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Update reviews

Role of vasculature in atopic dermatitis

Martin Steinhoff, MD, PhD,*" Antje Steinhoff, PhD,? Bernhard Homey, MD,® Thomas
A. Luger, MD,?° and Stefan W. Schneider, MD? Miinster and Diisseldorf, Germany

Atopic dermatitis (AD) lesions are characterized by differences
in the activation state of endothelial cells and vascular smooth
muscle cells and the release of inflammatory mediators by
and toward the vasculature. The vascular system, including
endothelial cells and smooth muscle cells, is ultimately involved
in clinical symptoms of AD, such as erythema, edema, leukocyte
recruitment, and white dermographism. Various mediators
and bidirectional neurovascular interactions regulate the
inflammatory response during AD. T cell-endothelial cell
interactions are a crucial component to establish acute AD.
Various immune cells, including monocytes and mast cells,
communicate with the endothelium by releasing inflammatory
mediators, thereby stimulating inflammatory mediator release
from activated endothelial cells. The process of adhesion,
tethering, and transmigration of infiltrating cells is a highly
regulated and an active communication process between
endothelial cells and leukocytes. Endothelial cells play a pivotal
role in the pathophysiology of AD and represent future
targets for the treatment of AD. (J Allergy Clin Immunol
2006;118:190-7.)
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NEUROVASCULAR INTERACTIONS IN
ATOPIC DERMATITIS

The skin of patients with atopic dermatitis (AD) is
characterized by atypical vasoconstrictive responses to
trigger factors, such as mechanical (white dermographism)
or chemical (eg, acetylcholine) stimuli. These patients
show a pronounced vasoconstriction after exposure to
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Abbreviations used
AD: Atopic dermatitis
CAM: Cell adhesion molecule
CLA: Cutaneous lymphocyte antigen
ICAM: Intercellular adhesion molecule
NO: Nitric oxide
PAR,: Proteinase-activated receptor 2
PG: Prostaglandin
SPLA[2]-IIF: Soluble phospholipase A-IIF
VCAM: Vascular cell adhesion molecule

cold and a lower temperature of the body appendices.
The underlying pathophysiologic mechanisms of these
phenomena are still poorly understood. The role of the
[3-adrenergic receptor system in the pathophysiology of
vascular events during AD is still controversial.

In AD the Ty1-Ty2 paradigm has been central to inter-
preting quantitative differences in cytokine expression in
response to environmental stimuli or stress.> In addition,
other mechanisms (eg, oxidative stress pathways, gluco-
corticoid resistance, nerve—mast cell interactions, and in-
testinal dysbiosis) and a broader range of mediators (eg,
chemokines, amines, oxidative products, proteases, and
neuropeptides) produced by cells communicating with
the dermal vasculature might be involved, delineating
the true complexity of the mechanisms linking stress to
AD (Fig 1).*> Thus the vascular endothelium comprises
a central place for the regulation of acute and chronic
inflammatory responses during AD.

The dermal vasculature is highly innervated. Neuro-
peptide-positive nerve fibers are prominently increased in
lesions of AD* and modulate itching, as well as inflamma-
tion (eg, by stimulating mediator release from mast cells
[IL-4, TNF-a, histamine, and tryptase]). Neurotrophins,
such as nerve growth factor or brain-derived neurotrophic
factor, adapt the function of mast cells and eosinophils as
effector cells in AD.% Therefore a dysregulated interac-
tion between the skin vasculature and sensory nerves links
pathogenic events during AD (Table I).

