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INSIGHTS INTO ATOPIC DERMATITIS — FROM PATHOGENESIS
TO THERAPY
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Abstract. Atopic dermatitis (AD), or eczema, is a common skin disease that is often as-
sociated with other atopic disorders, such as allergic rhinitis and asthma. The disease can
develop both in infancy and adulthood, and characterizes with recurrent episodes impairing
the quality of life. The review analyzes the genetical, immunological, and environmental
factors in the pathogenesis of AD. The role of the skin barrier function is also considered in
regard of the main hypotheses for AD development. Further elucidation of the mechanisms
involved in the pathogenesis of AD could give interesting and useful clues for therapeutic

protocols and prophylactic approaches.
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IINTRODUCTION

topic dermatitis, or eczema, is a common skin
Adisease that is often associated with other

atopic disorders, such as allergic rhinitis and
asthma [1].

Atopic dermatitis (AD) was once thought to be pri-
marily a paediatric disease. In fact, 45% of all cases
of atopic dermatitis begin within the first 6 months
of life and, of note, 60% begin during the first year.
Furthermore, 85% begin before 5 years of age. More
than 50% of children who are affected in the first 2
years of life do not have any sign of IgE sensitiza-
tion, but they become sensitized during the course
of AD [2]. Up to 70% of these children have a spon-
taneous remission before adolescence.

However, recent epidemiologic studies showed that
the disease is a common disorder also in adults.
Emerging studies showed that genetic, immunologic,

and epidemiologic risk factors for AD differ in adults
and children [3].

The prevalence of AD has doubled or tripled in
industrialized countries during the past three de-
cades: 15 to 30% of children and 2 to 10% of adults
are affected. The disease can start in both early in-
fancy (so-called early-onset atopic dermatitis) and
adulthood (so-called late-onset atopic dermatitis).
AD may represent a prelude to another atopic con-
dition — e.g. asthma, even though in most patients
no sign of Ig E mediated sensitization has been con-
firmed [4].

It is believed that AD results from a combination of
endogenous and exogenous factors. Endogenous
factors include genetic, immunologic, and behav-
ioural factors. Exogenous factors include different
environmental entities capable to induce skin lesions
in assemblance to endogenous predisposition.
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The pathogenetic mechanisms underlying AD can be
summarized in two broad groups:

e Disruption of the barrier function of the skin;

e Alterations in the normal immune response of the
skin.

Such two groups generally correlate with the two
main hypotheses for AD:

e The “outside-inside” hypothesis proposes that skin
barrier disruption precedes, and predisposes to,
skin inflammation;

e The “inside-outside” hypothesis suggests that skin
inflammation due to an altered immunologic re-
sponse precedes, and predisposes to, loss of the
normal skin barrier function.

A unifying “inside-outside-inside” hypothesis has been
also proposed, according to which altered immuno-
logic reactivity accomplishes for the secondary barrier
dysfunction that additionally promotes skin inflamma-
tion due to activation of type 2 immune responses [5].

GENETIC FACTORS

Genetic inheritance plays an essential role in the pre-
disposition to childhood AD. Monozygotic twins have
a higher rate of AD concordance (77%) than dizygot-
ic twins (15%) [6].

Null mutations in the filaggrin (FLG) gene are the
most well-studied genetic determinant of AD. FLG
codes for the protein filaggrin, which is broken down
into a natural moisturizing factor in the stratum cor-
neum and plays an integral role in skin-barrier func-
tion [7].

FLG null mutations lead to a deficiency of natural
moisturizing factor and xerosis in AD, impairing epi-
dermal barrier function. FLG loss-of-function muta-
tions are associated with early childhood onset AD
with greater severity and persistence into adulthood.
Enhanced expression of IL 1 cytokines in the stratum
corneum of patients with FLG loss-of-function muta-
tions and type 1 interferon-mediated stress response
are detected [8].

