparing the clinical and microscopic appear-
ance of PN grafts injected with unfractionated/acutely
activated Ficoll-Hypaque derived immunocytes (days
2-4) to PN skin injected with CD4+ T cell lines (but not
CD8+ T cells), induction of psoriasis was seen to be
similar between these populations of immunocytes (Fig-
ure 1). The lower horizontal panels reveal the distribution
of CD3+ T cells after injection of either CD8+ T cells (left
side), CD4+ T cells (middle), or unfractionated Ficoll-
Hypaque cells, including both CD4+ and CD8+ T cells
(right side). Note that although T cells are seen at the
dermal-epidermal interface in the left side panel, they do
not trigger significant epidermal hyperplasia, but in the
middle and right side panels, numerous T cells infiltrate
the epidermis, accompanied by prominent keratinocyte
hyperplasia.

A representative flow cytometry profile of a CD4+ T
cell line is presented in Figure 2. Note that >95% of the
CD3+ lymphocytes are CD4+, with rare CD8+ T cells
among these cultured cells. In two of these five patients,
we also used immobilized anti-CD3 mAb and IL-2 (rather
than bacterial superantigens) to stimulate CD4+ and
CD8+ T cells and observed that only injected CD4+ T

cells, but not CD8+ T cells, induced PN-to-PP conversion
(Figure 3). The lack of PN-to-PP conversion by CD8+ T
cells was not due to a lack of survival or absence of
stimulated CD8+ T cells, as immunostaining of injected
PN skin revealed scattered CD8+ T cells in the upper
dermis and lower epidermis (Figure 4). Moreover, using
human leukocyte antigen-DR (HLA-DR) expression, the
PN grafts injected with the CD8+ T cells had prominent
HLA-DR staining of the lymphocytes in the upper dermis
and even focal areas of keratinocyte expression, al-
though much more intense and diffuse keratinocyte
HLA-DR expression was seen after injection of CD4+ T
cells. This latter finding strongly suggests the presence of
v interferon (IFN-vy) production by the activated dermal
mononuclear cell population. Furthermore, when these
CD4+ and CD8+ T cell lines were examined immediately
before injection into PN skin, flow cytometric analysis
revealed that 22% of CD8+ T cells versus 14% of CD4+
T cells expressed CD69, indicating that a significant frac-
tion of CD8+ T cells was acutely activated. Taken to-
gether, all of these results indicated that highly purified
and activated CD4+ T cells, but not CD8+ T cells, were
capable of mediating PN-to-PP skin conversion. In the
next section, we characterized the local immunological
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Figure 5. Appearance of CD8+ T cells in epidermis following dermal injec-
tion of highly purified CD4+ T cells. CD3 staining of injected CD4+ T cells
(A). CD4+ staining demonstrating scattered lymphocytes in epidermis (B)
and dermis (C). CD8+ staining demonstrating numerous intraepidemal
CD8+ lymphocytes (D). Note even though only CD4+ T cells were injected
into the dermis, CD8+ T cells outnumber CD4+ T cells in the epidermis.

reactions occurring after injection of CD4+ T cells into PN
skin.

Response of PN Skin to Injection of CD4+ T
Cells

Besides the routine clinical and light microscopic find-
ings noted above, an immunophenotypic analysis of the
PN skin grafts injected with autologous CD4+ T cell lines
was performed in samples from four of these patients. For
one patient, PN grafts were harvested at 3 and 14 days
after injection of CD4+ T cells; in the other three patients,
skin grafts were harvested 2-3 weeks after injection. In
one patient, we observed a striking increase in the num-
ber of intraepidermal CD8+ T cells 2 weeks after the
injection of the CD4+ cell line (Figure 5). Even though
numerous CD4+ T cells were present in the upper der-
mis, there were more CD8+ T cells than CD4+ T cells in
the epidermal compartment. In a second patient, CD8+ T
cells appeared more abundant than routinely observed in
PN skin, but not as prominent as was observed in the first
patient. In the other two patients examined, there was no
apparent increase in the number of CD8+ T cells in the
epidermis. Thus, it should be noted that the number of
intraepidermal CD8+ T cells after intradermal CD4+ T
cell injection varied among grafts. The range in the den-
sity of intraepidermal CD8+ T cells went from <5 per
high-power field to >50 per high-power field. These re-

Figure 6. Following injection of CD4+ T cells into PN skin, psoriatic lesions
developed that contained CD69 positive cells (A, 3 days after injection; C, 2
weeks after injection). Note scattered rhodamine-stained CD69 positive cells
(red) are present in the epidermis at both time points (arrows). Double
staining to detect CD8 (FITC-green) revealed that most CDG9-positive cells
were also expressing CD8 (B, 3 days after injection; D, 2 weeks after
injection).