In addition to their neurotrophic effects, neurotrophins
can be also regarded as inflammatory cytokines. In par-
ticular, they exert a networking effect on neurons, skin
structural cells (keratinocytes and fibroblasts), and invading
immune cells, which simultaneously operate as a source,
as well as a target, for neurotrophins during inflammation.
Neurotrophins have also been proved to exert angio-
genetic and microvascular remodeling activity during
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FIG 1. Sequential steps of leukocyte extravasation and the various tethering and adhesion molecules,
chemokines, and receptors involved. ESL, E-selectin ligand; HSPG, heparan sulfate proteoglycan; LFA, leuko-
cyte function-associated antigen; CCR2, CCL2/MCP-1/3 receptor; CCR5, CCL1/-5/RANTES receptor; CXCR3,
CXCL9/10/11 receptor; CXCR4, SDF-1/CXCL12 receptor; PECAM-1, platelet/endothelial cell-adhesion molecule
1, JAM, junctional adhesion molecules; PSGL, P-selectin glycoprotein ligand; s-Le-X, sialyl-Lewis-X carbohy-

drate antigen; VLA, very late antigen (modified from Steinhoff et al* and Radeke et al

allergic airway inflammation.® Thus an innovative future
perspective in research could be to investigate the angioge-
netic effects of neurotrophins in AD.

Furthermore, patients with AD have exaggerated vaso-
dilator responses to emotional stress, with consequent
pruritus and scratching. Of note, during vasodilatation,
the threshold for itching is decreased, its duration is pro-
longed, and the frequency of nighttime scratching move-
ments is dramatically enhanced, suggesting an interaction
of nerves and vasculature in the pathophysiology of AD.

THE ROLE OF VASCULAR ENDOTHELIUM
DURING AD

Cell adhesion between the endothelium and inflamma-
tory cells is an important early step during AD (Fig 1).

ADHESION MOLECULES

Several observations are in favor of an important role
of selectins and cell adhesion molecules (CAMs) in AD

®).

(Table II). For example, soluble E-selectin and soluble
intercellular adhesion molecule (ICAM) 1 levels are
enhanced in children with AD. Moreover, the levels of sol-
uble E-selectin were significantly increased in patients
with severe AD over those seen in patients with mild
AD. A positive correlation with individual clinical activity
was also found for changes in soluble E-selectin and
soluble vascular cell adhesion molecule (VCAM) 1 levels.
Soluble E-selectin levels were correlated with serum IgE
levels and the number of eosinophils. Soluble VCAM-
1 levels correlated with the number of monocytes. The
expression of VCAM-1 was significantly enhanced in pa-
tients with erythrodermic AD compared with those with
nonerythrodermic AD lesions.” An increased expression
of L-selectin can be detected in the CD4™ T cells of
patients with AD. In this context TNF-a and IL-4 seem
to be pivotal for endothelial-lymphocyte interactions.

INTEGRINS

Leukocyte extravasation depends on the expression and
activation of a subset of integrins (Fig 1). For example,
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TABLE I. Mediators in AD
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Family of mediators Mediator Receptor Effects
Cytokines IL-1 IL-1R ICAM-11; E-selectin? >microvascularization,
endothelial cells
L4 IL-4R IL-4" mast cells correlate with allergic wheal
reaction
Induces CCL17 and CCL22
IL-6 IL-6R, which is activated General early proinflammatory mediator and not
in autocrine manner restricted to AD
IL-8 CXCR?2 on EC surface Activation of neutrophils
IL-13 IL-13R Anti-inflammatory effects by decreasing
inflammatory cytokines in endothelial cells
Induces CCL17 and CCL22
1IL-17 IL-17R Induces IL-1 secretion and upregulation of
CAMs
1-31 IL-31RA and OSMR CLA™ T cells from patients with AD are able to
produce higher levels of IL-31 in comparison
with skin of patients with psoriasis and healthy
skin
TNF-a TNF-a R General endogenous pyrogen or cachectin
Causes NF-kB activation as a transcription
factor > involvement in inflammation and
regulation of CAMs
Strong inducer of endothelial cell activation
Chemokines CCLI11 CCR 3 on EC surface Accumulation of eosinophils
CCL13 CCR3 on EC surface Attracts monocytes, lymphocytes, basophils and
eosinophils but not neutrophils
CCL17 CCR4 Recruitment of memory T cells to sites of skin
inflammation
Cooperation of CCL21 and CCL17: mediation
of leukocyte arrest and diapedesis; lympho-
cytes get to site of inflammation during AD
Induced by IL-4 and IL-13
CCL18 Attracts lymphocytes
CCL21 CCR7 Expressed by activated endothelial cells > T-cell
migration
CCL22 CCR4 Closely related to the Ty2 cytokine response
Induced by IL-4 and IL-13
See CCL17
CCL27 CCR10 on EC surface Attracts and plays a role in mediating homing of
lymphocytes
PGs and leukotrienes PGE,, PGE-R Vasodilatation
PGE, PGE,-R Vasodilatation, no increased protein