Filaggrin-dependent secretion of sphingomyelinase
has also been found to protect against staphylococcal
a-toxin-induced keratinocyte death [9]. This strongly
suggests that patients with filaggrin mutations have
a distinct endotype of AD with different mechanistic
outcomes, which could be used to identify one subset
of AD, particularly for the development of new thera-
pies targeting skin barrier function.

Even being characteristic for childhood, FLG loss-of-
function mutation is not found in all children with AD

— it has not been described in South Africa, Ethiopia
or the African-American population, nor does it seem
to take part in the pathogenesis of AD after puberty
and after 18 years of age [10].

Depending on the population, FLG mutations are
found in up to 40% of patients with severe AD, but
less than 20% of these patients with severe disease
are homozygous or compound heterozygous for FLG
mutations [11].

Genome wide scans have highlighted several pos-
sible atopic dermatitis-related loci on several chro-
mosomes. A region of particularly high linkage was
identified on chromosome 1g21, which harbours a
family of epithelium-related genes called the epider-
mal differentiation complex. Even though the exact
function and association with AD is not yet elucidat-
ed, existing data support the importance of serine
protease inhibitors (e.g., SPINK5) for normal skin
barrier maintenance. Most of the genetic regions as-
sociated with atopic dermatitis correspond to loci as-
sociated with psoriasis, although these two diseases
are rarely linked [4].

Among other ,candidates” for mediators in the devel-
opment of AD are a number of genes encoding cy-
tokines that regulate the synthesis of IgE: IL-4, IL-5,
IL-12, IL-13, granulocyte-macrophage-colony stimu-
lating factor. IL-4, IL-5 and IL-13 (the synthesis of
which is associated with Th-2 lymphocytes) increase
IgE levels, while IL-12 (mainly produced by Th-1
lymphocytes) decreases them. Some patients with
AD present with the so-called gain-of-function mu-
tations associated with gene polymorphism (e.g. of
the a-subunit of the IL-4 receptor, or the IL-18 gene,
which regulates the switch from a Th-1 to a Th-2 im-
mune response) [4].

A genetic factor of clinical importance in patients
over 18 years of age is the 1903/A-polymorphism of
the mast cell chymase (MCC) gene, which is not as-
sociated with the development of allergic rhinitis or
asthma. Its presence is inversely proportional to IgE
levels in adults [10].

Other genetic factors associated with AD include vi-
tamin D receptor gene polymorphisms [12].

THE SKIN BARRIER FUNCTION

The skin is the frontier between the organism and the
environment and has two key functions: 1. as a ro-
bust external barrier that is resilient against environ-
mental stressors; and 2. as a watertight internal bar-
rier that prevents trans-epidermal water loss (TEWL)
and the colonization of the skin and underlying tis-
sues by pathogens. Thus, the skin acts as a versatile
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double barrier providing dual external-internal protec-
tion. The skin is also involved in regulatory functions
in association with the organs of the body — serves
as a common platform for signal exchange between
internal organs and the environment via the cutane-
ous neuroendocrine system and the production of
neuropeptides, biogenic amines, melatonin, opioids,
cannabinoids, secosteroids, growth factors, and cy-
tokines [5].

The stratum corneum (SC) resembles a brick wall
comprising protein-enriched corneocytes (‘bricks’)
embedded in an intercellular matrix of nonpolar lipids
(‘mortar’) in between the granular and cornified lay-
ers. Corneocytes represent the cellular complement
of the SC structure and contain a variety of enzymes,
water, and keratin filaments, which give rise to the
mechanical strength of the SC. They are encased in
a cross-linked layer of proteins, such as filaggrin, lo-
ricrin, and involucrin, which anchor the cells with the
lipid-rich extracellular matrix, the ‘mortar’. This hydro-
phobic lipid matrix comprises approximately of 50%
ceramides (CER) and 15% free fatty acids (FFAs),
with the remaining 25% comprised of predominantly
cholesterol and a small percentage of triacylglycer-
ol (TAG) species, with FFAs and long-chain bases
liberated from sebaceous TAG and epidermal CER,
respectively, serving as potent antimicrobial agents.
Improper epidermal permeability barrier formation
contributes to TEWL and triggers the onset of inflam-
matory skin diseases, such as AD. This validates the
crucial role of the SC in maintaining the dual barrier
function of the skin. In addition, SC has potent antiox-
idant properties that help it to prevent oxidative dam-
age to the skin via the secretion of enzymes, such as
catalase, as well as nonenzymatic molecules, such
as vitamin E, glutathione, and uric acid [5].

