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Mechanism of HBD-3 deficiency in atopic dermatitis
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KEYWORDS Abstract  Extrinsic atopic dermatitis (EAD) and intrinsic atopic dermatitis (IAD) patients
Antimicrobial suffer from recurrent bacterial and viral infections. In this study, we demonstrate signi-
peptides; ficantly decreased expression of human beta defensin (HBD)-3, a potent antimicrobial peptide
Cytokines; (AMP), in lesional skin of both IAD (p<0.01) and EAD patients (p<0.01), as compared to
Extrinsic atopic psoriasis patients. Using primary keratinocytes from EAD and IAD patients, we determined
dermatitis; that the deficiency in HBD-3 expression is an acquired rather than a constitutive defect.
Intrinsic atopic Furthermore, we demonstrate the down-regulatory effect of IL-4, IL-10, and IL-13 — which
dermatitis

are over-expressed in the skin of AD patients — on HBD-3 expression in keratinocytes.
Additionally, treatment of EAD skin explants with antibodies against IL-4, IL-10, and IL-13
augmented the expression of HBD-3. These studies suggest that neutralizing the Th2 cytokine
milieu in AD skin may augment the innate immune response against bacterial and viral
pathogens.

© 2006 Elsevier Inc. All rights reserved.

Introduction

Atopic dermatitis (AD) is a chronic inflammatory skin

Abbreviations: AD, atopic dermatitis; AMP, antimicrobial pep-
tide; EAD, extrinsic atopic dermatitis; HBD, human beta-defensin;
IAD, intrinsic atopic dermatitis; IL, interleukin; PBMC, peripheral
blood mononuclear cells.
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disorder that affects approximately 17% of children and is
associated with recurrent bacterial and viral skin infec-
tions [1—3]. AD can be broken down into two subsets:
extrinsic AD (EAD) patients have elevated serum IgE and
allergic sensitization and comprise approximately 70—80%
of AD patients. Intrinsic AD (IAD) or non-atopic eczema
patients make up 20—-30% of AD patients and exhibit
normal serum IgE levels and lack allergen-specific sensi-
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tization [4]. It has been shown that patients with IAD, as
compared to EAD, express significantly lower levels of IL-4
and IL-13 in their skin and peripheral blood [5—7]. This
explains the normal levels of serum IgE found in IAD as
compared to EAD. However, it does not explain why both
groups of AD suffer from recurrent skin infections. Both
IAD and EAD have been shown to over-express IL-10, a
cytokine which inhibits or down-regulates the pro-inflam-
matory and Th1 immune responses which may promote
host defense [8—12].

Human @B-defensin (HBD)-3 is a 5-kDa peptide produced
primarily in the epithelium [13]. In recent years, HBD-3
has been shown to exhibit anti-bacterial activity against
a variety of bacteria including Staphylococcus aureus,
Escherichia coli, and Streptococcus pyogenes [13—15].
Recently we found that HBD-3 was decreased in the skin
of AD patients [16]. Understanding the mechanism
underlying the decrease in HBD-3 is important since
approximately 90% of patients with AD are colonized
with S. aureus [1,3].

The current studies were therefore conducted to
investigate the expression of HBD-3 in eczematous skin
lesions from IAD and EAD patients to determine whether
HBD-3 was equally low in these two forms of AD and
investigate the role of IL-4, IL-10, and IL-13, cytokines
over-expressed in the skin of IAD and EAD patients [6], on
the expression of HBD-3.

Materials and methods
Subjects

Study participants included six healthy controls (mean age:
44.2 years), seven IAD patients (mean age: 29.1 years;
SCORAD: 22.2 +5.6; serum IgE: 34—146 kU/l), fourteen EAD
patients (mean age: 38.7 years; SCORAD: 45.0+11.5;
serum IgE: 288-5000 kU/l), and eight psoriasis patients
(mean age: 39.7 years; 15—40% skin involvement). Sera
from AD patients were tested against house dust mite,
Aspergillus, Candida albicans, birch pollen, timothy grass
pollen, ragweed, apple, milk, egg, peanut, hazelnut,
Staphylococcus enterotoxin A, and Staphylococcus entero-
toxin B for specific IgE with the Immulite 2000 system (DPC
Biermann, 61231 Bad Nauheim Germany). The skin prick
test was conducted with the following allergens: house
dust mite, grass, birch pollen, Aspergillus, C. albicans,
milk, egg, soy, and peanut. Patients with IAD had no
allergen-specific IgE and were skin prick test negative to
inhalant and food allergens. In contrast, patients with EAD
had allergen-specific IgE and were skin prick test positive
to inhalant and food allergens.

