Eosinophils in atopic dermatitis
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Atopic dermatitis is a common, chronic eczema-
tous skin disease. Recent studies have shown that
the prevalence of atopic dermatitis has increased
during the past several decades and now affects
10% to 15% of the population at some time in
life." Atopic dermatitis is primarily a childhood
disease® *; the onset of the disease is usually at a
very young age and the disease may improve with
time. However, among patients with moderate or
severe atopic dermatitis in their teens, 77% to
91% have persistent or frequently relapsing der-
matitis throughout adulthood.* Atopic dermatitis
may occur with skin involvement only, but it
occurs together with respiratory allergies approxi-
mately 50% of the time.® Pruritus is the cardinal
feature of atopic dermatitis.® Although mild dis-
ease is usually easily treated, moderate to severe
disease may be recalcitrant to therapy, responding
only to immunomodulators that have adverse sys-
temic effects. Several reviews have recently dis-
cussed the pathogenesis and therapy of atopic
dermatitis.> **

Atopic dermatitis is associated with several im-
munologic anomalies, including aberrant cell-me-
diated immunity and increased IgE production.’
The number of CD8-positive T cells in peripheral
blood is lower in patients with atopic dermatitis
than in healthy subjects.” The skin lesions show
predominant infiltration of activated T-helper
(CD4-positive) lymphocytes.” ° Activated T cells
produce various cytokines with different inflam-
matory and immunoregulatory properties, and the
pattern in atopic dermatitis appears to be a Th2
response with interleukin (IL)-4, IL-5, and IL-10
production and downregulation of interferon
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ECP: Eosinophil cationic protein
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(IFN)-y production.” Based on in vitro studies
and murine models, the addition of IL-4 to lym-
phocytes undergoing activation results in down-
regulation of IFN-vy production with concomitant
enhancement of IgE synthesis.”” In atopic derma-
titis, decreased IFN-y production and increased
IL-4 production have been found to promote IgE
production.”

Langerhans’ cells and macrophages that infil-
trate atopic dermatitis skin lesions bear IgE re-
ceptors, both FceRI and FceRIL'“' and IgE
antibody on their cell surfaces, which strongly
suggests that allergen presentation by epidermal
Langerhans’ cells in atopic dermatitis is mediated
by IgE."” Allergens stimulate IgE-bearing macro-
phages to synthesize and secrete leukotrienes,
platelet activating factor, IL-1, and tumor necrosis
factor,'"® ' and they in turn may regulate the local
accumulation of inflammatory cells or preferen-
tially activate T cells to show the Th2-type re-
sponse. Patients with atopic dermatitis also have
circulating autoantibodies to IgE that may acti-
vate IgE-bearing macrophages.” ** Therefore, the
presence of IgE receptors on Langerhans’ cells
and macrophages'*'® and the ability of IgE-bear-
ing Langerhans’ cells to bind allergen and present
it to T lymphocytes to induce an allergen-specific
T-cell response and IgE synthesis® indicate the
likely importance of IgE in a Th2 response in
atopic dermatitis. In addition to IL-4 production,
Th2 expression includes IL-5 production. IL-5
induces eosinophilopoiesis,”* eosinophil activa-
tion,” and eosinophil chemotaxis,” which prob-
ably account for the common association of eo-
sinophils with allergic inflammation, including
atopic dermatitis.
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EARLY OBSERVATIONS

Peripheral blood eosinophilia is associated with
many diseases, and for decades it has been rec-
ognized that peripheral blood eosinophilia accom-
panies atopic dermatitis.”®> The eosinophil con-
tains several distinctive cationic granule proteins,
including the major basic protein (MBP), the eosin-
ophil peroxidase, the eosinophil cationic protein
(ECP), and the eosinophil-derived neurotoxin
(EDN). MBP, eosinophil peroxidase, and ECP are
potent toxins to various targets including hel-
minths, protozoa, bacteria, and mammalian cells.*
In 1981 Wassom et al.”” measured levels of MBP in
patients with peripheral blood eosinophilia; in-
cluded in this group were 16 patients with atopic
dermatitis. Virtually all healthy controls showed
normal numbers of eosinophils and normal MBP
levels in the peripheral blood. In contrast, more
than half of the patients with atopic dermatitis
showed elevated MBP levels in the peripheral
blood, some with normal eosinophil counts and
some with elevated eosinophil counts. These re-
sults suggested that the toxic eosinophil granule
MBP was “escaping” from eosinophils through de-
granulation, secretion, or another process.

