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Psoriatic keratinocytes have a reduced antiproliferative re-
sponse to interferon (IFN)-gamma, and HLA-DR expression
is usually not observed on keratinocytes in psoriatic plaques
despite the presence of activated T cells. We have therefore
compared the expression of IFN-gamma receptors in psoria-
tic skin with that of normal human skin. Using mouse mono-
clonal antibodies and immunoperoxidase staining on cryostat
cut sections, we detected IFN-gamma receptors on keratino-
cytes throughout the epidermal layers except stratum cor-
neum in normal skin (n = 11). Biopsy specimens from in-
volved psoriatic skin (n = 17) consistently showed a staining
pattern that differed from that of normal skin in that only the
lower part of epidermis reacted with the antibodies to IFN-

gamma receptors, whereas the upper layers showed no or
minimal staining. Expression of IFN-gamma receptors in
uninvolved psoriatic skin (n = 16) did not differ from that of
healthy controls. Forty-five percent of the biopsies from le-
sional psoriatic skin displayed ICAM-1 positive keratino-
cytes, and only two specimens had a limited expression of
HLA-DR reactive keratinocytes. The decreased binding of
antibodies against the IFN-gamma receptors in the upper
part of psoriatic epidermis might be secondary to abnormal
maturation of psoriatic keratinocytes or a primary defect
involving abnormal modulation of IFN-gamma receptors.
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t has been suggested that psoriatic keratinocytes have an ab-

normal response to interferon (IFN)-gamma because HLA-

DR expression by keratinocytes is seen infrequently or not at

all in psoriatic plaques despite the presence of T cells [1]. It

has also been reported that IFN-gamma has a reduced anti-
proliferative effect on psoriatic keratinocytes [2,3], and this could
contribute to the increased epidermal cell proliferation that charac-
terizes the disease.

The mechanisms whereby IFN-gamma induces the synthesis and
expression of new cell-surface molecules like MHC class IT antigens
on keratinocytes [4 - 6] and of the intercellular adhesion molecule-1
(ICAM-1, CD54) [7] are still largely unknown, although evidence
for involvement of protein kinase C signal transduction has been
reported [8]. Cell-surface rec?tors for IFN-gamma ought to be a
prerequisite for its biologic eftects and binding of IFN-gamma to
cultured human keratinocytes has previously been shown [9]. Re-
cently a receptor for IFN-gamma was identified, different from that
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shared by interferon-alpha and -beta (reviewed in [10]). The gene
for the human IFN-gamma receptor is localized to the long arm of
chromosome 6 [11,12] and the receptor, a glycoprotein, has an
approximate molecular mass of 90 kDa [13,14].

In the present study we have investigated the expression of recep-
tors for IFN-gamma in biopsy specimens from involved and unin-
volved skin from patients with psoriasis and compared with that of
normal human skin.

MATERIALS AND METHODS

Skin Biopsies Normal skin biopsies (3 mm in diameter) from 11
healthy volunteers were obtained under local anesthesia. Nineteen
patients with psoriasis (seven female and 12 male, ages 19-63 years)
participated in the study (Table I). Fourteen patients had chronic
plaque psoriasis, three had guttate psoriasis, and two had histories of
guttate psoriasis. The patients were not on any treatment except for
two (patients 16 and 17) who were on topical steroids although the
biopsied lesions had not been treated. Biopsy specimens (3-4 mm
in diameter) were obtained under local anesthesia from both in-
volved and uninvolved skin at least 5 cm from a lesion (Table I).
The specimens were snap frozen and stored at —70°C. Informed
consent was obtained from each patient and the study was approved
by the Ethics Committees of the Karolinska Institute, Stockholm,
and of St. Mary’s Hospital, London.

