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Cellular Interactions and Adhesion Molecules in Psoriatic Skin
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T-cell activation probably plays the most important role in
hyperproliferation of keratinocytes in psoriasis. We present
here our results concerning the interacting immunocompetent
cells and their phenotypic and functional characteristics in rela-
tion to psoriasis pathology. Immunohistochemical analysis of
skin biopsies from psoriasis patients, did indeed show that
hyperproliferation of keratinocytes is associated with increased
vasculature and increased influx of MHC class I molecules
expressing immunocompetent cells. Furthermore, in psoriasis,
several adhesion molecules and other relevant activation mark-
ers were found to be upregulated even in the non-lesional pso-
riatic skin, indicating that psoriatic skin in general is in an
activated state. This interpretation is further supported by the
observation that the expression of several AR and other rele-
vant activation markers when compared with those in non-
lesional skin from contact dermatitis are increased in a signif-
icant manner in the non-lesional skin of psoriasis patients. We
have then followed up our investigations by generating T-cell
lines from lesional psoriatic skin and studied their adhesion
patterns on cultured endothelial cells in order to get better
insight into the migrationpattern of different T cell subsets in
psoriasis pathology. Our results indicate that different T-cell
subsets CD4*, CD8* (both TCR-a3*) CD4-/CD8* TCR-vd+ and
CD4-CD8TCR-vy6 (V&17) T-cells can easily be generated from
psoriatic patients. In a comparative kinetic study using un-
stimulated and stimulated cultured human umbilical vein endo-
thelial cells, we observed that TCR-yd T cells showed different
adhesion properties from that of TCR-aff* T cell subsets. The
overall results suggest that further studies on the cellular inter-
actions (particularly concerning the expression and character-
istics of the various adhesion receptors on different skin cells)
together with the elaborate functional characteristics of T cells
from psoriatic patients would help to elucidate the pathome-
chanism of psoriasis.
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Psoriasis is an idiopathic skin disease characterized by epider-
mal hyperproliferation and increased numbers of interacting
activated lymphocytes and antigen-presenting cells (1). It is
generally accepted that the presence of interacting T cells and
APC followed by subsequent release of cytokines thereof are
associated with the development of psoriatic lesions. There are
only a few reports on the role of other immunocompetent cells
in relation to this disease. Moreover, in spite of some occasional
published data stating that psoriatic skin may constitutively be
in an activated state (2), it is not clear whether non— lesional
sites of psoriatic skin as compared with healthy skin from
normal individuals and vis-a-vis that from other inflammatory
dermatoses are prone to accumulate increased amounts of im-
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munocompetent cells. The cellular influx and their subsequent
activations, either in an antigen dependent or independent man-
ner, are important in the chain of events leading to the perpetu-
ation of the disease. The migration and activation of immuno-
competent cells to and at the site of lesions are thought to be
controlled by sets of adhesion receptors (AR) expressed on
migrating cells and endothelial cells (3). These AR, in addition
to MHC class Il molecules and cytokine receptors, are regarded
as the markers for activated states of these cells (4). In order to
gain a better insight into the immunopathology of psoriasis, the
essential steps for investigations are, firstly, an elaborate in situ
phenotypic analysis of regionally accumulated interacting cells
and their activation markers, including the adhesion molecules
in both non-lesional (NL) and lesional (L) skin of psoriasis
patients as compared with those from another hyperimmune
reactive dermatosis and healthy individuals as controls.

Secondly, since it is believed that the role of T cell subsets is
important in psoriasis pathology. it is essential to generate T cell
lines from psoriatic skin and to study their adhesion and func-
tional properties in relation to the disease.

In the present article we present a review of the results on (1)
comparative in situ immunophenotypic analysis of interacting
cells and their state of activation markers in L, NL skin from 7
psoriasis patients, the same from patch-tested DTH reactive skin
from contact dermatitis patients and 7 healthy individuals; (2)
characterization of adhesion kinetics of the in vitro generated
subsets of T cells from psoriatic lesions. The detailed results of
our studies have also been reported in separate manuscripts
(5.6,7). Our results suggest that psoriatic skin is constitutively in
an activated state, which facilitates the differential influx of
different T cell subsets and other antigen-presenting cells into
the skin. Moreover, we suggestthat cellular interactions and
differential expression of adhesion molecules by different cell
types emphasizes the fluctuating nature of the disease, e.g.
exacerbation and remission.