Nitric oxide

Histamines

Proteases

sPLA(2)-IIF

Leukotriene E4

NO

Histamine

Tryptase

Leukotriene receptor

HIR

PAR,

extravasation in AD

Potent regulator of arachidonic pathway,
participates in inflammatory processes

Expressed by capillary endothelial cells

Increased urinary levels proportional to disease
level and possibly according to sensitization
with allergens

Potent vasodilatator by regulation of vascular
tone and responsiveness to histamine,
bradykinin, PGE,

Regulates airway function and inflammation,
immunomodulation, oxidative damage

Vasodilatation, increased vascularization and
permeability, smooth muscle contraction,
sensory nerve stimulation, limited role in AD

Vasodilatation, edema, plasma extravasation,
flush?, mediator release (TNFa, NO, IL-1,
1L-6), cleaves CGRP

ICAM-11, E-selectin 1

OSMR, Oncostatin M receptor; NF-«kB, nuclear factor kB; EC, endothelial cell; H/R, histamine 1 receptor; CGRP, calcitonin gene-related peptide.
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TABLE Il. Cell adhesion molecules in AD
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CAM Tissue distribution Ligand Effects
Selectins L-selectin Leukocytes Sialyl-Lewis of CD34 and Shed from CD4™ T cells of
GlyCAM-1 on venules patients with AD
P-selectin PSGL-1, Sialyl-Lewis Attaching leukocytes to

Alpha-granules of platelets
and stored in endothelial
cells (Weibel-Palade bodies)

E-selectin Activated endothelial cells

Soluble E-selectin Serum

Integrins VLA-4 (04P31-integrin)  Leukocyte membrane

VLA-5 (asP3-integrin)
LFA-1 (o Bo-integrin)

Monocytes, macrophages

Monocytes, T-cells,
macrophages,
dendritic cells, neutrophils

Mac-1 (amBo-integrin)  Monocytes, macrophages,

neutrophils

Ig superfamily ICAM-1 Expressed on keratinocytes
and fibroblasts after
stimulation of TNF-a

or IFN-y

Soluble ICAM-1 Increased serum levels in

AD, psoriasis,
metastatic melanoma

ICAM-2
ICAM-3

Endothelium (constitutively)

Monocytes; lymphocytes;
Langerhans cells

Soluble ICAM-3 Increased levels in

AD and psoriasis

VCAM-1 Activated endothelium

Soluble VCAM

PECAM-1 (CD31) Platelets, intercellular

junctions of endothelium

on leukocytes

Sialyl-Lewis on leukocytes;
ESL-1 on myeloid cells

Sialyl-Lewis on leukocytes

VCAM-1

Fibronectin

ICAMs on endothelial cells

Only ICAM-1

LFA-1, Mac-1

LFA-1
LFA-1 (CD11a/CD18)

VLA-4

CD31

endothelium
Tyl cell extravasation
Recruitment of eosinophils
Increased expression of
P-selectin in AD triggered
by TNF-a and IFN-y

Adherence of leukocytes is
enhanced

Binding to CLA

Tyl cell extravasation

E-selectin in AD triggered
by TNF-a and IFN-y

Correlates with disease
activity

Attachment of leukocytes to
high endothelial venules

Enhanced in AD

Contributes to leukocyte
adhesion

Increased levels in AD

Constitutively expressed

Extravascular migration of
monocytes and eosinophils

Positive correlation between
clinical stadium of AD and
soluble E-selectin and
soluble VCAM levels;
also correlated with number
of monocytes