Raji Cells Raji cells, a continuous human Burkitt lymphoma cell
line, obtained from the Department of Tumour Biology, Karo-
linska Institute, Stockholm, were grown in RPMI 1640 medium
(Kebo AB, Spinga, Sweden) supplemented with 8% heat-inacti-
vated fetal calf serum (FCS) and antibiotics. This cell line, known to
contain high amounts of IFN-gamma receptors [15], was used for
titrating the antibodies against the IFN-gamma receptor by the
immunoperoxidase staining method and then included as a positive
control. The cells were washed and suspended in phosphate-buf-
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Table I.  Patient Data and Immunoperoxidase Findings in Skin Biopsy Specimens

Patient

Epidermal Expression (involved/univolved skin)

Dermal Cell IFN-Gamma
Number Sex Age Type? Infiltrate Receptor® ICAM-1¢ HLA-DR
1 3 22 Psc ++/— 1/3 -/ —/-
2 3 35 Psc ++/NPe 1/NP —/NP —/NP
3 Q 45 Psc ++/NP 2/NP +K/NP +K/NP
4 9 46 Psc Ht— 2/3 +K/— ~I5
5 3 61 Psc e 13 +K/— ==
6 3 46 Psc ++/— 1/3 -/ ==
7 Q 40 Psc i 2/3 —= —/—
8 3 63 Psc +/= 2/3 +K/— +K/—
9 3 27 Psc +/— 2/3 —/— ==
10 3 25 Psc i 2/3 —/- —/—
11 3 36 Psc ++/— 1/3 —/— —/-
12 3 43 Psc ++/— 1/3 +K/— —/=
13 3 36 Psc ++/— 1/3 —/- -/
14 4 23 Psc +/— 1/3 —/— —/-
15 ° 57 Psg ++/+ 2/3 +K/+K —/-
16 3 36 Psg ++/NP 1/NP +K/NP —/NP
17 Q 30 Psg +/— 2/3 +K /— —/—
18 é 19 hPsg NP/— NP/3 NP/— NP/—
19 ° 29 hPsg NP/— NP/3 NP/— NP/—

o Estimated on H&E stained sections and graded as —, normal looking skin; +, small and ++, moderate dermal cell infiltrates.

b Expression was graded as 1, positive staining restricted to the lower and the middle part of epidermis; 2, positive staining in the lower part and weak staining in the upper part of
stratum spinosum and above; 3, positive staining throughout the whole epidermis except stratum corneum.

< +K, reactivity on keratinocytes; —, no reactivity on keratinocytes.

4 Psc, chronic plaque psoriasis; Psg, guttate psoriasis; hPsg, history of guttate psoriasis.

< NP, not present, material not available.

fered saline (PBS). Twenty microliters of the cell suspension (106/
ml) was placed on each well of multiwell microscope glass slides
(Nova Kemi, Stockholm, Sweden), air-dried, and stored at —70°C
until stained [16]. Raji cells cultured in the presence of INF-gamma
(500 U/ml of Escherichia coli—derived recombinant human IFN-
gamma, a generous gift from Dr. P van der Meide, TNO Primate
Center, Rijswijk, The Netherlands) showed substantially decreased
expression of IFN-gamma receptors after 60 min of culture.

Immunohistochemical Staining Frozen sections, 6 um thick,
were fixed in acetone for 5 min at 4°C and stained by the peroxi-
dase-antiperoxidase method [17]. Endogenous peroxidase was
blocked by incubation in 0.3% H,O, in PBS for 15 min, and the
sections were then allowed to react with normal rabbit serum (di-
luted 1/10) for 10 min to reduce non-specific staining. Mouse
monoclonal antibodies (MoAb) against the human IFN-gamma re-
ceptor was a generous gift from Dr. M. Aguet, Institute for Immu-
nology and Virology, Zurich, Switzerland. A combination of two
antibodies was used: A6C5 (IgG,, diluted 1/200), which competes
with receptor binding of human IFN-gamma and neutralizes its
biologic activity [15]; and 4D7A12 (IgGa, diluted 1/200), which
competes weakly with receptor binding and produces a marked
additive signal when used together with MoAb A6C5 for indirect
immunofluorescence.* As this combination gave the best staining
result on Raji cells as well as on normal and psoriatic skin, it was used
throughout the study. During this study we observed the necessity
of proper cold storage of cryostat sections. Thus, sections from eight
skin biopsy specimens from four patients with psoriasis (involved
and uninvolved skin) and five from healthy volunteers that had been
stored at —20°C for 8-12 months reacted very poorly with the
IFN-gamma receptor MoAb (data not shown). However, sections
of normal skin that had been stored at —70°C for up to 4 years
showed a strong staining. The results presented in this study are
obtained on biopsy specimens from psoriatic patients stored at
—70°C for less than 6 weeks.