MATERIALS AND METHODS

Immunohistochemistry

Biopsies from 6 patients with active psoriasis and 6 individuals with
DTH reaction upon 72 h patch-tested contact dermatitis (CD) were
removed from the inside border of lesions and also from random
locations of non-involved area of the same groups of patients. Skin
biopsies from 6 healthy volunteers were included as normal controls.
Specimens were immediately frozen in liquid nitrogen and stored at
—80°C until use. Immunohistochemical single and double stainings
were performed on acetone-fixed cryostat sections by routinely per-
formed immunohistochemical methods as described previously (8).
MAbs used in this study were Leud (CD3), Leu7 (NK cells), Leul2
(CD19 Pan-8) and Leul4 (CD22 pan-8, all obtained from Becton &
Dickinson, Mountain View, USA); anti- HLA-DR (CR3/43), Factor
VIIL CD68 (EBM-11), CK1 (anti- keratin, all from Dakopatts. Glostrup.
Denmark) OKT6 (Ortho Diagnostics, Raritan, N.J., USA), anti in-

Acta Derm Venereol (Stockh) 74



16 0. J. de Boer et al.

Table 1. Visual evaluation (arbitrary measurement) as determined by immunohistochemical single and double stainings, reflecting the

gradient of intensity as well as percentage of cells present

Normal skin NL* L NL I
CD3 + ++ Htk + ++++
CD3*IL2R? - + +++ x ++
CD3*HLA-DR* + ++ -+ + R
CDla Normal network Normal Loss of network Normal network Loss of network
pattern pattern. more pattern pattern,
+ in dermis basal located +++ in dermis
CDla*HLA-DR* 4+ 4+t o+ - 4+
CD68 + +4 et + +t+
CD68*HLA-DR* + b Tt + +++
CD19 - - - — -
CD22 - - + - -
CD22"HLA-DR* - + ot - -
NK cells - + ++ - +
CKI*HLA-DR* - -~ + - A+

“NL: non lesional skin; lesional skin.

terleukin 2 receptor (CD25, Biotest, Frankfurt, Germany): anti-LFA-1
(obtained from the American Tissue typing Center), anti-ICAM-1 (Brit-
ish Biotechnology, Abingdon, Berks, England), and HECA-452 specific
for high endothelial venules (9) and cutaneous leukocyte associated
antigen (10).

Immunohistochemical single and double stainings were performed
using different staining protocols developed in our laboratory (8). Pro-
tocols differed according the combination of MADbs used for double and
triple stainings (as described previously. ref 5 and 6). Percentages of
interacting cells types as well as the activation markers expressed by
them were evaluated light microscopically as described before (6).

Cell cultiire

T cell-lines from 6 psoriasis patients were generated from skin biopsies
and peripheral blood as described previously (7) using 25 (Cetus) units
r-1L-2, and either 10 pg/ml PHA (Wellcome. Dartford, Kent. England)
or 10 pg/ml tuberculin PPD (Statens Serum Institut, Copenhagen,
Denmark) as initial inducing mitogen or antigen. Initially irradiated
autologous PBL were used as feeder cells until the point when T cells
with homogeneous subsets phenotype were generated. Thereafter, irra-
diated autologous EBV-8 cells were used as feeder cells to expand the
stable and homogeneous T cell lines of corresponding phenotypes. T
cell lines from PBL were also generated using a similar culture protocol
from 3 of these patients. T cell lines were analysed phenotypically by
FACS analysis (7).

Human umbilical vein endothelial cells (HUVEC) were isolated accord-
ing to the method of Jaffe et al (11), on [% gelatin coated culture plastic
in culture medium consisting of RPMI 1640, 10% fetal calf serum, 10%
NHS, 2 mM glutamine and antibiofics.