The common presence of peripheral blood
eosinophilia in atopic dermatitis, the typical his-
tologic picture in atopic dermatitis in which tissue
eosinophils are found but are not prominent, and
the finding that a granule protein was elevated in
peripheral blood prompted studies to determine
whether eosinophils in tissue might have degranu-
lated. The tissue deposition of eosinophil MBP
was studied as a marker of eosinophil degranula-
tion.” Nineteen biopsy specimens of affected
atopic dermatitis skin showing chronic dermatitis
and one of unaffected skin were obtained from 18
patients who met the diagnostic criteria for atopic
dermatitis.”® Biopsy specimens were taken simul-
taneously from the affected and unaffected skin
of one patient. Two biopsy specimens from the
affected skin of another patient were obtained 2
years apart. The biopsy specimens were stained
for MBP by indirect immunofluorescence. All 20
biopsy specimens from patients with atopic der-
matitis showed extracellular MBP localization. In
18 specimens, the dominant pattern was fibrillar
fluorescence in the upper dermis; 12 of these 18
specimens also showed extracellular granules scat-
tered in the dermis. Two specimens showed only
intact eosinophils and a few extracellular granules
without evidence of fibrillar fluorescence. The
specimen from unaffected skin showed minimal
fluorescence, with fine fibrils in the upper dermis
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staining faintly with antibody to MBP; by contrast,
a specimen of affected skin showed marked upper
dermal fibrillar fluorescence. In the other case in
which two specimens of affected skin were ob-
tained 2 years apart, both showed marked upper
dermal fibrillar fluorescence.”

The most striking observation in the atopic
dermatitis tissues was the extensive extracellular
deposition of MBP with a paucity of intact eosin-
ophils. The few identifiable eosinophils were lo-
cated predominantly within the foci of mono-
nuclear cell infiltrates. Yet in many of the biopsy
specimens, MBP staining was prominent through-
out the entire upper dermis. The prior study
showing increased levels of MBP in the peripheral
blood*” along with another study showing periph-
eral activation of eosinophils in atopic dermatitis™
suggested that dermal MBP deposition in atopic
dermatitis was the result of deposition from the
circulation. However, the focal patchy localization
principally in the upper dermis and the minimal
staining of uninvolved skin argue against this
possibility and strongly suggest that eosinophils
deposit granule proteins directly in the skin in this
disease.

CORRELATION OF EOSINOPHILS AND
DISEASE ACTIVITY

Since the initial observation showing marked ex-
tracellular eosinophil granule MBP deposition in
lesions of atopic dermatitis, 22 additional patients
have been studied to further define the role of
eosinophils in atopic dermatitis.” Skin biopsy
specimens were obtained from all 22 patients;
blood and urine were collected the same day as the
biopsies in 19 and 14 patients, respectively. Blood
eosinophil counts were calculated by multiplying
the total white blood cell count by the percentage
of eosinophils, and body surface involvement was
estimated by the “rule of nines.”” Indirect immu-
nofluorescence was performed to detect the pres-
ence of MBP, EDN, and ECP in formaldehyde-
fixed paraffin-embedded skin biopsy specimens.
MBP, EDN, and ECP were measured in serum and
urine by immunoassay. Relationships among the
various parameters were statistically analyzed, in-
cluding tissue deposition of MBP, EDN, and ECP,
serum levels and urine levels of MBP, EDN, and
ECP, serum IgE levels, calculated eosinophils, and
the percentage of body surface involvement in all
possible combinations.

Fifteen of the 22 patients demonstrated promi-
nent extracellular deposition of at least one eosin-
ophil granule protein in lesional skin specimens;
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TABLE |. Significant correlations in patients with atopic dermatitis by Spearman’s rank test*

Parameters comparedt N Iy p

Serum MBP Serum EDN 19 0.64 <0.007
Serum EDN Serum ECP 19 0.63 <0.008
MBP deposition EDN deposition 22 0.76 <0.0005
MBP deposition ECP deposition 22 0.67 <0.003
EDN deposition ECP deposition 22 0.68 <0.002
Urine MBP Serum EDN 14 0.60 <0.04
Body surface involvement (%) Serum MBP 19 0.59 <0.02
Calculated eosinophils MBP deposition 19 0.49 <0.04

From Ott et al. J ALLERGY CLin ImmunoL 1994;94:120.