None of the patients had received oral corticosteroids
within 1 month of skin explant and topical corticosteroids
were not allowed for a period of at least 1 week prior to
enrollment. These studies were conducted according to
the Declaration of the Helsinki Guidelines and approved
by the institutional review board at National Jewish
Medical and Research Center in Denver, University of
Bonn Medical Center in Germany, and the Istituto
Dermopatico dell’lmmacolata in Italy. All subjects gave
written informed consent prior to enrollment.

Peripheral blood mononuclear cells (PBMC) culture

PBMC were isolated from heparinized blood using Ficoll-
Hypaque (Pharmacia Biotech, Piscataway, NJ) centrifugation
and suspended in RPMI 1640 (Bio-Whittaker, Walkersville, MD)
[17]. PBMC were isolated from normal subjects and seeded at
1 x 10 cells/ml in 25 cm? flasks in the presence or absence of
100 ng/ml of anti-CD3 for 24 h at 37°C. Following the
incubation, supernatant was collected from stimulated PBMC
and added to skin explants from EAD patients or cultured
HaCaT keratinocyte cells (2x10° cells/well) in 24-well
plates. In some experiments, IL-10 (50 ng/ml; R&D Systems,
Minneapolis, MN) was added to PBMC cultures to investigate
the effects of IL-10 on anti-CD3 stimulated normal PBMC.

Cytokine protein analysis

Cytokine quantification was performed on supernatants from
stimulated PBMC. The Bio-Plex human cytokine 17-plex
panel was purchased from Bio-Rad Laboratories (Hercules,
CA) and analyzed using the Bio-Plex array reader (Bio-Rad
Laboratories) according to the manufacturer’s guidelines.
Data were calculated as mean picograms (pg) per ml+
standard error.

Keratinocyte cultures

Primary keratinocytes were isolated from six patients with
moderate to severe chronic IAD or EAD (age range: 19—45
years), six patients with moderate to severe chronic plaque
psoriasis (age range: 32—49 years) and six healthy control
subjects (age range: 25—50 years). In these experiments,
epidermal sheets were procured from the roof of suction
blisters raised on normal-appearing skin of the forearms of
patients with IAD or EAD, patients with psoriasis or healthy
subjects, and primary keratinocyte cultures were obtained
as described [18]. Keratinocytes were routinely grown in
serum-free Keratinocyte Growth Medium® (Clonetics, San
Diego, CA), prepared from the essential nutrient solution
Keratinocyte Basal Medium® supplemented with 10 ng/ml
epidermal growth factor (Clonetics), 0.4 ug/ml hydrocorti-
sone (Clonetics), bovine pituitary extract (Clonetics) and
antibiotics. To study HBD-3 gene expression, keratinocyte
cultures were differentiated in the presence of 1.3 mM CaCl,
for 3 days and then stimulated for 24 h with a combination of
20 ng/ml TNF-a (R&D Systems, Abingdon, U.K.) and 200
U/ml IFN-y (R&D Systems). The cells were then washed
once and homogenized in buffer RLT (Qiagen). Total RNA
was isolated according to the manufacturer’s protocol in
the presence of DNase | (Qiagen) for real-time RT-PCR.
The HaCaT human keratinocyte cell line was grown in
Dulbecco’s modified Eagle’s medium (Cellgro, Herndon, VA),
supplemented with 10% fetal calf serum (Gemini Bio Pro-
ducts, Calabasas, CA) and 1% of the following: penicillin/
streptomycin, L-glutamine, minimal essential medium (MEM)
with non-essential amino acids (GIBCO, Grand Island, NY),
MEM vitamins solution (GIBCO) until confluent. Once conflu-
ent, cells were split and seeded in 24-well plates at 2 x 10°
cells/well and cultured for 24 h to allow adherence.
HaCaT cells were additionally stimulated with super-
natants from anti-CD3 stimulated PBMC experiments. In
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some cases, IL-4 (50 ng/ml; R&D Systems) and IL-13 (50 ng/
ml; R&D Systems) were added to the cultures in order to
determine the combinatory effect of IL-4/IL-13 on the
keratinocytes and IL-10 on the pro-inflammatory cytokines
and HBD-3 expression. Cells were cultured for 24 h and RNA
isolated from HaCaT cells according to manufacturer’s
guidelines (Qiagen) for real-time RT-PCR.