Adhesion assays: 10,000 HUVEC were cultured for 3 days on 1%
gelatin-coated microtitre plates, in presence or absence of 10 ng/ml
TNF-a or 100 u/ml IFN-y. Before the assay, HUVEC were incubated
with appropriate dilutions of «-ICAM-1 MAb. Then 200,000
Na,*'CrO4 labelled cultured T cells were added for 1 h. Plates were
gently washed and percentage adhesion was calculated by (experi-
mental release)/ (maximal release-spontaneous release).

RESULTS AND DISCUSSION

A T cell mediated immune response is considered to be the most
important immunocompetent cell type in the pathogenesis of the
psoriasis, and consequently investigators primarily focused their
attention on the involvement of these cells and APC, e.g., LC
and macrophages. However, other immunocompetent cells are
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also present in psoriasis lesions. Therefore, we investigated
simultaneously the involvement of other cells in addition to T
cells subsets present in lesional and non-skin specimens of
psoriasis patients, using a panel of MAbs, and compared the
results obtained with similar specimens from both CD patients
and specimens from normal healthy individuals. In order to get a
better insight into the pattern of in situ interaction between these
regionally accumulated cells, we also investigated the expres-
sion of activation markers such as MHC class 11 molecules and
IL2R. The results of both immunosingle and double stainings
are summarized in Table I. We found increased amounts of T
cells, Langerhans cells (LC) and macrophages in both lesional
and non-lesional psoriatic, and that only in lesional CD skin.
The percentages of these immunocompetent cells in non-le-
sional CD specimens were more or less similar to those found in
normal controls. It is of particular interest to note that the
percentages of MHC class IT expressing immunocompetent cells
and IL-2R" CD3 cells are also present in increasing amount in
non-lesional psoriatic skin, as compared with those in CD non-
lesional biopsies. Interestingly, in psoriasis. especially at the
lesional sites, we found activated, IL-2R* T cells often in close
contact with basal keratinocytes. suggesting that these cells may
be involved in hyperplasia of keratinocyvtes. We also found the
presence of B cells in all the lesional psoriasis, but not on any of
the other (normal and CD) biopsies. This suggests that B cells
might be important in certain stages of psoriasis. In contrast,
only a few NK cells were also found to be present at the lesional
psoriatic sites, often in close contact to basal keratinocytes. Only
a tew NK cells were found to be present in lesional but not any
in non-lesional CD specimens. Although the numbers of B and
NK cells in lesional psoriatic specimens are relatively small as
compared with T cells, LC or macrophages. these cells should
be regarded also to be important in both local immune responses
and its regulation in relation to the disease.

Surprisingly. in spite of the presence of activated T cells in
and around the epidermis. there was only very weak expression
of HLA-DR in basal keratinocytes on psoriasis skin. whereas
strong HLA-DR* areas of keratinocytes were encountered in CD
lesional area. This suggests that the activation pattern of T cells
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Table IL. Expression of adhesion receptors on different cell types the tested skin specimens

Psoriasis Contact dermatitis

N NL L NL E
CD1a*/HECA-452¢ or 60+24 9246 5+3 1548
CD3*/HECA-452* 40+8 85+8 83+ 50+26 53%13
CD68*/HECA-452+ 844 11+7 10+5 9+10 1044
CDla*/LFA-1+ 0 T+7 10£8 3+3 30£28
CD3*/LFA-1+ 98+3 99+ 100 961 99+
CD68*/LFA-1+ 9+9 B+5 107 24+10 57x11
ICAM-1+/CK 1+ - - + +++
ICAM-1*/CD3* + + ot

:

*N=normal skin; NL =non-lesional skin: L = lesional skin.
"mean numbers of double-stained cells (£5D).

“ Visual evaluation (arbitrary measurement) as determined by immunohistochemical single and double stainings. reflecting the gradient of intensity as

well as percentage of cells present.