*Abacus Concepts, StatView II (Abacus Concepts, Inc., Berkeley, Calif., 1987).

tStatistical comparisons were performed on all the following parameters in all possible combinations: serum MBP levels, serum
EDN levels, serum ECP levels, tissue MBP deposition, tissue EDN deposition, tissue ECP deposition, urine MBP levels, urine
ECP levels, urine EDN levels, serum IgE, calculated eosinophil counts, and percentage of body surface involvement. Only

significant positive correlations are indicated.

tissue deposition of the eosinophil granule pro-
teins was markedly out of proportion to the few
infiltrating cells. Four of 19 patients in whom
blood differential counts were available had pe-
ripheral blood eosinophilia (>760 cells/pl); se-
rum levels of MBP, EDN, and ECP were elevated
in 15 of 19, 14 of 19, and 10 of 19 specimens,
respectively. Urine levels of MBP, EDN, and ECP
were elevated in 3 of 14, 7 of 14, and 0 of 14
specimens, respectively.™

Eight significant positive correlations emerged
from the statistical comparisons of eosinophil
granule proteins and are shown in Table I. Serum
levels of MBP and EDN were correlated
(r, = 0.64, p < 0.007) and serum levels of EDN
and ECP were correlated (r, = 0.63, p < 0.008).
Tissue deposition of MBP and EDN was corre-
lated (ry = 0.76, p < 0.0005), as was tissue de-
position of MBP and ECP (1, = 0.67, p < 0.003),
and tissue deposition of EDN and ECP
(r, = 0.68, p < 0.002). One of the most inter-
esting correlations to emerge from the studies was
the relationship between body surface involve-
ment and serum MBP levels (r, = 0.59, p < 0.02)
(Fig. 1).

In the past few years, several studies have
reported relationships between eosinophil num-
bers and/or ECP levels with atopic dermatitis
disease activity. The reports have shown increased
numbers of eosinophils with severe disease®> **
and decreased numbers of eosinophils with clini-
cal improvement after therapy.>?” Other reports
have shown a relationship between ECP levels
and disease activity,® *"* which indicates that
blood levels of eosinophil granule proteins corre-
late with disease activity in atopic dermatitis.

PATHOPHYSIOLOGY OF
ATOPIC DERMATITIS

The histopathologic changes in atopic dermatitis
are nonspecific and contribute little to understand-
ing the pathogenesis of the disease.” Acute lesions
show epidermal spongiosis and dermal perivascu-
lar inflammatory cell infiltration. Chronic atopic
dermatitis lesions show thickening of the epidermis
with elongation of the rete ridges and fibrosis
around the rete ridges. Langerhans’ cells and mast
cells may be increased in number, and endothelial
cells are enlarged. Most lymphocytes in biopsy
specimens are T cells possessing the CD4 pheno-
type.> '° Langerhans’ cells and macrophages infil-
trating atopic dermatitis skin lesions show surface-
bound IgE molecules.**¢

The late phase of the IgE-mediated reaction
has been proposed as a model for chronic allergic
inflammation, including that seen in atopic der-
matitis.** ** Immediate hypersensitivity reactions
in the skin are characterized by the development
of a wheal-and-flare that peaks in 10 to 20 min-
utes. This may be followed by a late inflammatory
reaction at the same site. Pathologic examination
of the cutaneous late-phase reaction (LPR) has
shown infiltration with mononuclear cells, neutro-
phils, basophils, and eosinophils, along with
edema and mast cell degranulation.***® Studies
have shown extracellular deposition of eosinophil
and neutrophil granule proteins in the LPR be-
ginning 1 hour after antigen challenge and per-
sisting up to 56 hours.” Electron microscopy has
also shown evidence for eosinophil disruption in
the LPR with fragments of eosinophils and free
granules in interstitial spaces.”” Studies from al-
lergen-induced pulmonary late-phase inflamma-
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FIG. 1. Correlation of serum MBP levels with extent of disease. Serum MBP levels as measured
by immunoassay correlated with extent of body surface involvement with atopic dermatitis
lesions as determined by the “rule of nines,” ry = 0.59, p < 0.02.

tion have shown increased IL-5 levels in concert
with increased levels of leukotriene C4 and in-
creased release of eosinophil granule proteins.™
Other studies of the cutaneous LPR have shown
increased messenger RNA expression of the cy-
tokine gene cluster, IL-3, IL-4, IL-5, and granu-
locyte-macrophage colony-stimulating factor.”
IL-3 and granulocyte-macrophage colony-stimu-
lating factor, in addition to IL-5, strikingly en-
hance eosinophil degranulation in vitro.**