The other MoAb used were the anti~-ICAM-1 antibody (84H10,
IgG,) obtained from Serotec, Oxford, England, diluted 1/80

* Dr. M. Aguet (personal communication).

(2.5 ug/ml), and the anti-HLA-DR antibody (L243, IgG,,) from
Becton Dickinson and Co., Oxnard, CA, diluted 1/128 (0.2 ug/
ml). Rabbit anti-mouse immunoglobulin (diluted 1/40) used as a
secondary antibody and pre-formed complexes of horseradish per-
oxidase and mouse monoclonal anti-horseradish peroxidase were
obtained from Dakopatts, Copenhagen, Denmark. The peroxidase
reaction was developed with 3-amino-9-ethylcarbazole [18], and
the sections were counterstained with Mayer’s hematoxylin. Con-

trols without the primary antibodies or with irrelevant mouse
MoAb gave no staining.

Histologic Evaluation Each biopsy specimen was also processed
for hematoxylin and eosin staining for histologic evaluation and
estimation of dermal cell infiltrates. Slides were read by one investi-
gator (HH) under coded conditions and examined for acanthosis,

epidermal granulosis, parakeratosis, tortous papillary capillaries,
and Munro’s microabscess.

RESULTS

Skin Biopsies from Normal Skin Normal skin from 11 donors
consistently bound the antibodies against the human IFN-gamma
receptor as seen in Fig 1a. There was an even cytoplasmic staining
throughout the epidermis except stratum corneum with somewhat
stronger staining of the cell membranes. Occasional dendritic epi-
dermal cells were observed with more intense staining. Endothelial
cells and a few cells in the dermis were also positive (Fig 1a).

Skin Biopsies from Patients with Psoriasis The 17 biopsy
specimens obtained from involved psoriatic skin fulfilled the histo-
logic criteria for psoriasis. Munro’s microabscesses were present in
all but three of these biopsies. There were small to moderate dermal
cell infiltrates in lesional skin and also in one biopsy of uninvolved
skin from a patient with guttate psoriasis (Table I).

_ All biopsy s[Pecimens from involved psoriatic skin displayed posi-
tive staining for IFN-gamma receptors but in contrast to normal
skin this was largely confined to the lower part of the epidermis (Fig
1b). Thus, the upper part of the stratum spinosum and above was
negative or showed a very weak reactivity with the MoAb against
the IFN-gamma receptors (Table I, Fig 1b). There was no difference
between chronic plaque and guttate psoriasis (Table I) and there was
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Figure 1. Expression of IFN-gamma receptors in skin biopsy specimens
from (a) normal skin and (b) a patient with chronic plaque psoriasis (patient
15). Acetone-fixed cryostat sections were processed for immunoperoxidase
staining and counterstained with Mayer’s hematoxylin. Magnification
%370 (a) and X150 (b).

no relationship between the number of Munro’s microabcesses and
the degree of IFN-gamma receptor expression. E?ression of IFN-
gamma receptors in uninvolved skin did not differ from that of
healthy controls.

ICAM-1 and HLA-DR reactivity was not detected on keratino-
cytes in biopsies from uninvolved skin from patients with psoriasis
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with the single exception that ICAM-1 positive keratinocytes were
found in one patient with guttate psoriasis, who also had small
dermal cell infiltrates (Table I, patient 15). Keratinocytes in eight of
the 17 biopsies from involved psoriatic skin (three from guttate
psoriasis) expressed ICAM-1. In two of these, both from chronic
plaque lesions, keratinocytes also expressed HLA-DR antigens (pa-
tients 3 and 8). This staining was confined to small groups of kerati-
nocytes found both in the basal and in the upper part o? epidermis.