and the locally produced cytokine profiles are different in these
two diseases during the active phase. From the aforementioned
results it is suggested that the psoriatic non-lesional skin is
abnormal with respect to hyperimmune reactivity, whereby
there is a constant tendency for local infiltration of activated
immune cells. Adhesion receptors are important for leukocyte
migration into skin, as well during cellular interactions in an
ongoing immune response (3). Consequently, we also investi-
gated the expression of these AR expressed by immunocompe-
tent cells as well as Keratinocytes, in normal, lesional and non-
lesional psoriasis and CD specimens. The expression of “endo-
thelium-related” AR is discussed in a separate paper (12). The
results are summarized in Table II. It can be seen that increased
numbers of HECA-452* LC, HECA-452* T cells and LFA-1+ LC
are found in both lesional and non-lesional psoriatic specimens.
Interestingly. in both lesional and non-lesional CD specimens,
about half of the T cells were found to be HECA-452*, similar to
that in normal skin. This is in contrast to psoriasis. In the latter
case, percentages of HECA-452* T cells were approximately
90% of both lesional and non-lesional specimens. Interestingly.
we have also observed that the content of E-selectin (a possible
ligand for HECA-452) positive vasculature in psoriatic non-
lesional skin is increased, compared with normal and non-
lesional CD skin (6,12). No such increase in any of the AR
studied was observed in non-lesional specimens of CD. How-
ever, significantly increased expression of HECA-452 on LC,

Table I11. Percentages of phenotypic similar in vitro generated T
cell lines obtained from skin biopsies and peripheral blood from
6 different donors

Phenotype %
Skin derived T DC4* 14
cell lines CDs§* 43
(n=87) CD4 CD8TCR-v& 19

CD4-CD8*TCR-vd 1

non homogenous 23
Blood derived CD4+ 0
T cell lines CDRg* - 50
(n=6) CD4‘CD8‘TCR-76‘ 50

(%)

and LFA-1 on both macrophages and LC was found in lesional
CD patients.These results indicate that the non-lesional skin of
psoriasis patients is indeed constitutively in an activated state, to
facilitate the accumulation of HECA-452* cells. It appears there-
fore, that a cutaneous immune reaction against contact allergens
leads to another type of immune response different from that in
psoriasis which is reflected by the presence of high percentages
of LFA-1* LC and macrophages in CD, but not in psoriasis.
These studies further point towards the fact that specific types of
T cell migration and their activation upon interaction with other
immunocompetent cells are associated with the pathology of
psoriasis.

In an attempt to elucidate such an assumption, we isolated and
cultured T cell lines from both lesional psoriasis biopsies and
from the peripheral blood to study their phenotypes in regard to
adhesion receptors and their adhesion kinetics, using both un-
stimulated and cytokine-stimulated HUVEC. The phenotypes of
the cell lines obtained are summarized in Table II1. Surprisingly,
the majority of the T cell lines obtained were CD8*, and fewer
cells lines were CD4* in spite of the fact that in the lesional sites
CD8* cells form the minor population. In addition, relatively
many cell lines were found to possess the y8 (V81-) phenotype,
even though these cells are relatively rare in lesional skin. In
adhesion studies, as illustrated in Table TV, we did not find any
differences in adhesion of CD4* and CD8" cells to HUVEC, nor
did we observe differences in adhesion patterns between T cells

Table IV. Percentage adhesion of two skin-derived TCR-af3 and
TCR-y&" T cell lines to HUVEC

TCR-af TCR-auf TCR-yd TCR-vd

(CD4*)  (CD8")
None 31%5 2612 T1£11 60x6
None + ICAM-1 23+5 231 60x15 52+6
IFN-y 404 408 985 70+5
IFN-y + [CAM-] 20=1 2843 5843 5449
TNF-a 7345 T7£5 99+ 769
TNF-a + ICAM-1 502 5247 63+5 ND

HUVEC were stimulated for 72 h with either 100 u/ml r-IFN-y or 100
u/ml r-TNF-a (3 ng/ml).
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isolated from the peripheral blood and from the skin. On the
other hand, we found that the basal adhesion of TCR-y&*T cell
lines to cytokine-stimulated and unstimulated endothelium is
significantly increased as compared with that of «fp T cell lines
(a representative example of the adhesion of two TCR-af T cell
lines and two TCR-y&T cell lines is illustrated in Table IV). This
increased adhesion could not be blocked to TCR-«f3 levels with
anti-ICAM-1 antibodies, suggesting that this increased binding
is due to other AR, possibly ICAM-2. Still, this increased
adhesion of TCR-y8 T cells to endothelium is surprising, be-
cause relatively few TCR-y8* T cells are present in human skin
(normal and diseased) (5). It can be speculated that too-strong
adhesion to endothelium inhibits the subsequent migration of
these cells into the tissue.