To determine whether the pathologic changes
in atopic dermatitis resembled those of the cuta-
neous LPR, the lesional atopic dermatitis speci-
mens in which eosinophil granule proteins had
been localized were also studied for neutrophil
degranulation by indirect immunofiuorescence of
neutrophil elastase and lactoferrin. Neutrophil
elastase is present in azurophilic granules and
lactoferrin is present in specific granules of neu-
trophils. Immunoassays of serum were also per-
formed for neutrophil elastase. Minimal or no
neutrophil elastase or lactoferrin deposition was
found in the atopic dermatitis specimens, and no
patient had elevated levels of neutrophil elastase
in the serum.* Therefore, in atopic dermatitis
lesions, prominent dermal extracellular eosinophil
granule protein deposition is present but dermal
neutrophil granule protein deposition is not,
which is in contrast to the IgE-mediated LPR in
which both eosinophil granule protein and neu-
trophil elastase deposits are prominent in the
dermis. Overall, the results indicate that eosino-
phils actively participate in the pathogenesis of
atopic dermatitis but, unlike the IgE-mediated

LPR, neutrophils do not appear to play a role in
established lesions of atopic dermatitis.”

Several observations suggest that IgE and aller-
gens contribute to the pathogenesis of atopic
dermatitis. Serum IgE levels are elevated in ap-
proximately 80% of patients with atopic dermati-
tis and are highest in patients with coexisting
respiratory allergies. A correlation between serum
IgE level and extent of skin involvement has been
reported.”® When prick or intradermal skin tests
are performed, patients with atopic dermatitis
often show wheal-and-flare responses to multiple
allergens, and they frequently have elevated se-
rum IgE antibody levels to multiple allergens.
Controlled studies have shown that ingestion of
foods by sensitive children with atopic dermatitis
provoked cutaneous pruritus and erythema, which
led to scratching and subsequent eczematoid le-
sions.*® Furthermore, these exacerbations were
associated with significant increases in plasma
histamine concentrations after food challenges,
which suggests that at least in a subset of patients,
repeated ingestion of food and the reactions that
result from such exposure contributes to the de-
velopment of atopic dermatitis skin lesions. Inter-
est in the potential role of inhalant allergens in
atopic dermatitis has long existed. Several de-
cades ago Walker> described several patients who
experienced flaring of atopic dermatitis after ex-
posure to horse dander or ragweed pollen. Tuft et
al.>> *7 observed that patients with atopic derma-
titis had pruritus and eczematoid skin lesions
after inhalation of mold or ragweed pollen. Ad-
ditional studies have focused on the role of direct
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contact by inhalant allergens in provoking atopic
dermatitis lesions. Mitchell et al.*® induced cuta-
neous eczematoid lesions in patients with atopic
dermatitis by applying aqueous allergens to super-
ficially abraded skin. Clark and Adinoff* subse-
quently demonstrated eczematous reactions to a
variety of inhalant allergens on nonabraded skin
of patients with atopic dermatitis. Platts-Mills et
al.®® have reported that avoidance of aeroal-
lergens that elicit eczematous reactions at patch
test sites or cause immediate hypersensitivity re-
actions results in improvement of atopic derma-
titis.

Recent observations on staphylococcal entero-
toxins suggest new mechanisms by which Staph-
ylococcus aureus could exacerbate atopic dermati-
tis.** Approximately 50% of patients with chronic
atopic dermatitis have circulating IgE directed to
staphylococcal toxins present on their skin and im-
plicate additional allergen mechanisms at the skin
surface level.”* Staphylococcal enterotoxins are su-
perantigens capable of stimulating T cells in a
class II major histocompatibility complex-depen-
dent yet unrestricted manner. Therefore, staphylo-
coccal enterotoxins probably exacerbate atopic
dermatitis in two additional ways. First, staphylo-
coccal enterotoxins secreted at the skin surface
could penetrate inflamed skin and engage human
leukocyte antigen-DR on macrophages or Langer-
hans’ cells to stimulate the production of IL-1 and
tumor necrosis factor; both cytokines have potent
proinflammatory activities. Second, staphylococcal
enterotoxins may stimulate T cells via their T-cell
receptor B-chain to divide and produce cytokines
that modulate tissue inflammation.®’