An intact epidermal compartment is a prerequisite
for the skin to function as a physical and chemical
barrier. The barrier itself is the SC with its brick and
mortar-like structure described above. An alteration
of the barrier that causes increased transepidermal
water loss is a hallmark of AD. Intercellular lipids of
the epidermal horny layers are provided by lamellar
bodies, which are produced by exocytosis from up-
per keratinocytes. Alterations in the expression of
enzymes involved in the subtle balance of epidermal
adhesion structures are also likely to contribute to the
breakdown of the epidermal barrier in patients with
atopic dermatitis [4].

Special attention is paid to some specific components
of the SC. CER comprises almost 50% of the total lip-
id component constituting SC. CER are related to the
packing of corneocytes in the SC and were among
the first lipids to be connected with skin barrier func-

tion deficiencies and AD. Later studies showed that
deficient barrier function was associated with age-
related decrease in the so-called ‘ultra-long chain’
ceramides (i.e., those with more than 26 carbons in
length) and an increase in short-chain CER [5].

Experiments with topical application of different CER
containing formulations seemed to improve the skin
barrier function. These new insights hopefully will
place in the basis of new therapeutic approaches
[13].

Changes in skin ceramides that are secondary to
variations in the pH of the SC can disturb maturation
of lamellar bodies and impair the barrier [14].

Changes in FFAs and cholesterol content in AD have
also been documented in relation to skin barrier func-
tion [15].

THE INNATE SKIN BARRIER

Epithelial cells at the interface between the skin and
the environment are the first line of defence of the
innate immune system. They are equipped with a va-
riety of sensing structures, which include the toll-like
receptors (TLRs), C-type lectins, nucleotide-binding
oligomerization domain-like receptors, and peptido-
glycan-recognition proteins [16]. At least 10 different
TLRs have been described in humans; they bind to
bacterial, fungal (both cell walls), or viral structures
(DNA or RNA), and to other microbial structures
termed the pathogen-associated molecular patterns.
TLR-mediated activation of epithelial cells induces
the production of defensins and cathelicidins — fami-
lies of antimicrobial peptides [4].

The inflammatory micromilieu initiated by IL-4, IL-13,
and IL-10 down-regulates these antimicrobial pep-
tides in the skin of patients with atopic dermatitis. For
these reasons, it is difficult to manage microbial in-
fections of the skin in patients with AD. Lesional and
normal looking skin is extensively colonized by bac-
teria such as Staphylococcus aureus or fungi such as
malassezia. AD patients are predisposed to eczema
herpeticum and eczema vaccinatum because of a
reduced production of cathelicidin, which has potent
antiviral activity [17].

IMMUNOLOGIC MECHANISMS IN AD PATHOGENESIS

Skin sensitization — the beginning of atopic skin
inflammation

Location of allergic disease is determined in part
by route of allergen sensitization, tissue chemokine
expression, and tissue compartmentalization of the
immune response. Studies in animal models have
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demonstrated heterogeneity in the ability of memory
T-cells to migrate to different tissues [18]. This tis-
sue-selective homing is regulated by interaction of
differentially expressed T-cell homing receptors with
vascular endothelial cell surface antigens. The cell
adhesion molecule that participates in T-cell homing
to the skin is termed “cutaneous lymphocyte-asso-
ciated antigen” (CLA). Importantly, T-cells migrating
into the skin of allergen-induced reactions express
significantly higher levels of CLA than do T-cells iso-
lated from the airways of asthmatic subjects [19].