Skin explant cultures

Skin explants were cultured under various conditions in
complete RPMI 1640 (Bio-Whittaker). To investigate whether
the baseline levels of HBD-3 expression are similar between
normal and AD patients; punch biopsies were collected from
non-lesional skin of 4 AD patients as well as 4 normal
subjects and added to 96-well tissue culture plates. Culture
supernatants from either media or anti-CD3 stimulated
PBMC were added to skin explants and allowed to culture
for 24 h. Following exposure, RNA was isolated from skin
explants for real-time RT-PCR.

In another experiment, lesional skin from 4 EAD patients
was cultured ex vivo in complete RPMI 1640 (Bio-Whittaker).
Anti-IL-4 (1 pg/ml; R&D Systems), anti-IL-10 (1 pg/ml; R&D
Systems) and anti-IL-13 (1 ng/ml; R&D Systems) were added
to skin explants for 24 h to investigate the effect of Th2 cyto-
kine neutralization on HBD-3 expression. Following exposure,
RNA was isolated from skin explants for real-time RT-PCR.

RNA preparation and analysis

Total RNA was isolated from skin explants by chloroform:-
phenol extraction and isopropanol precipitation according to
manufacturer’s guidelines (Sigma Chemical Co., St. Louis,
MO). RNeasy Mini Kits (Qiagen) were used according to the
manufacturer’s protocol to isolate RNA from cell cultures
and to further purify RNA from skin explants. One microgram
of RNA was reverse transcribed in a 20 pl reaction containing
Random Primers (Invitrogen, Carlsbad, CA), RNase Inhibitor
(Invitrogen), and Superscript Il enzyme (Invitrogen) for
60 min at 42°C and then 70°C for 15 min. Real-time PCR was
performed and analyzed by the dual-labeled fluorogenic
probe method using an ABI Prism 7000 sequence detector
(Applied Biosystems, Foster City, CA). Primers and probes for
GAPDH were purchased from Applied Biosystems. HBD-3
primer and probes were prepared as previously described
[16]. The TagMan probes were purchased from Applied
Biosystems and were 5 labeled with 6-carboxyfluorescein
(FAM) and 3’ labeled with 6-carboxy-tetramethylrhodamine
(TAMRA). Amplification reactions were performed in Micro-
Amp optical tubes (Applied Biosystems) in a 25 ul volume
containing 2x TagMan Master Mix (Applied Biosystems),
900 nM forward primer, 900 nM reverse primer, 200 nM probe,
and the template RNA. Thermal cycling conditions were: 50°C
for 2 min, 95°C for 10 min for one cycle. Subsequently
40 cycles of amplification were performed at 94°C for 15 s and
60°C for 1 min. Relative expression levels were calculated by
the relative standard curve method as outlined in the
manufacturer’s technical bulletin. A standard curve was
generated using the fluorescent data from ten-fold serial
dilutions of total RNA of the highest expression sample. To
allow for comparisons between samples and groups, quanti-

ties of all targets in test samples were normalized to the
corresponding GAPDH levels in the skin explants, cultured
keratinocytes, and PBMC and expressed as HBD-3 normalized
to GAPDH.

Statistical analyses

Statistical analysis was conducted using Graph Pad Prism,
version 4.01 (San Diego, CA) and SAS, Inc. (Research Triangle
Park, NC). Statistical differences in gene expression or
protein staining between groups were determined using a
nonparametric Mann—Whitney test with significant differ-
ences conferred when p<0.05. In cases where multiple
exposure groups were compared, data were analyzed by a
one-way analysis of variance (ANOVA) and significant differ-
ences between exposure groups were determined by a
Tukey—Kramer test. Regression analysis was performed using
PROC GLM in SAS.

Results

HBD-3 gene expression levels in psoriasis and AD
skin

Skin explants were collected from the lesional skin of
psoriasis, IAD and EAD patients and were evaluated for HBD-
3 gene expression using real-time RT-PCR. In order to make
comparisons between samples and patient populations, HBD-
3 gene expression was normalized to the endogenous control,
GAPDH, for all samples. As shown in Fig. 1, HBD-3 expression
was significantly higher in skin lesions from psoriasis (mean:
7092 + 2165 ng HBD-3/ng GAPDH) as compared to lesions from
IAD (mean: 460.4 +130.5; p<0.01) or EAD (mean: 371.2+
104.5; p<0.01). As expected, levels of HBD-3 in healthy
normal skin (612.4+103.3) were significantly lower
(p<0.01) than psoriasis lesions since non-inflamed skin does
not express increased levels of HBD-3. No significant differ-
ences in HBD-3 expression were observed between IAD and
EAD skin lesions.