Other allergen models have been proposed to
explain the pathogenesis of atopic dermatitis and
establish further links between eosinophils and
pathophysiology. For example, biopsies of aero-
allergen patch testing in patients with atopic der-
matitis show that lymphocytes and eosinophils in-
filtrate the dermis 2 to 6 hours after allergen appli-
cation. Twenty-four to 48 hours after patch testing,
eosinophils release ECP, and at this point in time
eosinophils have infiltrated the epidermis.®* In an-
other study in which house dust mite antigens were
applied to the skin of patients with atopic dermati-
tis, activated eosinophils were present in the der-
mis in close contact with antigen-presenting cells in
the epidermis and dermis.®® Furthermore, eosino-
phil granules were present outside of intact cells,
and ECP was present in macrophage-like dermal
cells.®® Studies of eosinophil chemotaxis have
shown that eosinophils from patients with atopic
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dermatitis have significantly increased migratory
responses toward certain chemotaxins,** and
comparisons of platelet activating factor injection
and allergen injection in atopic dermatitis skin
showed a much stronger eosinophilic infiltrate at
allergen-injected sites.”” In vascular models of
transendothelial migration, eosinophils from pa-
tients with atopic dermatitis spontaneously mi-
grated through endothelial cells; eosinophils from
nonallergic persons were unable to transmigrate
until primed with cytokines.*® Taken together,
these studies show a relationship between eosino-
phil activity and atopic dermatitis and suggest that
the mechanism of the cutaneous eosinophilia in
atopic dermatitis may be allergen-induced.

Although the immunohistochemical findings
show differences between the IgE-mediated LPR
and atopic dermatitis, the possibility cannot be
excluded that they are part of the same mecha-
nism. Repeated antigen exposure may alter in-
flammatory reactivity to enhance eosinophil par-
ticipation while neutrophil involvement dimin-
ishes, as has been seen in the monkey model of
antigen challenge in the lung.*” Furthermore, in
atopic dermatitis, exposure to allergen may be
through a transepidermal route with Langerhans’
cell involvement; this is different from the intra-
dermally administered allergen in the LPR.
Therefore, disease expression may be modified
depending on antigen presentation by immuno-
competent cells in various skin commpartments.
Finally, the LPR studies were performed in pa-
tients with allergic rhinitis. Therefore, the possi-
bility exists that antigen exposure in atopic der-
matitis induces a different inflammatory response
than cutaneous antigen expression in patients
with respiratory allergies. If so, this would suggest
constitutive cutaneous abnormalities in atopic
dermatitis. A recent report suggests that the LPR
is inducible only in patients with atopic dermatitis
who have respiratory allergies and is not inducible
in patients with atopic dermatitis alone.” There-
fore, different reaction patterns may be seen in
atopic dermatitis skin.

FATE OF EOSINOPHILS IN
ATOPIC DERMATITIS

The striking extracellular localization of eosino-
phil granule proteins in lesions of atopic derma-
titis and elevations of granule protein in periph-
eral blood suggest that these granule-associated
proteins have escaped from the eosinophil as part
of the disease process. In the IgE-mediated LPR,
extracellular eosinophil granule protein deposi-
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tion is associated with electron microscopic find-
ings of prominent eosinophil disruption with frag-
ments of eosinophils and free granules in intersti-
tial spaces.”” In electron microscopic studies of
biopsy specimens from 10 patients with atopic
dermatitis, seven of the specimens had identifi-
able eosinophils or eosinophil granules.” In these
seven specimens, however, no normal eosinophils
were found and various stages of eosinophil de-
generation were observed, including intact eosin-
ophils with granule abnormalities, intact eosino-
phils with granule abnormalities and pseudopod-
like extensions, eosinophils with degenerating cell
membranes and/or nuclear membranes, and free
eosinophil granules in the dermis near or in the
absence of degenerating eosinophils. The gran-
ules showed Iucency and loss of eosinophil gran-
ule core density both within eosinophils and in
free granules scattered in the tissues. The study
showed a progression of abnormalities by electron
microscopy ‘in atopic dermatitis, ranging from
marked granule abnormalities in the eosinophils
to complete disruption of cells with free granules
in contact with extracellular space. No electron
microscopic evidence for any other form of de-
granulation was observed. On the basis of these
findings, it appears likely that eosinophil degen-
eration with deposition of granules and granule
proteins occurring in lesional atopic dermatitis
skin is the result of a cytolytic process.

In summary, studies strongly support an active
role for eosinophils in the pathogenesis of atopic
dermatitis. The induction of a Th2 type of re-
sponse probably initiates an inflammatory cascade
in the skin that includes activation of eosinophils,
degranulation of eosinophils, release of cytotoxic
granule proteins, and, ultimately, the disease ex-
pression of atopic dermatitis. How these granule
proteins affect the skin and influence the expres-
sion of the disease is under investigation.
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