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Considerable evidence indicates that microvas-
cular changes observed in psoriasis are a result
of vascular proliferation. A critical step in the
sequence ofevents leading to neovascularization
involves interactions between endothelial ceUs
and extracelular matrix proteins mediated in
part by the integrin family of adhesion mole-
cules. A number of endothelial integrins have
been shown toparticipate in neovascularization,
including members ofthe (31, (33, and (34 subfam-
ilies. To investigate the role of these integrins in
psoriasis, specimens oflesional and nonlesional
skin were taken from 10 patients with active,
untreatedplaque disease. Vascular endothelium
was labeled with monoclonal antibodies specific
for a2, c5, a6, (31, av(3, and (34 integrins. The
use ofimage analysispermitted quantiftcation of
immunoperoxidase staining and comparison of
endothelial labeling in lesional and nonlesional
skin. There was a signfiJcant increase in endo-
thelial staining of ov(33 integrin in lesional com-
pared with nonlesional skin, both in superficial
and deep vasculature. In contrast, there was a
significant decrease in endothelial (84 staining in
lesional compared with nonlesional superficial
dermal vessels. ar2, ac, a6, and (31 staining
showed no significant difference between the two
groups. These results demonstrate an important
role of av(33 and (34 integrins in the microvascu-
lar changes ofpsoriatic lesions. (Am J Pathol
1995, 147:1661-1667)

Psoriasis is a common, chronic skin disorder char-
acterized by hyperproliferation of the epidermis, in-
flammatory cell accumulation, and increased tortu-

osity and dilatation of dermal papillary blood
vessels.1 The morphological changes observed in
psoriatic vessels result in an expanded microvascu-
lature within lesional skin.2 Evidence indicates that
this expansion results from vascular proliferation me-
diated by angiogenic factors.3

Under normal, physiological circumstances, an-
giogenesis is limited to embryonic development, the
endometrial cycle, and wound healing.4 However,
vascular proliferation is an integral part of the patho-
physiology of a number of inflammatory diseases,
such as rheumatoid arthritis, as well as being impor-
tant for the growth and metastatic capacity of tu-
mors.4 Studies of angiogenesis have shown that the
process occurs via a series of sequential steps. Ini-
tial proteolytic enzyme dissolution of the endothelial
basement membrane is followed by cell migration
and division to form sprouts that penetrate the
perivascular connective tissue. As sprouts elongate,
canalization develops proximally, and the resulting
hollow vascular tubes anastomose to form capillary
loops.5 The angiogenic pathway involves a variety of
interactions between endothelial cells and extracel-
lular matrix proteins,6 modulated by a number of
mitogenic factors.7 Integrins, a family of cell surface
molecules, play a key role in angiogenesis through
mediating adhesion to neighboring cells and extra-
cellular matrix and initiating intracellular signaling.8
Structurally, integrins are composed of a- and ,B-gly-
coprotein chains forming heterodimers that are ex-
pressed on the cell surface and linked to the cy-
toskeleton.9 These receptors bind to extracellular
matrix molecules through their external domain and
may directly attach to cytoskeletal elements through
their cytoplasmic domain. The ligand specificity and
signaling ability are determined by varying combina-
tions of a- and 13-integrin subunits.9 There are 14
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known a-subunits and 8 known ,8-subunits, and of
these, members of the /31, ,B3, and B4 subfamilies
have been shown to be expressed on endothelial
cells and to be important in angiogenesis.10-13 In
particular, studies of human granulation tissue have
demonstrated an increased expression of av,63 inte-
grin on proliferating vascular endothelium.13 Further-
more, in vivo studies have demonstrated inhibition of
angiogenesis by blocking this integrin.13
To determine the role of integrins in the vascular

changes of psoriasis we have compared the expres-
sion of a2, a5, a6, P1, /4, and avP3 integrins on
endothelium in lesional and nonlesional psoriatic
skin with a standard immunohistochemical tech-
nique. Quantification of immunoperoxidase staining
was achieved using hue-saturation-intensity (HSI)
color image analysis.

Materials and Methods

Patients
Ten patients with plaque psoriasis (seven males and
three females) between 31 and 77 years of age
(mean, 56 years) participated in this study after eth-
ical approval had been obtained. None of the pa-
tients were receiving systemic therapy and topical
treatment was limited to emollients alone for 2 weeks
preceding biopsy. Paired specimens were obtained
with 4-mm-punch biopsies from active plaque edges
and uninvolved skin. Nonlesional skin was biopsied
at least 4 cm from the edge of the nearest plaque.
Specimens were embedded in OCT compound,
snap frozen in liquid nitrogen, and stored until re-
quired.