sults indicated that an activation event involving resident
CD8+ lymphocytes was occurring in some of the skin
samples after the injection of the CD4+ T cells that ex-
tended beyond the response of the keratinocytes and
endothelial cells. To determine which types of immuno-
cytes were being activated after injection of CD4+ cells,
cryostat sections were immunostained to detect acute T
cell activation markers CD25 and CD69. Because these
markers revealed similar staining profiles, only the CD69
results will be portrayed. In preliminary studies we doc-
umented that although CD69 is rapidly induced (4-6
hours) by bacterial superantigens, it is down-modulated
in 6-8 days if no additional stimulus is provided.?® Thus,
because the CD4+ T cells are in PBS before injection
and the grafts were harvested 2-3 weeks later, we rea-
soned that any CD69-positive T cells would signify a
reactivation event occurring within the local microenvi-
ronment.

Interestingly, in the two patients in whose tissue CD8+
T cells accumulated in the epidermis 2-3 weeks following
intradermal injection of CD4+ T cells, two-color immuno-
fluorescence staining revealed the majority of CD69-pos-
itive cells were CD8+, with only rare CD4+ T cells ex-
pressing this acute activation marker. In one of these two



Figure 7. Twenty-one days after injection of a CD4+ T cell line into PN skin,
scattered intraepidermal immunocytes express rhodamine-stained CD69 (A
and C). FITC-labeled antibody staining revealed that both CD4+ T cells (B),
as well as CD8+ T cells (D) were CDG9-positive. Arrows indicate double-
positive cells.

patients, harvesting of PN grafted skin only 3 days after
injection of CD4+ T cells revealed the presence of CD8+
T cells expressing CD69 (Figure 6). In the third patient
examined, CD69-positive cells included both CD4+ as
well as CD8+ T cells (Figure 7). In the fourth patient,
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CD69 was identified primarily on CD4+ T cells with only
a rare CD8+ T cell expressing CD69. It was also noted
during these immunophenotyping studies that the num-
ber of CD8 a homodimer-positive cells was greater than
the number of CD8 a/beta heterodimer-positive cells.
Additional studies are in progress to further define the
nature of this T cell subset that appears to express only
homodimers of « chains rather than heterodimers of
a/beta CD8 chains. These results indicated that resident
CD8+ T cells were being acutely activated after injection
of CD4+ T cells in some of the grafts examined immedi-
ately before lesion formation. Next we sought to further
characterize the immunophenotype of the intraepidermal
activated immunocytes.

Given the rapid activation of resident CD8+ T cells, we
explored the possibility that immunocytes involved in
psoriasis lesion formation would express various cell sur-
face molecules typically seen on NK cells. Whereas there
were usually only rare or absent CD57-positive NK cells
in the skin samples, scattered intraepidermal and dermal
immunocytes expressing NKRs were identified, including
the presence of CD94- (Figure 8A), CD158a- (Figure 8B),
and CD158b- (Figure 8C) positive immunocytes in the PN
skin injected with autologous CD4+ T cells. An immuno-
phenotypic profile of the second patient revealed that 3
weeks after injection of highly purified CD4+ T cells into
the dermis, numerous CD4+ and CD8a+ T cells (only
rare CD8B+) are present in the epidermis (Figure 9).
These intraepidermal T cells express CD25 and CD69,
but there are rare or no CD57 or y/8 TCR + cells in this
graft. Moreover, CD94+ cells are present in the epider-
mis accompanied by fewer CD158a- and CD158b-posi-
tive cells (Figure 10). Based on their relative frequency, it
appears that not all CD94+ T cells coexpress CD158a
and/or CD158b.

To compare and contrast the local tissue reaction of
PN skin injected with CD4+ T cells, we examined the first
three patients from whom tissue was available for study in
which CD8+ T cells had been injected. Whereas only
rare CD4+ T cells were present in PN skin injected with

Figure 8. Fourteen days after injection of CD4+ T cells into PN skin many intraepidermal immunocytes express CD94 (A), CD158a (B), and CD158b (C). Note
the presence of numerous cytoplasmic spikes extending from the positively stained cells (arrows).
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Figure 9. Twenty-one days after injection of CD4+ T cells into PN skin, induction of psoriasis is accompanied by influx of CD3-positive T cells into epidermis
(A), including CD4 (B), CD8a (C), and rare CD8B (D) T cells. Acute activation markers CD25 (E) and CDG9 (F) are present predominantly on intraepidermal

lymphocytes with rare to no CD57 (G) or /8 TCR+ cells (H).