In order to exclude disease severity as a reason for
deficient HBD-3 expression, we investigated the relationship
between SCORAD and HBD-3 gene expression using regression
analysis. There was no correlation between the severity of

p<0.01
[ p<0.01 1
5 [ 1
10°+ p<0.01

10 —2at

10° . i . .

10?1 "

HBD-3 Expression (ng)
Normalized to GAPDH

10’

Normal EAD 1AD Psoriasis

Figure 1 Decreased HBD-3 gene expression in lesional EAD
and IAD skin. RNA was isolated from the skin of normal subjects
(n=6), EAD (n=9), IAD (n=7), and psoriasis (n=8) patients and
the levels of HBD-3 evaluated by real-time RT-PCR.
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skin disease and HBD-3 expression (p=0.36) (data not
shown).

Pro-inflammatory cytokines fail to induce HBD-3
in AD

HBD-3 is not highly expressed in un-stimulated skin, but
rather needs stimulation by pro-inflammatory cytokines to
induce the expression of HBD-3. Therefore, PBMC were
isolated from normal patients and stimulated with anti-CD3
to trigger the release of pro-inflammatory cytokines into the
supernatant, which would be used in subsequent experi-
ments. Anti-CD3 stimulation of PBMC induced significantly
higher levels of IL-13 (3888 +612 pg/ml; p<0.001), IL-6
(6376 +948 pg/ml; p<0.001), TNF-a (20010 £ 2953 pg/ml;
p<0.001), and IFN-y (6393 +2229 pg/ml) as compared to
media alone (IL-1p: 236 + 14 pg/ml; IL-6: 456 +42 pg/ml;
TNF-a: 106 £ 3 pg/ml; IFN-y: 105+ 2 pg/ml) (Fig. 2A). These
cytokines have been shown to induce HBD-2 and LL-37
expression [16,19—21] so purified TNF-«, IFN-vy, IL-13, and
IL-6 were added to the HaCaT keratinocyte cell line to
determine whether these cytokines also induce HBD-3. Fig.
2B illustrates that stimulation with the pro-inflammatory
cytokines (20 ng/ml each) significantly induced HBD-3
expression (1.45+0.13 ng HBD-3/ng GAPDH, p<0.05) as
compared to media alone (0.84 + 0.05). Furthermore, super-
natant from anti-CD3 stimulated normal PBMC was added to
HaCaT keratinocyte cells to evaluate whether it could induce
the expression of HBD-3 in a similar manner. As shown in Fig.
2C, supernatant from anti-CD3 stimulated PBMC induced
significantly greater expression of HBD-3 (3.00 + 0.27 ng HBD-
3/ng GAPDH; p<0.01) as compared to supernatant from
media (1.35+0.26).

Uninvolved skin was collected from 4 normal subjects and
4 EAD patients to determine whether HBD-3 could be
induced in AD skin. Supernatants from either media or
anti-CD3 stimulated PBMC were added to the skin biopsies
and HBD-3 expression evaluated after 24 h. Supernatant
from anti-CD3 stimulated PBMC induced significantly
(p<0.01) greater expression of HBD-3 in skin from normal
subjects (342 +102 pg HBD-3/ng GAPDH) as compared to
non-lesional skin from EAD patients (40 +£17) (Fig. 3).

HBD-3 deficiency is acquired in AD

To investigate whether the reduced expression of HBD-3 in
AD skin is constitutive or acquired, primary keratinocytes
were isolated from the skin of IAD, EAD, psoriasis and normal
subjects. Keratinocytes were cultured for three passages to
eliminate the in vivo effects of inflammation or immune
activation and then stimulated with TNF-a and IFN-y to
induce HBD-3. In comparison to non-treated cells (NT), HBD-
3 was up-regulated following stimulation with TNF-a and
IFN-v (Fig. 4). However, there were no differences between
the different keratinocytes types.