Immunohistochemistry
Five-micron cryostat sections of tissue were
mounted on 3-aminopropyltriethoxysilane-coated
glass slides, air dried, and fixed with acetone. Non-
specific antibody binding was blocked by pretreat-
ment of sections with 20% normal swine serum. Sec-
tions were then labeled with a standard peroxidase
anti-peroxidase technique.14

Primary murine monoclonal antibodies (MAbs)
were used against a2 integrin (clone HAS6, kind gift
of Dr. F. Watt, Keratinocyte Laboratory, Imperial Can-
cer Research Foundation, Lincoln's Inn Fields, Lon-
don; used at a concentration of 10 ,.g/ml),15 a5 and
a6 integrins (clones SAM 1 and GoH3, respectively,
both obtained from Immunotech, Marseilles, France;
used at a concentration of 2 ,g/ml), /31 integrin
(clone PL 18.5, obtained from Takara Biomedicals,

Ltd.; used at a concentration of 1 ,ug/ml), /34 integrin
(clone 3E1, obtained from Life Technologies, Ltd.;
used at a dilution of 1:10,000), and av/33 integrin
(clone 23C6, kind gift of Dr. M. Horton, Haemopoi-
esis Research Group, Imperial Cancer Research
Foundation, St. Bartholomew's Hospital, London;
used at a concentration of 1.3 tLg/ml).16 MAb LM
609, which also recognizes av/33 integrin13 was the
generous gift of Dr. D. A. Cheresh (Scripps Institute,
La Jolla, CA) and was used at a concentration of 5
,ug/ml. Isotype controls of irrelevant specificity were
included in each assay.

Double immunofluorescence labeling was applied
to serial sections prepared as above. Sections were
incubated with two antibodies, one specific for von
Willebrand factor (rabbit polyclonal, obtained from
Dako, Carpinteria, CA) and the other specific for one
of /81, /34, or av/33 integrins (see above). This step
was followed by sequential incubations with second-
ary antibodies; trimethylrhodamine isothiocyanate
(TRITC)-conjugated rabbit anti-mouse (Dako) and
fluorescein isothiocyanate (FITC)-conjugated don-
key anti-rabbit (Jackson Immunoresearch Laborato-
ries, West Grove, PA).

Image Analysis
The HSI method of color image analysis was per-
formed with a JVC 3 chip color TV camera linked to
a personal computer containing color image pro-
cessing boards (Data Translation, Marlborough, MA)
with Colour Freelance software (Foster-Findlay Asso-
ciates, Newcastle on Tyne, UK).17

HSI color image analysis is largely independent of
light intensity and allows reliable and reproducible
detection of a particular color, in this case the brown
immunoperoxidase reaction product. The method re-
lies on a thresholding technique, detecting peroxi-
dase staining at a given point (pixel) in an all-or-none
manner. Biological variation in concentration of la-
beled molecule means that, in areas of elevated
concentration, a greater proportion of the pixels ex-
ceed the detection thresholds and are registered as
positive. In calibration experiments with media con-
taining a uniform concentration of antigen, a sigmoid
relation was observed between the percentage of
the area stained and the concentration of antigen.18

Quantification of vascular staining entailed initial
manual outlining of the vessel under analysis with a
mouse facility. Detection of total vascular tissue
within the outlined zone (excluding vessel lumen)
and calculation of its area in pixels was performed
automatically. The system then detected those pixels
in the vessel wall that were within the appropriate
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range of HSI values for the reaction product. For
each vessel studied, the number of positive pixels
were divided by the total number of pixels within that
vessel. This value, expressed as the percentage of
endothelial staining, gave quantitative expression to
the concentration of labeled molecule and thus to
observed staining intensity.
Coded slides were analyzed with the single oper-

ator blind to the diagnosis. In each section, 10 ves-

sels in the superficial dermis and 4 in the mid/deep
dermis were randomly selected. The percentage of
endothelial staining was calculated for each vessel
and a mean value obtained for each subject. The
mean percentage of staining for (1, (34, and av(3
integrins was calculated from the summation of
mean values from all 10 subjects.

Statistics

Data were expressed as mean ± SEM. Statistical
analysis of the data was performed by the Wilcoxon
signed-rank test. Differences were taken as signifi-
cant when P < 0.05.