Leukocyte passage from
blood vessels

diseases, and anaphylaxis
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TABLE Il. (continued)

J ALLERGY CLIN IMMUNOL
JULY 2006

CAM Tissue distribution

Ligand Effects

CLA Expressed on T-effector cells

Binding to E-selectin

Selective role of CLA in
homing T cells to the
cutaneous tissues and
playing a role in skin
inflammatory reaction

CLA" T cells from patients
with AD are able to
produce higher levels of
IL-31 in comparison with
skin of patients with
psoriasis and healthy skin

GlyCAM-1, Glycosylation-dependent cell adhesion molecule 1; PSGL-1, P-selectin glycoprotein ligand 1; ESL-1, E-selection ligand 1; VLA, very late antigen;
LFA-1, leukocyte function-associated antigen 1; PECAM-1, platelet/endothelial cell-adhesion molecule 1.

tight adhesion of the leukocytes depends on CDl1la-
CD18 integrin binding to endothelial junctional adhesion
molecule A. Recently, it was reported that members of the
junctional adhesion molecule family, which localize to en-
dothelial junctions, are also involved in transmigration. '’

In general, the importance of integrins regulating
leukocyte-endothelial interactions is well established.
However, only few publications exist focusing on integrin
expression in atopic skin. o Integrin is highly expressed
on endothelial cells in lesional and nonlesional skin in
patients with AD.'" Anti-B, integrin antibodies effec-
tively suppressed eosinophil accumulation in both me-
diator-induced and allergic inflammation of guinea pig
skin, and anti-o4 antibodies attenuated eosinophilic cell
recruitment in allergic skin. However, antibodies did
not directly affect eosinophils, suggesting the participa-
tion of other cells involved in mediating the above-
mentioned effect.'?

SELECTINS

Selectins are a family of 3 c-type lectins. P-Selectin
(CD62P) is intracellularly stored in platelets and endothe-
lial cells (Fig 1). The main ligand for P-selectin is P-selec-
tin glycoprotein ligand 1 expressed on myeloid, lymphoid,
and dendritic cells.'? The other P-selectin ligand is CD24,
which can mediate cell rolling on inflamed endothelium
independent of P-selectin glycoprotein ligand 1. E-selec-
tin (CD62E) is synthesized and expressed solely by endo-
thelium. Expression is regulated by TNF-a, IL-1, IL-6,
LPS, thrombin, and substance P, for example. E-selectin
expression is detectable on the dermal endothelium of
all inflammatory dermatoses.'*

Both selectins were found to be expressed in the skin
of patients with AD but, interestingly, not in the skin
of nonatopic individuals. E- and P-selectin were highly
expressed in the lesional skin of patients with AD and less
pronounced in the nonlesional skin of patients with AD.
However, there were no differences in the expression
between the 2 different types of erythrodermia.’ It is

proposed that cytokines, such as TNF-a and IFN-y, are
responsible for the increased expression of selectins.
Selectins facilitate T-cell (Ty1 but not Ty2) extravasation
in the lesional but also in the nonlesional skin of patients
with AD, ' thus explaining the presence of increased T cells
in the nonlesional skin of patients with AD. Both selectins
are highly expressed in lesional skin to facilitate the T-cell
extravasation.'® Despite the homing receptor for T cells,
cutaneous lymphocyte antigen (CLA), as a ligand for
E-selectin, fucosyltransferase might be a prominent hom-
ing factor for eosinophils. Thus P-selectin might be an
important mediator of eosinophil recruitment in AD.

Selectins can also be used as a marker for disease
activity. The plasma concentration of soluble E-selectin in
children significantly correlated with disease activity,'”
whereas soluble P-selectin, soluble ICAM-1, and soluble
VCAM-1 levels were unchanged. Soluble E-selectin ap-
pears to be the best serologic marker to determine disease
activity in AD thus far." 8 Plasma concentration of soluble
E-selectin is a reliable marker of disease activity on treat-
ment with cyclosporin A.