Th-2 and Th-1 cytokines contribute to the pathogen-
esis of skin sensitization/inflammation in AD with the
relative contribution of each cytokine dependent on
the duration of the skin lesion.

Early-onset atopic dermatitis usually emerges in the
absence of detectable Ig E-mediated allergic sensi-
tization, and in some children — mostly girls — such
sensitization never occurs [20]. The initial mecha-
nisms that induce skin inflammation in AD patients
are unknown. They could entail neuropeptide-in-
duced, irritation-induced, or pruritus-induced scratch-
ing, which releases proinflammatory cytokines from
keratinocytes, or they could be T-cell-mediated but
IgE-independent reactions to allergens present in
the disturbed epidermal barrier or in food (so-called
food-sensitive AD). Allergen-specific IgE is not a pre-
requisite, however, because the atopy patch test can
show that aeroallergens applied under occluded skin
induce a positive reaction in the absence of allergen-
specific IgE [21].

In patients with early-onset AD, IgE-mediated sensi-
tization often occurs several weeks or months after
the lesions appear, suggesting that the skin is the
site of the sensitization. In animal models, repeated
epidermal challenge with ovalbumin-induces ovalbu-
min-specific IgE, respiratory allergy, and eczematous
lesions at the application site [22]. A similar process
is likely in humans. Epidermal-barrier dysfunction is
a prerequisite for the penetration of high-molecular-
weight allergens from pollens, house-dust-mite prod-
ucts, microbes, and food. Molecules in pollens and
some food allergens drive dendritic cells to enhance
Th-2 polarization [23]. There are numerous T-cells in
skin (106 memory T-cells per square centimetre of
body-surface area), nearly twice the number in the
circulation [24]. Moreover, keratinocytes in atopic
skin produce high levels of the IL-7-like thymic stro-
mal lymphopoietin that signals dendritic cells to drive
Th-2 polarization [25].

The skin acts as the point of entry for atopic sensi-
tization and may even deliver signals required for
allergenic sensitization in the lung or the gut. Wide-

spread skin inflammation can affect adaptive immu-
nity, alter the phenotype of circulating monocytes,
and increase the production of Pg E2 in AD. All these
factors provide signals required for strong skin-driven
Th-2 polarization [4].

There are two lineages of epidermal dendritic cells:
plasmoid and myeloid. The first has strong antiviral
activity due to significant IFa-production. This cell line
is practically absent in AD. On the contrary, the second
lineage of cells includes Langerhans and inflammatory
dendritic epidermal cells, which are present in signifi-
cant numbers in AD. Epidermal dendritic cells in AD
bear IgE and express its high-affinity receptor (FceRlI).
Langerhans cells can also be found in normal epithe-
lium, while inflammatory dendritic epidermal cells are
characteristic only for inflamed skin areas — they, in
fact, transmit allergens to Th-1 and Th-2 cells, and
possibly to other regulatory T-lymphocytes. Allergen-
specific CD4+ and CD8+ T cells can be isolated from
the skin lesions of patients with AD [4].

The biphasic T-lymphocyte-mediated skin re-
sponse

In the acute phase of the lesions cytokines like IL-4,
IL-5, and IL-13 predominate. Since they are part of
the Th-2-medaited immune response, this initial Th-2
phase precedes the chronic phase in which Th-0
cells (cells that share some activities of both Th-1
and Th-2 cells) and Th-1 cells are predominant [26].

In the acute phase of AD, the skewed Th-2 response
leads to increased activity of IL-4, IL-5, IL-13, IL-31,
IL-18, thymus and activation regulated chemokine,
TNFa, monokine induced by gamma interferon, and
interferon y-induced protein 10 kDa [27]. IL-4 and IL-
13 are the only cytokines that induce germline tran-
scription promoting isotype switching to IgE, also in-
hibiting the production of Th-1 cytokines.