Results

av(33 Integrin
Anti-av(33 MAbs (23C6 and LM 609) labeled endo-
thelium widely in all sections studied (Figure 1). Rel-
ative uniformity in the intensity of staining was seen

within different zones of the vascular plexus. Smooth
muscle of the pilosebaceous unit also stained with
23C6 and LM609. Application of image analysis to
sections labeled with MAb 23C6 demonstrated a

3-fold increase in the mean percentage of endothe-
lial staining of 42.35 ± 4.28 in lesional superficial
vessels, compared with 15.44 ± 2.10 in nonlesional
superficial vessels (P < 0.01, Figure 2). There was a

less significant increase in the percentage of endo-
thelial staining of deep vessels of 38.91 ± 4.97 in
lesional skin, compared with 23.11 ± 10.91 in non-

lesional skin (P < 0.05).
For all integrins studied there was no quantitative

difference in endothelial staining between deep and
superficial vessels within lesional or nonlesional
groups (results not shown).

,B4 Integrin
Anti-(4 MAb (3E1) labeled the basement membrane
zone of all structures including epidermis and endo-
thelium (Figure 1). As previously reported, (4 la-
beled basal and suprabasal keratinocytes in lesional

and nonlesional skin.19 There was a significant de-
crease in the mean percentage of endothelial 34
staining of superficial vessels in lesional skin, 44.22
± 2.51, compared with nonlesional skin, 59.61 ±
3.82 (P < 0.01; Figure 2). Image analysis did not
demonstrate a significant difference in deep vessel
(34 staining between lesional and nonlesional spec-
imens.

a2, a5, a6, and (1 Integrins
The integrin subunits a2, a5, and a6 commonly as-
sociate with (31 to form the complexes a231, a5p1,
and a6,31. Immunohistochemical staining with MAbs
specific for a2 (HAS6), a5 (SAM1), a6 (GoH3) and
,31 (PL18.5) all labeled vascular endothelium without
detectable difference in intensity of staining between
the two groups. In view of this, image analysis to
quantify staining intensity was performed on those
sections labelled with (1 alone (fig 1). The mean
percentage endothelial staining in nonlesional su-
perficial vessels was 61.77 ± 6.03 SEM, compared
with 49.15 ± 5.14 SEM in lesional superficial vessels
(fig 2). This difference was not statistically signifi-
cant. Similarly, there was no significant difference in
deep vessel (31 staining between the two groups
(results not shown). Pilosebaceous smooth muscle
and basal keratinocytes were also labelled with
PL18.5. Basal keratinocyte staining with anti-:1 inte-
grin was noticably less intense in lesional skin com-
pared with nonlesional skin, as previously de-
scribed.19

Immunofluorescence Double Labeling
Immunofluorescence double labeling with polyclonal
antibody specific for von Willebrand factor confirmed
vascular endothelial labeling by anti-integrin anti-
bodies (Figure 3).

Discussion
Our data comparing the expression of endothelial
integrins on dermal microvasculature in psoriasis
demonstrate a significant increase in av133 expres-
sion and a significant decrease in (34 expression in
lesional versus nonlesional skin. There was no signif-
icant change in a2, a5, a6, or (31 integrin expression
between these two groups.

Considerable evidence indicates that microvascu-
lar changes observed in psoriasis are a result of
angiogenesis. A number of known angiogenic fac-
tors have been shown to be overexpressed in le-
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Figure 1. Expression ofavf33, (34, and (31 integrins on superficial cutaneous microvasculature(arrows) oflesional and nonlesional skin inpsoriasis.
Immunohistochemical staining ofpaired frozen sections with monoclonal antibody (MAb) 23C6, specific for av83 integrin, demonstrates an
increased endothelial expression in lesional (B) compared with nonlesional (A) skin. MAb 3E1, specific for (34 integrin, demonstrates a decreased
endotbelial expression in lesional (D) compared with nonlesional (C) skin. MAb PL18.5, specificfor ,B1 integrin, demonstrates similar expression in
nonlesional (E) and lesional (F) skin. Magnification, X28.
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Figure 2. Percentage of endothelial staining of superficial dermal
vessels in nonlesional (NL) and lesional (L) psoriatic skin labeled with
MAbs specific for av(33, (4, and (31 integrins. Tbe mean percentage
values (plus SEM) of vascular staining quantified by HSI color image
analysisfrom paired biopsies in 10 patients with psoriasis are shoun.