Down-regulatory role of Th2 cytokines on HBD-3
production

It has been shown that IL-4, IL-10, and IL-13 are over-
expressed in AD patients [6,9,22]. While IL-4 and IL-13 can
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Figure 2  Anti-CD3 stimulation of PBMC induces pro-inflam-
matory cytokines which induce HBD-3 in human keratinocytes.
PBMC were separated from the whole blood of normal subjects
(n=5) and stimulated with 100 ng/ml of anti-CD3 for 24 h. (A)
Levels of IL-1p, IL-6, TNF-a, and IFN-y were evaluated in the
PBMC supernatants using the BioRad Multiplex assay. (B) HBD-3
expression was evaluated by real-time RT-PCR in HaCaT cells that
were stimulated with purified IL-1p (20 ng/ml), IL-6 (20 ng/ml),
TNF-a (20 ng/ml), and IFN-y (20 ng/ml). (C) HBD-3 expression
was evaluated by real-time RT-PCR in HaCaT cells that were
stimulated with supernatants from anti-CD3 stimulated PBMC.

directly down-regulate the expression of HBD-3 in kerati-
nocytes [16], IL-10 does not act directly on keratinocytes
[23] but can act indirectly by down-regulating the HBD-3
expression via inhibition of TNF-a and IFN-vy [9]. Therefore,
we investigated the combinatorial effects of Th2 cytokines
on HBD-3 expression. Fig. 5A illustrates that in the absence
of IL-10, supernatants from anti-CD3 stimulated normal
PBMC significantly induce the expression of HBD-3
(3.58 +0.40 ng HBD-3/ng GAPDH, p<0.01) as compared to
media (1.06 +£0.35). However, addition of IL-10 (1.81 + 0.44)
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Figure 3  Pro-inflammatory cytokines induce HBD-3 in normal

skin, but not AD skin. Supernatant from anti-CD3 stimulated
PBMC was added to skin explants from normal subjects (n=4) or
EAD patients (n=4) for 24 h. HBD-3 expression in the skin
explants was evaluated by real-time RT-PCR.

or IL-4/IL-13 (1.86 £ 0.46) reduced the expression of HBD-3
by approximately 50%. The combination of the indirect
effect of IL-10 on the pro-inflammatory cytokines and the
direct effect of IL-4 and IL-13 on keratinocytes significantly
reduced HBD-3 expression even further (1.13+0.35;
p<0.01) in comparison with anti-CD3 alone. Direct stimu-
lation of HaCaT cells with anti-CD3 did not induce HBD-3
(data not shown). To further define the down-regulatory
effect of the Th2 cytokines, PBMC were collected from AD
patients and stimulated with anti-CD3 in the same manner
as above. In contrast to normal PBMC, anti-CD3 super-
natants from AD patients failed to significantly induce HBD-
3 expression (0.62 +0.15) in keratinocytes as compared to
media alone (0.59 +0.10) (Fig. 5B).

Neutralization of Th2 cytokines augments HBD-3
expression in AD skin

Since the deficiency is acquired, we then investigated
whether low HBD-3 in AD skin could be reversed. Lesional
skin from EAD patients was cultured with neutralizing
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Figure 4 Reduced HBD-3 expression is an acquired defect in

primary keratinocytes from AD patients. The levels of HBD-3
were evaluated by real-time RT-PCR in differentiated keratino-
cytes obtained from normal subjects (n=6), EAD patients
(n=3), IAD patients (n=3), and psoriatic patients (n=6). HBD-
3 was induced by 24-h stimulation with TNF-a plus IFN-y.
Samples treated with media alone are indicated by NT.
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Figure 5 HBD-3 expression in HaCaT keratinocytes is down-
regulated by Th2 cytokines. (A) RNA was isolated from
keratinocytes stimulated with the supernatants from normal
PBMC (n=6) cultured with media or anti-CD3 (100 ng/ml) in the
presence or absence of Th2 cytokines. (B) RNA was isolated from
keratinocytes stimulated with the supernatants from AD PBMC
(n=3) cultured with media or anti-CD3 (100 ng/ml) in the
presence or absence of Th2 cytokines. Levels of HBD-3
evaluated by real-time RT-PCR.

antibodies to IL-4, IL-10 and IL-13 and assayed for HBD-3
expression. Addition of neutralizing antibodies to skin
explants resulted in a significant increase in HBD-3 expres-
sion (8644 + 2036 ng HBD-3/ng GAPDH; p<0.05) as com-
pared to media alone (2662 + 589) (Fig. 6). Treatment of AD
skin with an isotype control antibody gave results similar to
those observed with media alone (2328 + 1383). To demon-
strate that this effect was specific to AD skin, additional
experiments were conducted using normal skin and lesional
skin from psoriasis patients. Treatment with anti-IL-4, anti-
IL-10, and anti-IL-13 had no significant effect on HBD-3
expression in either normal skin or lesional psoriasis skin
(data not shown).