Th-1 responses are upregulated in the chronic phase
of AD. An increase of interferon-y, IL-12, and GM-
CSF then characterises the Th-1- and Th-0-mediated
immune responses. So, the peak of IL-12 expression
is followed by increased expression of interferon-y
messenger RNA by Th-1 cells, and inflammatory
cells appear in the skin — normal-looking skin in AD
patients presents a mild infiltrate, strongly suggest-
ing the presence of residual inflammation between
flares [27].

Inflammatory cells and keratinocytes in the skin
lesions express high levels of chemoattractants.
Additional amplification of the allergic response
is sustained due to the generation of interferon-y-
producing cytotoxic T-cells, implicated in the apop-
tosis of keratinocytes induced by the cell-death re-
ceptor Fas [28].
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The complexity of the regulatory T-cell compartment
is not yet fully understood, and the role of regulatory
T-cells in the regulation of chronic inflammatory skin
disease is elusive.

Children compared with adults with AD show compa-
rable or greater epidermal hyperplasia and immune
infiltration, and decreased filaggrin expression on
histology and immunohistochemistry as well as acti-
vation of Th-2, Th-22, and Th-1 axes on quantitative
real-time polymerase chain reaction. However, chil-
dren showed higher induction of Th-17-related cyto-
kines, antimicrobials, Th-9, IL-33, and innate markers
than adults. These results suggest that the immune
mechanisms of AD may differ between children and
adults [29].

Autoimmune mechanisms in AD

Some autoallergens in skin are also strong inducers
of Th-1 responses. About 25% of adults with atopic
dermatitis have IgE antibodies against self-proteins
— proteins from keratinocytes and endothelial cells
such as manganese superoxide dismutase and
calcium-binding proteins. The serum levels of these
IgE autoantibodies correlate with disease severity.
Scratching probably releases intracellular proteins
from keratinocytes. These proteins could be molec-
ular mimics of microbial structures and thus could
induce IgE autoantibodies. IgE antibodies against
autoantigens in the skin can perpetuate the allergic
inflammation — thus, AD seems to stand at the fron-
tier between allergy and autoimmunity [30].

ENVIRONMENTAL FACTORS

The term “atopic dermatitis” was first introduced in
the 1930s in recognition of the close association
between AD and respiratory allergy, as well as ac-
cumulating data that exposure to allergen plays an
important role in its exacerbation. However, there
remains considerable debate over whether aller-
gens really have a critical role in AD. This is more
than academic because it dictates whether the
clinician should look for potential allergens in the
AD patient's environment and recommend aller-
gen avoidance, the way it would have been done
as part of the management of asthma and allergic
rhinitis. Indeed, recent studies suggest that the im-
mune mechanisms underlying asthma and AD have
greater similarities than differences [31].

Through the years investigators’ attention was direct-
ed towards different potential triggers of AD.

Food allergens. Even though some common aller-
gens — eggs, milk, wheat, soy, peanuts, can pass

the placenta and can also appear in milk, there are
no definitive data supporting the protective role of
dietary restriction in development of AD. There are
even some trials showing a potentially negative ef-
fect of maternal dietary antigen avoidance during
pregnancy on the developing fetus. Statistically
significant lower mean maternal pregnancy weight
gain and a non-significant reduction in birth weight
with an increased risk of preterm birth have been
reported [32].

No definitive conclusions can be drawn from data
comparing AD risk in new-borns on breast milk versus
those on cow’s milk-based formula. The breastfeeding
duration (3-4 month of exclusive breastfeeding versus
6 months or more) also seems irrelevant [33].

Several attempts were made to evaluate eventual
advantage of hydrolyzed formulas versus cow’s
milk-based ones. Extensively hydrolyzed casein-
based, partially hydrolyzed whey containing, soy-
based formula, and even oligosaccharides (prebiotic
supplemented) formulas have been evaluated with
conflicting results as to their protective effect on AD
development [33].

Aeroallergens. With advancing age, inhaled aller-
gens play an increasingly important role in the patho-
genesis of AD in children with atopy. As early as
1918, an exacerbation of AD after exposure to horse
dander, timothy (a type of grass) or bee pollen was
documented. Over time, data accumulates on the
pathogenic effect of Alternaria (pollen), dust mites,
weeds, animal dander, molds [34].