Recent findings indicate an important role of CLA, a
counterrecptor of E-selectin, in the pathophysiology of
AD. CLA is a glycoprotein leading to the homing of T
cells specifically to the skin. The skin specificity of E-
selectin/CLA binding makes this an attractive target for
biologic therapy of inflammatory skin disease. Whether
soluble E-selectin has any direct pathogenic role in AD or
is merely a reflection of skin inflammation is still under
debate."”

The last member of the selectin family is L-selectin. L-
selectin is expressed on almost all leukocytes and involved
in their rolling on inflamed vascular endothelium before
firm adhesion and transmigration. CD62L expression on
murine CD4™" T-cell subsets revealed that surface expres-
sion was maintained on Ty cells but not on T2 cells.?°
Therefore its role in the pathogenesis of AD needs to be
elucidated.

Although selectins were originally investigated as
adhesion molecules, there is now considerable interest in
their role as signaling molecules.
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TABLE Illl. Frontiers in vascular research in AD
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Frontier Possible therapeutic consequence

Selected reference

JAM-B and JAM-C contribute to leukocyte
extravasation in murine skin

Histamine H4 receptor expressed on mast
cells and leukocytes

JAM-B and JAM-C as potential targets for
cutaneous inflammation, including AD
Anti-H4 receptor treatment in AD

Ludwig et al*

De Esch et al®!

IL-31 IL-31 involved in neurovascular modulation? Sonkoly et al*?
Chemokines Small-molecule antagonists as potential Homey™
therapy
Integrins Integrin inhibition as potential therapy Jung et al'® and
for AD Teixeira et al'’

Soluble E-selectin as marker for disease

Small-molecule antagonists as potential

Wolkerstorfer et al'®

activity therapy for AD

E-selectin/CLA binding

Blocking of one or the other binding site to

Wolkerstorfer et al'®

avoid homing of lymphocytes, especially

to the skin
SOCS suppressors of cytokine signaling

Ty1-Ty2 balance

Kubo and Inoue®*

proteins > lower number of Ty2 cells

Immunosteroids produced by

Matsuzaki et al*®

immunoregulatory cells

PAR, PAR, inhibitors suppress vascular responses Steinhoff et al***¢
during AD
Neuropeptides Antagonists for neuropeptides (SP, Steinhoff et al*

CGRP, PACAP) regulating
neurogenic inflammation

JAM, Junctional adhesion molecule; SOCS, suppressor of cytokine signaling; SP, substance P; CGRP, calcitonin gene-related peptide;

PACAP, pituitary adenylate cyclase-activating polypeptide.

IG SUPERFAMILY

CAMs were first described as ligands or counter-
receptors for integrins. They constitute 1 or more Ig-like
domains and are characterized by fibronectin-repeat se-
quences. CAMs activate leukocytes, thereby increasing
the avidity of binding to other leukocytes and endothe-
lial cells to facilitate leukocyte migration (Fig 1). They
also modulate activated fibroblasts and keratinocytes to
enhance the capability of leukocyte recruitment to the
site of inflammation.

ICAM-1 is rarely expressed by normal endothelium but
is dramatically increased after stimulation by inflamma-
tory mediators. [CAM-2, constitutively present on endo-
thelium, is not increased by inflammatory stimuli. ICAM-3
is constitutively expressed by resting monocytes, lympho-
cytes, and Langerhans cells. It binds to leukocyte function-
associated antigen 1 (CD11a/CD18). ICAM-1 contributes
to leukocyte adhesion through leukocyte function-associ-
ated antigen 1 and Mac-1 [3,-integrins. VCAM-1 expres-
sion is increased after cytokine stimulation and binds the
o4f3;-integrin, thereby mediating extravascular migration.
Platelet/endothelial cell-adhesion molecule 1/CD31) is
found in platelets and endothelium, where it contributes
to leukocyte passage from blood vessels.