sional epidermis in psoriasis including transforming
growth factor-a,20 interleukin-8,21 22 vascular endo-
thelial growth factor,23 and tumor necrosis factor-
a.24 In addition, psoriatic keratinocytes in culture
produce increased amounts of interleukin-8 and de-
creased expression of the angioinhibitory factor
thrombospondin.22 Although these mitogenic factors
possess activity on a wide range of cell types, the
above studies strongly support the hypothesis that
vascular proliferation in psoriasis is driven by kerati-
nocyte-derived soluble mediators.
The cell-cell and cell-matrix interactions that ac-

company angiogenesis are mediated in part by sur-

face-bound integrins.3 Consequently, phenotypic
changes in angiogenic vasculature will be reflected
in endothelial integrin expression. In vivo and in vitro
studies have demonstrated the importance of a num-

ber of endothelial cell-bound integrins in angiogen-
esis including a2, a6, av, (1, (3, and 34.10-13
An in vitro study of angiogenesis has shown that

cultured endothelial cells can be completely inhib-
ited from tube formation by MAb to (31 integrin.10
However, immunohistochemical studies showed no

increased expression of 31 integrin on proliferating
vessels of human granulation tissue or on basic fi-
broblast growth factor-induced neovasculature in
the chick chorioallantoic membrane assay of angio-
genesis.13 These latter findings correlate with our

data, which show no significant change in (31 ex-

pression or in the expression of a2, a5, and a6
integrins on psoriatic vessels.

(34 integrin associates with a6 to form a complex
that recognizes laminin and is a major component of
hemidesmosomes, structures involved in the attach-
ment of epithelial cells to basement membranes. The
role of (34 integrin in endothelial cell/basement mem-
brane interactions is unclear, although a similar an-
choring role is postulated.25 Confocal microscopic
examination of angiogenic sprouts in human neona-
tal foreskin endothelium has shown an increased
expression of a6 and (4 integrins.12 These observa-
tions are surprising because endothelial cells leave
the laminin-rich milieu of the basement membrane
during the migratory phase of angiogenesis. In ad-
dition, in vitro studies have demonstrated that dermal
microvascular cells do not synthesize significant
amounts of A-chain laminin, the ligand for a6f34.12
Cultured human dermal microvascular endothelial
cells demonstrate decreased expression of ,34 inte-
grin after stimulation with basic fibroblast growth fac-
tor, a potent angiogenic factor.26 Our observations
also demonstrate a significant decrease in endothe-
lial (4 expression in involved psoriatic microvascu-
lature. During angiogenesis, endothelial cells must
dissociate from the laminin-rich basement mem-
brane, which may be facilitated, in part, by down-
regulation of 134 integrin expression.
The (3 subfamily of integrins consists of the P3

chain associated with alIlb or av chains. On nucle-
ated cells, (33 is associated with a 150-kd chain, av,
found to be identical to a protein previously de-
scribed as a constituent of the vitronectin receptor.27
As well as vitronectin, av,B3 integrin is capable of
binding to a number of ligands including fibrinogen,
thrombin, von Willebrand factor, and throm-
bospondin. Immunohistochemistry studies of wound
healing have demonstrated an increased expression
of avI33 integrin on proliferating vessels.'3 On the
chick chorioallantoic membrane, angiogenesis is
also accompanied by an increased expression of
av(33 integrin. Blockade of avB33 integrin with MAb in
this assay leads to an inhibition of angiogenesis.13
Basic fibroblast growth factor increases the expres-
sion of av(33 on cultured human dermal microvascu-
lar endothelial cells with concomitant morphological
changes and increased cellular binding to vitronec-
tin-coated surfaces.2829 Our studies of integrin ex-
pression in psoriasis have shown a significant in-
crease in endothelial avP3 integrin expression in
lesional compared with nonlesional dermal micro-
vasculature. This provides additional evidence to
support the involvement of angiogenesis in psoriasis
and indicates that endothelial av(33 integrin may
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Figure 3. Expression of azv33 integrin complex on microvascular endotbelium in psoriasis. Double immunofluorescence of lesionalpsofiatic skin
demonstrates localization of av,B3 integrIn (A; using MAb LM 609 labeled witb TRITC) witb vascular endotbelium identified witb von Willebrand
factor (B; FITC labeled). Magnification, x 560.

have an important role in the pathophysiology of this
disease.

The importance of investigating vascular prolifer-
ation in psoriasis not only furthers our understanding
of pathogenetic mechanisms but also assists the
development of new therapeutic strategies. There is
evidence to suggest that current treatments includ-
ing methotrexate, cyclosporin A, photochemo-
therapy, and Goeckerman's therapy act, in part, via
normalization of psoriatic microvasculature.30'31
Similarly, the therapeutic effect of razoxane in psori-
asis is thought to be attributable to its action on
abnormal vessels.32 Further elucidation of the angio-
genic process, such as the role played by proteolytic
enzymes,33 may reveal possible targets for pharma-
cological intervention. Angiogenic inhibitors, such as
suramin analogues and the fumagillin derivative
AGM-1470, are currently being evaluated for devel-
opment as anti-cancer drugs.34 A parallel approach
to develop angiosuppressive agents in psoriasis
may yield more effective therapies for this disease.
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