These clinical studies suggest that inhalation or con-
tact with aeroallergen may exacerbate AD. Labora-
tory data supporting a role for inhalants include the
finding of IgE antibody to specific inhalant allergens
in most patients with AD. The degree of sensitization
to aeroallergens is directly associated with the sever-
ity of AD [34].

Microorganisms. Patients with AD have an increased
tendency for the development of bacterial and fungal
skin infections. S. aureus is found in more than 90%
of AD skin lesions, while only 5% of healthy subjects
harbour this organism. The density of S. aureus on
inflamed AD lesions without clinical superinfection
can reach up to 107 colony-forming units/cm? of the
affected skin area. The importance of S. aureus is
supported by the observation that even AD patients
without superinfection show a reduction in severity of
skin disease when treated with a combination of anti-
staphylococcal antibiotics and topical corticosteroids
[35]. The pathogenetic importance of S. aureus in the
aggravation and/or maintenance of AD may be due
to the toxins released by them with the effect of supe-
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rantigens, stimulating the activation of T-lymphocytes
and macrophages. Release of enterotoxins A and B
and toxic shock syndrome toxin 1 has been experi-
mentally demonstrated, as well as subsequent supe-
rantigen stimulation via T-cell receptors [36]. The for-
mation of specific IgE against staphylococcal toxins
in the skin has also been reported, as well as the
release of histamine from mast cells carrying these
specific antitoxin antibodies on their surface [37].
Last but not least, the above hypothesis of the re-
lationship of AD with S. aureus skin infection is sup-
ported by the correlation data between the severity of
AD and the levels of IgE anti-superantigens [36]. The
investigators concluded that superantigens may in-
duce an atopic process in the skin by stimulating epi-
dermal macrophages or Langerhans cells to produce
IL-1, TNF, and IL-12. Local production of IL-1 and
TNF induces the expression of E-selectin on vascu-
lar endothelium, allowing an initial influx of T-cells;
local secretion of IL-12 could increase cutaneous
lymphocyte-associated antigen (CLA) expression on
those T-cells activated by allergen or superantigen
and thereby increase their efficiency of T-cell recircu-
lation to the skin, perhaps including areas with only
low levels of vascular E-selectin and minimal inflam-
matory activity. IL-12 secreted by toxin-stimulated
Langerhans cells that migrate to skin-associated
lymph nodes (and serve as antigen-presenting cells
therein) could up-regulate the expression of CLA
and influence the functional profile of virgin T-cells
activated by the toxins, thereby creating addition-
al skin-homing memory-effector T-cells. Together,
these mechanisms would amplify the initial cutane-
ous inflammation in AD, creating conditions favouring
staphylococcal skin colonization [34].

Some fungal infections are also of interest, e.g. with
Malassezia furfur (Pityrosporum ovale or Pityrospo-
rum orbiculare). M. furfur is a lipophilic yeast com-
monly present in the seborrheic areas of the skin. IgE
antibodies against M. furfur is commonly found in AD
patients and most frequently in patients with head
and neck dermatitis. In contrast, IgE sensitization to
M. furfur is rarely observed in healthy control subjects
or asthmatic patients. The potential importance of M.
furfur as well as other dermatophyte infections is fur-
ther supported by the reduction of AD skin severity in
such patients after treatment with antifungal agents
[34].

Autoallergens. The majority of sera from patients with
severe AD contain IgE antibodies directed against
human proteins. Evidence exists to support the idea
that human skin dander could trigger immediate hy-
persensitivity reactions in the skin of patients with
severe AD, suggesting that they made IgE against

autoantigens in the skin. These data suggest that,
although IgE immune responses are initiated by en-
vironmental allergens, allergic inflammation can be
maintained by human endogenous antigens, particu-
larly in severe AD [34].