ICAMs and VCAM can be cleaved and released into
tissue fluids in a soluble form. Soluble ICAM-1 is released
by blood mononuclear cells but not by epithelial cells,
fibroblasts, or the endothelium. Soluble ICAM-1 might be
increased 2- or 3-fold in inflammation.>' Soluble ICAM-
1 levels are increased in the serum of several dermatologic

diseases, including AD, psoriasis, and metastatic mela-
noma,22 and correlates with clinical severity. Soluble
ICAM-2 does not exist. Soluble ICAM-3 is increased in
the serum of patients with AD and psoriasis but is less rel-
evant to disease activity than soluble ICAM-1. The role
of soluble VCAM in AD is unknown, but expression of
VCAM-1 was shown to be enhanced in patients with
erythrodermic AD compared with AD lesions.’

MEDIATORS REGULATING ENDOTHELIAL
CELL FUNCTION DURING AD

Histamine

Histamine is an important mediator of vascular
function, causing vasodilation, increased vascular perme-
ability, smooth muscle contraction, and sensory nerve
stimulation through the histamine 1 receptor, thereby
contributing to erythema, edema, and pruritus. Although
an important role of histamines in allergic rhinoconjuncti-
vitis and urticaria is well established, the effect of hista-
mine and the histamine 1 receptor in patients with AD
remains controversial because nonsedative antihistamines
are not very effective in AD, and the concentrations of
histamine are unchanged compared with those seen in
control subjects.”

Tryptase and proteinase-activated receptor 2

Mast cell tryptase mediates vasodilatation, edema,
plasma extravasation, and mediator release from endo-
thelial cells and smooth muscle cells?* and cleaves the
vasodilatator calcitonin gene-related peptide. Tryptase
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antagonists are beneficial for the treatment of asthma and
atopic disease. The receptor proteinase-activated receptor
2 (PAR)) is activated by tryptase on dermal endothelium,
thereby stimulating ICAM-1 and E-selectin upregulation
or activating nuclear factor kB. The concentration of tryp-
tase and the expression of PAR; is increased in the lesional
skin of patients with AD, suggesting a role of tryptase and
PAR; in vascular regulation during AD.*

Cytokines and ILs

Thus far, 32 ILs have been defined, some of which
contribute to vascular regulation. Cytokines can exert ei-
ther proinflammatory or anti-inflammatory responses on
microvascular endothelial cells, and various cytokines
work synergistically during AD (Fig 1). IL-1 contributes
to the activation of dermal microvascular endothelial cells
through upregulation of ICAM-1 or E-selectin. IL-4*
mast cells are highly associated with the extent of imme-
diate allergic wheal reaction in the skin. IL-6 is both gen-
erated by endothelial cells and can act on these cells
through activation of the IL-6 receptor. As a general early
proinflammatory mediator, IL-6 is not restricted to AD.
Another cytokine, IL-13, acts as an anti-inflammatory
agent by decreasing the production of inflammatory cyto-
kines in endothelial cells. IL-17 induces IL-1 secretion and
upregulation of CAMs, such as ICAM-1, from dermal
endothelial cells.

TNF-a is a strong inducer of endothelial cell activation,
resulting in nuclear factor kB activation and regulation
of CAMs. However, RNA and plasma levels of TNF-c,
STNF-R55, and sTNF-R75 were not different between
atopic and nonatopic children.”

Chemokines

During this multistep process, chemokines mediate the
firm adhesion of receptor-bearing rolling leukocytes to the
endothelium and initiate transendothelial migration (Fig
1). In peripheral tissues matrix-bound sustained chemo-
kine gradients direct leukocytes to distinct anatomic loca-
tions. In this issue a review by Homey26 provides an
overview on the role of chemokines in the immunopatho-
genesis of AD.