DISCUSSION

In this study IFN-gamma receptors were found to be expressed by
keratinocytes throughout the epidermal layers except stratum cor-
neum in normal skin and also by endothelial cells and a few dermal
cells. This-expression probably reflects potential reactivity of kerati-
nocytes to locally produced IFN-gamma during inflammatory reac-
tions in the skin. Nickoloff has reported that iodinated (*°I) recom-
binant IFN-gamma binds to cultured human keratinocytes and
estimated about 2,000 binding sites per keratinocyte [9]. Most cell
types express IFN-gamma receptors and their estimated numbers
have ranged from 1,000 to 10,000 per cell, the higher numbers
being found on tumor cells [10]. However, some tumor cells lack
IFN-gamma receptors like lymphoid cells from patients with
chronic lymphatic leukemia or hairy cell leukemia [10].

Biopsy specimens from involved psoriatic skin, chronic plaque, or
guttate showed a consistent staining pattern for IFN-gamma recep-
tors, which was different from that of normal skin. Thus, the lower
part of epidermis bound the antibodies to IFN-gamma receptors to
the same extent as normal epidermis, but no or minimal staining was
observed in the upper lesional epidermis. This might reflect an
abnormal modulation of IFN-gamma receptors or be a secondary
effect due to defective maturation of psoriatic keratinocytes. These
are possibilities that are currently being studied. Abnormal matura-
tion of keratinocytes, which is a feature of this disease, and several
alterations to the cell surface of psoriatic keratinocytes have been
reported (reviewed in [19]). In psoriasis, different receptor systems
may be diversely affected. Decrease of the f-adrenergic receptor has
been reported [20]. In normal human skin, the receptors fF())r low-
density lipoprotein (LDL) and epidermal growth factor (EGF) are
expressed mainly in the basal layer(s) and disappear during differen-
tiation, whereas in psoriatic lesions the LDL-receptors are abundant
in stratum spinosum [21] and the EGF-receptor is expressed
throughout all epidermal layers [22]. Furthermore and in contrast to
the IFN-gamma receptor we have recently demonstrated that the
B-chain (p75) of the interleukin-2 receptor that is strongly ex-
pressed throughout normal epidermis can only be detected in the
upper keratinocyte layers of lesional psoriatic skin.t The signifi-
cance of these findings is not known. Another difference between
normal and psoriatic skin is decreased protein kinase C activity in
psoriatic epidermis [23]. This is of interest because IFN-gamma—
induced transcriptional activation is mediated by protein kinase C
[24] and phorbol myristate acetate, a potent activator of protein
kinase C, can induce an increase of IFN-gamma receptor expression
in a monocytic cell line low in IFN-gamma receptor expression

25].

[ IL agreement with previous observations [1] only two of our 17
psoriatic specimens showed limited HLA-DR expression by kerati-
nocytes. In contrast, eight (45%) of the lesional biopsies displayed
ICAM-1-positive keratinocytes. An increased expression of
ICAM-1 over HLA-DR in involved psoriatic skin has been reported
in a previous study [7] and ICAM-1 can occasionally be seen on
keratinocytes in normal skin [26,27]. Whereas HLA-DR expression
is mainly induced by IFN-gamma, expression of ICAM-1 can also
be induced on keratinocytes by tumor necrosis factor a and £ ([28];
reviewed in [29]).

In conclusion, the present study shows a decreased binding of
MoAb against the IFN-gamma receptor in the upper part of psori-
atic epidermis. This might reflect a primary defect of the keratino-

t Dr. B. Baker et al (manuscript in preparation).
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cytes involving abnormal modulation of the receptors or a second-
ary effect associated with defective maturation of psoriatic keratino-
cytes.

1.
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