In conclusion, our results indicate that the extravasation of
these different immunocompetent cells into — and their sub-
sequent activation at — lesional sites in psoriatic skin is associ-
ated with the differential upregulation of various adhesion mole-
cules and activation markers on immunocompetent cells, as well
as on other skin cell types, e.g., keratinocytes and endothelial
cells. Furthermore, particularly TCR-yd and CDS8* cells, al-
though constituting a smaller fraction of the total in situ T cell
populations, might be of importance in regulating the hyperim-
mune reactivity associated with the hyperproliferation of ker-
atinocytes. We hypothesize that the concerted interaction be-
tween the migrating immune competent cells and resident skin
cell resulting in the keratinocyte hyperproliferation is dictated
by the constitutively upregulated cell adhesion receptors in
psoriasis.

ACKNOWLEDGEMENT

This work was carried out under project no. GNK/DE/004 and GNK/
PA/47, of the faculty of Medicine, University of Amsterdam. We thank
the Dutch Medical and Scientific Research Council (NWO, projectd no.
900-306-178) for partial financial support.

Acta Derm Venereol (Siockh) 74

REFERENCES

2

12.

Bos JD. Hulsebosch HJ. Krieg SR, Bakker PM, Cormane RH.
Immunocompetent cells in psoriasis: in situ immunophenotyping
with monoclonal antibodies, Arch Dermatol Res 1983; 275: 181—
189,

. Raynaud F, Evain-Brion D. Protein kinase C activity in normal and

psoriatic cells: cultures of fibroblasts and lymphocytes. Br J Der-
matol 1991; 124: 542-546.

. Shimizu Y, Newman W, Tanaka Y. Shaw S. Lymphocyte interac-

tions with endothelial cells. Immunol Today 1992: 13: 106-112.

. Gottlieb AB, Immunologic mechanisms in psoriasis. I Am Acad

Dermatol 1988: 18: 1376-80.

. Boer O] de, Loos CM van der, Hamerlinck F. Bos JD, Das PK.

Reappraisal of in situ immunophenotypic analysis of psoriasis skin:
interacting HLA-DR* immunocompetent cells and endothelial cells
are a major feature of psoriatic lesions. Arch Dermatol Res [in
press].

. Boer OJ de, Wakelkamp 1, Pals ST, Bos JD, Das PK. Increased

expression of adhesion receptors in both lesional and non lesional
psoriatic skin. Arch Dermatol Res [in press].

. Boer O] de, Verhagen CE, Chand MA, Meinardi MMHM. Bos JD.

Das PK. Isolation and characterization of T cell lines from lesional
psoriatic  skin. Evidence for easy generation of cylotoxic
V31-TCR-v& T cells. [Submitted for publication].

. Loos CM van der, Das PK. Oord JJ van den, Houthoff HI. Multiple

immunoenzyme staining techniques. Use of fluoresceinated, bioti-
nylated and unlabelled monoclonal antibodies. J Immunol Method
1989; 117: 45-52.

. Duijvestijn AM, Horst E, Pals ST, Rouse BN, Steere AC, Picker LI,

Meijer CJ, Butcher EC. High endothelial differentiation in human
lymphoid and inflammatory tissues defined by monoclonal anti-
body HECA-452. Am J Pathol 1988; 130: 147-155,

. Berg EL, Yoshino T, Rott LS, Robinson MK, Warnock RA, Kishi-

moto TK, Picker LJ, Butcher EC. The cutaneous lymphocyte anti-
gen is a skin lymphocyte homing receptor for the vascular lectin
endothelial cell-leukocyte adhesion molecule 1. J Exp Med 1991:
174: 1461-6.

. Jaffe EA, Nachman RL, Becker CG, Minick CR. Culture of human

endothelial cells from umbilical veins. ] Clin Invest 1973; 52:
2745-56.

Das PK, Boer OJ de, Visser A, Verhagen CE. Bos D, Pals ST.
Differential expression of ICAM-1, E-selectin, and VCAM-1 by
endothelial cell in psoriasis and contact dermatitis. Acta Derm
Venereol (Stockh) 1994: Suppl. 186: 21-22,