Chemokines contribute to the bidirectional cross-talk
between endothelial cells and leukocytes. In AD lesions
dermal endothelial cells produce a variety of chemokines,
which are secreted and presented at the luminal surface
of the endothelium through glucosaminoglycan binding.
Furthermore, endothelial cells are able to take up che-
mokines produced by keratinocytes, fibroblasts, and leu-
kocytes within the vessel microenvironment through
transcytosis and present them at the luminal side to
circulating leukocytes. Endothelial cells not only express
chemokine ligands but bear chemokine receptors on their
cell surface (CCR3, CCR8, CCR10, CXCR2, CXCR3,
and CXCR4). Chemokines can mediate angiogenic, as
well as angiostatic, responses. In AD CCL1, CCL11, and
CCL26 within lesional skin can interact with CCR8* and
CCR3" endothelial cells to induce angiogenesis and tissue
remodeling.

J ALLERGY CLIN IMMUNOL
JULY 2006

Prostaglandins

A body of evidence suggests that prostaglandins
(PGs) are involved in vascular regulation, cutaneous in-
flammation, and pruritus of patients with AD. In AD
enhanced local vasodilatation after intradermal injection
of PGE,, but not PGE,, was observed. Accordingly, even at
the highest concentrations of PGE,, increased superficial
blood flow but no protein extravasation was observed.
Thus PGE, might be a histamine-supporting agent in AD.
No significant differences in serum concentrations of
PGE,; were found in patients with AD compared with con-
centrations found in control subjects. Soluble phospholipase
A-IIF (sPLA[2]-IIF) is expressed by capillary endothelial
cells. Interestingly, IL-1 stimulated expression of COX-2
and microsomal PGE synthase induced by sPLA(2)-IIF,
suggesting that sSPLA(2)-IIF is a potent regulator of the
arachidonic pathway and might participate in cutaneous
inflammation.?’

REACTIVE OXYGEN SPECIES AND
NITRIC OXIDE

Nitric oxide (NO) is a potent vasodilator regulating
vascular tone and modulating vasodilator responses of
other inflammatory mediators. NO plays a pivotal role
in the regulation of inflammation, immunomodulation,
and oxidative damage to cells and tissues. Endothelial NO
synthesis is believed to be the main source of NO, although
it can be also released from nerves and leukocytes. In AD
lesions inducible nitric oxide synthase was closely asso-
ciated with the upper dermal microvasculature of inflam-
matory, but not noninflammatory, lesions.”® However,
because of difficulties of direct NO measurement in the
skin, the function of NO in AD is still poorly understood.
Increased nitrate levels were found in infants with AD,
stimulating vasodilation, edema, and probably expansion
of Tyl cells.”’ In contrast, others could not find a signifi-
cant difference of nitrite-nitrate concentrations in patients
with AD versus control subjects.

The correlation of oxidative stress and altered anti-
oxidant defenses was studied in children with AD.
Interestingly, urinary concentrations of certain oxidative
stress markers (8-hydroxy-2’-deoxyguanosine, acrolein-
lysine adducts, and bilirubin oxidative metabolites) were
significantly higher in children with AD compared with
those seen in control subjects. Thus oxidative stress and
altered antioxidant defenses might be involved in the
pathophysiology of AD. Finally, formation of reactive
nitrogen species in eosinophils and an imbalance of NO
metabolism seem to be involved in the pathophysiology of
AD-like skin lesions in NC/Nga mice.

SUMIMARY AND CONCLUSIONS

AD is associated with vascular responses, such as
erythema, edema, leukocyte recruitment, and a paradox
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vasoconstriction on cutaneous stimulation. The future
challenge with regard to AD treatments will be to under-
stand the molecular basis of these responses derived from
the apparent inability to adequately regulate inflamma-
tory stimuli. Further analysis of endothelial cell activation
resulting in the release of a series of preformed and rapidly
synthesized substances mediating the immediate onset of
vasodilatation, vascular leakage, smooth muscle contrac-
tion, and nerve stimulation might result in novel tools for
the treatment of early events during AD. Moreover, the
effect of endothelial cell-derived mediators and receptors
that interact with and activate T lymphocytes and other
leukocytes in AD is only poorly understood. Thus the
interaction of the cutaneous vascular system with the
immune system remains a complex cascade and an exiting
stage for future research (Table III).4’1 1,12,17,24,30-36

We thank Brigit Schneider for the excellent drawing of Figure 1.
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