RELEVANCE OF THE PATHOGENETIC MECHANISMS
FOR THE THERAPY

The clinical approaches also depend on presumed
pathogenesis. Since patients with established AD
have skin barrier dysfunction and skin inflammation,
skin barrier repair is among the primary goals of ther-
apeutic attempts. Even during periods of remission
and in cases with nonlesional AD, there is transepi-
dermal water loss, and skin hydration is necessary.
Emollient therapy is also helpful in improving the skin
barrier repair.

Anti-inflammatory medications (corticosteroids or cal-
cineurin inhibitors) can be locally applied (for control
of frequent relapses and subclinical inflammation).
Medium- and high-potency corticosteroids can be
used for short periods of time to control the disease
in occasions of acute AD exacerbations.

Elimination of factors (including allergens, irritants, and
emotional triggers) that might exacerbate the scratch-
itch cycle should also be taken in consideration.

Some patients may not properly respond to conven-
tional approaches. In such refractory cases alterna-
tive options can be helpful: immunosuppressants (cy-
closporine), cytostatics (methotrexate, azathioprine),
IL-6 blockade, dust mite immunotherapy [34].

Topical Janus kinase (JAK) and phosphodiesterase-4
(PDE4) inhibitors are novel treatment approaches for
AD [38]. The Janus kinase (JAK) — signal transducer
and activator of transcription (STAT) pathway is uti-
lized by numerous cytokines and growth factors for
signal transduction [39]. JAKs are promising targets
for both topical and systemic treatment of AD [40].
Phosphodiesterase-4 (PDE4) is a key regulator of
inflammatory cytokine production in AD through the
degradation of cyclic adenosine monophosphate
[41]. PDE4 activity is increased in circulating inflam-
matory cells of patients with AD [42], and the inhibi-
tion of PDE4 in monocytes in vitro has been dem-
onstrated to reduce the release of proinflammatory
cytokines. Topical PDE4 inhibitors demonstrated a
favourable safety profile and remarkable improve-
ment in efficacy, including overall disease severity
and skin score.

New therapeutic strategies are also under develop-
ment: given the importance of the Th-2 immune re-
sponse, Th-2 antagonists (i.e., anti-IL-4/13 receptor
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antibodies and anti-IL-13 antibodies to reduce the
systemic Th-2 inflammation reported in severe AD)
have been tested with promising results [43].

PATHOGENESIS AND PREVENTION

Dietary allergens are secreted in breast milk and
have the potential to affect an infant’'s immune sys-
tem. Interestingly, recent data support earlier intro-
duction of potentially allergenic foods in children [44].

On the other hand, most of the studies support the
beneficial effect of breastfeeding in decreasing the
risk for AD [45], even though some studies reveal in-
creased risk [46].

It seems that regardless of the generally accepted
lower allergenic potential of hydrolysed formulas and
soy-based formulas, there isn’t enough substantial
prove of their advantage compared to cow milk-based
formulas regarding the risk for AD development [47].

Other searches were directed to omega-3 or ome-
ga-6 fatty acids, vitamins (vitamin D), antioxidants
(vitamin C, vitamin E), minerals (zinc, selenium) sup-
plementation, but no clinical study had led to decisive
clinical beneficial effect [47].

A recent systematic review and meta-analysis con-
cluded that, specifically for infants, probiotics might
have a protective effect [48], and Lactobacillus
seems to be a favourite — colonization of Lactobacil-
lus enhances IL-10 production, which has significant
anti-inflammatory effects [49].

CONCLUSION

The highlighted elements in the pathogenesis of AD
emphasize its complexity.

Endogenous predisposition seems to be essential
for disease unlatching, but clarification of exogenous
factors allows prophylaxis of exacerbations and al-
leviation of the symptoms.

Many novel biologic and small molecule agents that
are clinically effective in AD treatment have emerged.
More data regarding ongoing development programs
can be expected in the future. In addition to the abil-
ity to alter the natural history of AD, drug safety and
cost-effectiveness should be considered.
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