CD8+ T cells, there were scattered CD8+ T cells in PN
skin, but there was no CD69+ T cells or CD94+ T cells in
this graft that did not develop psoriasis (data not shown).
Lack of CD94+ T cells in the PN graft injected with CD8+
T cells contrasted with the same patient’'s PN grafts that
converted into PP skin after CD4+ T cells were injected
and accompanied by CD94+ cells in psoriatic epidermis
(data not shown).

Based on these findings, we next determined the phe-
notype of the cells bearing NKRs. Because there were
consistently more CD94-positive immunocytes than
CD158a- and CD158b-positive cells, the two-color immu-
nofluorescence results reported focus on the CD94-ex-
pressing cells in the epidermis. By two-color immunoflu-
orescence staining, the majority of the CD94-positive
cells were also expressing CD8 (Figure 11), with occa-
sional CD4+ T cells expressing CD94, CD158a, and
CD158b (data not shown). Using antibody against the
a/B chain of the TCR, CD94-positive cells were positive
for this marker of T cells (Figure 11, inset); and CD158a-
and CD158b-positive cells were also observed to ex-
press the /B T cell receptor (TCR) (data not shown). The
use of markers other than CD57 for epidermal NK cells
such as CD56 was not possible because of high reactiv-
ity with surrounding keratinocytes. Similar difficulty was

encountered with CD16; because some NK cells do not
express either CD56 or CD16, we cannot completely
exclude the possibility that some NK cells were present.
However, using CD57 only very rare positive NK cells
were observed, and in many fields no CD57-positive
cells were present (data not shown). Thus, because NK
cells do not express TCR and only very rare CD57+ cells
were detected, we believe the NKR+ TCR+ cells in this
experimental system are not traditional NK cells.

In another patient, CD94-positive cells included both
CD4+ and CD8+ T cell subsets (Figure 12). Given the
overall staining profiles described above, we prefer sim-
ply to refer to these CD94/CD158a/CD158b-positive cells
with an activated cytological appearance as immuno-
cytes. It should be emphasized that T lymphocytes, par-
ticularly CD8+ cells, perform many immunological func-
tions similar to those of NK cells and are derived from a
common NK-T cell progenitor. To our knowledge, no one
has previously demonstrated the presence of NKR-bear-
ing lymphocytes in acute lesions of psoriatic epidermis
as described above, or documented expression of NKRs
by immunocytes in chronic psoriatic plagques as de-
scribed below. Furthermore, when the CD4+ T cell lines
were examined before injection into PN skin, only rare
(<1%) of the cell population expressed either CD94,
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Figure 10. Serial sections from Figure 9 reveal conspicuous CD94+ cells in epidermis (A-C) with occasional CD158a- (D) and CD158b- (E) positive cells in

epidermis.

CD158a, or CD158b (data not shown). Studies are in
progress to identify the stimulus for T cell up-regulation of
these NKRs.

Presence of CD94/CD158a/CD158b-Positive
Immunocytes in Chronic Psoriatic Plaques

To compare these unexpected findings in the acute le-
sions of psoriasis using SCID mice, 15 different chronic
plaques taken directly from patients were examined. Al-
though numerous CD3+ T cells were abundant in the
epidermis and dermis (Figure 13A), scattered immuno-
cytes in epidermis and dermis expressing CD94 (Figure
13B), CD158a (Figure 13C), and CD158b (Figure 13D)
were present in 10 of the 15 plaques. In all positive cases,
more NKR-positive cells were seen in the epidermis than

in the dermis. Compared to the overall number of CD3+
T cells, the NKR-positive cells were generally <10% of
the entire immunocyte population. The main difference in
the appearance of these positively labeled cells ob-
served in examining acute versus chronic lesions was
that the immunocytes in the established plagues were
generally less conspicuous in their overall density and
had fewer cytoplasmic spikes or elongated processes
than the acute lesions obtained from the SCID mice men-
tioned above. By two-color fluorescence staining, the
majority of these NKR positive cells were CD8+, with only
rare CD4+ cells double positive for these NKRs (data not
shown). CD94-, CD158a-, CD158b-, and CD57-positive
cells were rare to absent in either dermis or epidermis of the
PN and NN skin samples examined. A rare dermal CD57-
positive NK cell was present in PP skin (Figure 13A, inset).
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Figure 11. Three days after injection of CD4+ T cells into PN skin many CD8+ immunocytes (FITC-green stained) also express CD94 (rhodamine-red stained)
(arrows). The inset demonstrates that CD94+ cells express the a/B TCR, thereby confirming these as T lymphocytes.

Discussion

Psoriasis is one of the most frequent immunologically-
mediated diseases, affecting up to 3% of various popu-
lations worldwide,?"2? yet its development has been an
enigma for several decades. Although some progress
has been made in determining the basis for the genetic
susceptibility to psoriasis, in which linkage to MHC class
| alleles was identified by several groups,® the precise
immunological pathway by which the psoriatic phenotype
becomes manifest in skin has been elusive. By taking
advantage of the SCID mouse model, we have extended
previous findings by ourselves and others,®11:12:23-25 gg.
tablishing that highly purified blood-derived CD4+ T
cells, but not CD8+ T cells, induce psoriasis when in-
jected into PN skin. Characterization of the response of
engrafted PN skin revealed that an acute immunological
stimulatory event occurred when CD4+, but not CD8+, T
cells were injected intradermally, as reflected by the ap-
pearance of T cells in the epidermis bearing acute acti-
vation markers (ie, CD69 and CD25).

These results using the SCID mouse model are in
agreement with earlier reports documenting activated
CD8+ T cells in epidermis of untreated psoriatic
plagues®® and determination that clones of CD8+ T cells
are present in psoriatic epidermis.” The minimum number
of intraepidermal CD8+ T cells necessary for psoriasis is
currently unclear, although one study has documented
that untreated psoriatic plaques had 13 CD8+ T cells per
high-power field, which was reduced to <5 CD8+ T cells

per high-power field with effective treatment.?” The inabil-
ity of the purified CD8+ T cell lines injected into PN skin
to induce psoriasis presents a paradox in that the in-
jected CD4+ T cells induced psoriasis and activation of
indigenous CD8+ T cells. One attempt to resolve this
paradox is the proposal that the highly purified blood-
derived CD8+ T cells maintained in vitro using this ex-
perimental protocol did not include either directly patho-
genic T cell subsets, and/or have the capacity to activate
resident pathogenic T cells indirectly from their dormant
state. In this scenario, it is possible to postulate that
CD4+ T cells may on one hand provide appropriate help
signals to CD8+ T cells, and on the other hand function
more directly as effector cells, as has been documented
by investigators examining other skin-related immune re-
actions.’*2829 Just as there are many different environ-
mental triggering factors for psoriasis, both bacterial su-
perantigens as well as immobilized anti-CD3 mAb could
sufficiently activate the CD4+ T cells to induce psoriasis
in this model system.

In addition to defining the response of engrafted PN
skin with respect to CD4/CD8 and CD25/CD69 as men-
tioned above, we also observed that injection of highly
purified CD4+ T cells led to appearance of epidermal
immunocytes present immediately before and during
emergence of psoriatic lesions expressing surface re-
ceptors typically confined to NK cells (ie, CD94/CD158a/
CD158b). So far, we have not identified the skin-derived
stimulus responsible for induction of these NKRs by such
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Figure 12. Twenty-one days after injection of CD4+ T cells into PN skin many intraepidermal CD94 positive immunocytes are present (rhodamine-red stained)
as shown in panels A and C; double staining reveals that both CD4+ T cells (FITC-green) (B) and CD8+ T cells (FITC-green) (D) are also CD94+ (arrows).

a prominent number of lymphocytes, particularly those
infiltrating PN skin during lesion development. Because
such induction of NKR expression was not seen when
CD8+ T cells were injected into PN skin in the absence of
psoriatic lesion formation, it appears that the microenvi-
ronment immediately preceding the genesis of a plaque
is critically important to such expression. In another set of
experiments in which allogenic activated immunocytes
were injected into normal skin, the local psoriatic tissue
reaction even spread from the human to the adjacent
murine skin and included NKR-positive T cells.3%3" The

importance of the milieu of acute psoriatic lesions may
also explain the absence of NKR-positive lymphocytes in
some of the established or chronic lesions. There is a
precedent for the importance of a local tissue environ-
ment on T cell phenotype in that in a murine system,
injection of lymph node derived co-isogenic CD4+/CD45
RB high lymphocytes into SCID mice led to a transdiffer-
entiation event in the small intestine, with these T cells
acquiring CD8a but not CD8p surface receptors accom-
panied by induction of epithelial hyperplasia.®® Interest-
ingly, in our model we also noted a divergence in CD8«a
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Figure 13. Chronic psoriatic plaque contains nu-
merous CD3+ T cells in dermis and epidermis
(A), with only a single CD57-positive NK cell
identified in dermis (inset). Serial sections of
identical plaque reveal scattered intraepidermal
immunocytes (arrows) expressing CD94 (B),
CD158a (C), and CD158b (D).

versus CD8p surface expression by CD4+ T cells in the
acute lesion of psoriasis produced in SCID mice and
work is in progress to define this population of T cells. It
should be noted in humans that there is already a known
skin-gut connection, as some psoriatic patients also suf-
fer from Crohn’s disease.

Even though the overall number of NKR-positive immu-
nocytes in the engrafted PN skin that converted to PP skin
was generally less than 10% of the overall T cell popula-
tion, NKR-bearing T cells may still be the final effector
population responsible for causing psoriasis. As has
been documented in allergic contact dermatitis, the fre-
quency of the actual antigen-specific pathogenic T cell
population is <1%.33 The NKR-positive T cells may be
triggered to become activated and release appropriate
cytokines by recognition of various class | alleles ex-
pressed by epidermal cells. One key concept for this
report is that epidermal immunocytes present during the
emergence and maintenance of psoriasis express poten-
tially activating receptors previously highlighted for their
presence on NK cells. Indeed, although NK cells and T
lymphocytes share a common progenitor cell and medi-
ate similar immune reactions,'® this report clearly docu-
ments the presence of CD94, CD158a, and CD158b on
immunocytes in psoriasis. Using our SCID mouse model,

it was possible to identify these immunocytes within days
preceding lesion formation. Their continued presence in
the majority of established plagues indicates not only that
they are important for producing acute lesions, but also
that may also play a role in the maintenance of chronic
lesions. The importance of NKR-bearing immunocytes in
creation of psoriasis is suggested by the pre-injection of
blocking antibody against CD94 into PN skin, which pre-
vented induction of psoriasis in this SCID mouse model
(Nickoloff, unpublished observation).

The notion that immunocytes may be directly activated
by recognition of class | alleles, without the need for any
additional antigen (ie, exogenous or endogenous) high-
lights the truly autoimmune basis for the disease.°3* As
the autoreactive NKR-positive immunocytes are triggered
to release cytokines, they can recruit additional memory T
cells that can amplify the initial stimulatory event and
contribute to the cytokine cascade that mediates PN-
to-PP phenotypic conversion. We postulate that the dis-
ease occurs because pathogenic T cells are not appro-
priately deleted during development because of
incomplete negative selection and, when they localize to
skin, become activated and recognize specific alleles
such as HLA-Cw®, cytokines are released that ultimately
are responsible for converting PN skin into PP skin. In



contrast to previous studies that focused on the inhibitory
nature of NKRs on T cells to explain why CD8+ T cells do
not kill normal autologous cells,’® our studies highlight
the potential activating capability of NKRs on immuno-
cytes. Work is in progress to determine the basis for the
enhanced expression of the NK receptors such as CD94/
CD158a/CD158b on immunocytes in psoriatic patients,
and the relative activating potential of various class |
alleles that they recognize.

It should be noted that there are an increasing assort-
ment and lineage of class | genes that may be relevant to
psoriasis and that could be responsible for triggering the
activation of appropriate immunocytes in the skin of ge-
netically susceptible individuals.35~%" Just as previous
studies established that skin and intestinal epithelial y8+
T cells in the murine system can interact with keratino-
cytes and epithelial cells including MHC class I- related
molecules,*® ** we postulate that af+ T cells via these
NKRs or other NKR-like surface receptors may be impor-
tant in patients with psoriasis, with or without concomitant
Crohn’s disease. Based on recent findings,®"' other rele-
vant ligand/receptors such as CD161 and CD1d should
also be investigated for their immunological and genetic
links to psoriasis.**~*” Finally, it will be of interest to
determine whether these same NKRs on immunocytes in
psoriatic patients are responsible for the lower than ex-
pected incidence/prevalence of viral infection and tu-
mors present in psoriatic skin,?? because such immuno-
cytes may represent a bridge between innate and
acquired immunity.'>*® Indeed, the amazingly rapid re-
sponse by which these immunocytes bearing NKRs be-
come activated and trigger substantial epidermal hyper-
plasia and angiogenesis may not only be effective in
immune surveillance of infections and neoplastic assaults
but serve an important wound-healing function as well.'®
From this perspective, the relatively high prevalence of
psoriasis worldwide may be better understood, as having
such a subset of immunocytes may confer an advantage
over the general population in combating such assaults
and promptly repairing the skin to restore cutaneous
homeostasis following injury.
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