Discussion

The skin is the first line of host defense against invading
microbial pathogens. In the event that this physical barrier
is compromised, the innate immune response prevents
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Figure 6 Neutralization of Th2 cytokines in AD skin augments
HBD-3 expression. Lesional skin from EAD patients (n=5) was
cultured in the presence and absence of anti-IL-4 (1 ug/ml), IL-
10 (1 pg/ml), and IL-13 (1 ug/ml) for 24 h and the level of HBD-3
evaluated by real-time RT-PCR.

further invasion of the microbial pathogen. Keratinocytes
within the epidermis contribute to the innate immune
response by producing AMPs. Two major classes of AMPs —
B-defensins [13,24] and cathelicidins [25] — have been
identified in mammalian tissue and have been shown to play
an essential role in host defense against invading microbes
[13,21,26—28].

Our current study is the first to demonstrate that HBD-3
is deficient in the lesional skin of both IAD and EAD patients.
HBD-3 exhibits potent activity against S. aureus [13]. LL-37
and HBD-2, which are also deficient in the skin of both IAD
and EAD [9], have also been shown to exhibit antimicrobial
activity against S. aureus [21]. Combined, these data may
account for the increased propensity of IAD and EAD patients
toward recurrent bacterial skin infections.

The skin of AD patients is characterized by the over-
expression of IL-4, IL-10 and IL-13 [6,9,22]. These cytokines
were evaluated in these studies for their ability to modulate
the expression of HBD-3. We found that IL-4 and IL-13 act
directly on keratinocytes to down-regulate the expression of
the HBD-3. IL-4 and IL-13 are known to induce the activation
of STAT-6, which inhibits the TNF-a/NF-«xB system [29—31].
This inhibits the expression of NF-xB target genes which
include various innate immunity genes. Previously we have
demonstrated that IL-4 and IL-13 act through STAT-6 to
inhibit the expression of the AMP LL-37 [26]. IL-10 indirectly
inhibited HBD-3 expression in these studies by reducing the
production of pro-inflammatory cytokines. IL-10 has been
shown to act on mononuclear cells and natural killer cells to
inhibit the expression of pro-inflammatory cytokines includ-
ing IFN-y [32—35]. This likely occurs by the induction of the
suppressor of cytokine signaling (SOCS) proteins which
inhibit IFN-y signaling by preventing the phosphorylation
of STAT1 [36,37]. The combination of IL-4 and IL-13 on the
keratinocytes, and IL-10 on the pro-inflammatory cytokines
significantly reduced the levels of HBD-3 expression.

This concept is supported by the following findings in our
study. First, we have found that stimulation of normal PBMC
with anti-CD3 induces the expression of the pro-inflamma-
tory cytokines TNF-q, IL-6, IL-1, and IFN-y which have been
previously reported to increase AMP expression in keratino-
cytes [16,19—21]. These cytokines are highly expressed in
psoriasis skin [16,38], while negligible levels have been

shown in non-lesional and acute AD skin [16]. This corre-
sponded with a decrease in HBD-3 expression in these studies
when supernatants from anti-CD3/IL-10 stimulated PBMC
were added to keratinocytes. Second, supernatants from
anti-CD3 stimulated PBMC induced the expression of HBD-3 in
keratinocytes, however addition of IL-4 and IL-13 to the
keratinocytes prior to stimulation resulted in significantly
lower levels of HBD-3 expression. Thirdly, the combination of
treatment with IL-10, IL-4, and IL-13 resulted in less HBD-3
expression than treatment with either IL-10 or IL-4/IL-13
alone. This suggests that Th2 cytokines over-expressed in AD
skin work synergistically to down-regulate AMPs.

Using primary keratinocytes from EAD and IAD patients,
we further demonstrate that the reduced expression of HBD-
3 in AD is not constitutive but acquired as the result of
increased Th2 cytokine expression. Keratinocytes were
cultured for 3 passages and then stimulated with TNF-«
and IFN-v, to optimally induce HBD-3 [16]. All patient groups
demonstrated increased HBD-3 expression following stimu-
lation with no significant differences between the groups.
Therefore, we investigated whether the deficiency of HBD-3
could be reversed in AD skin by neutralizing the effects of IL-
4, IL-10, and IL-13. Using antibodies against these cytokines
we augmented the expression of HBD-3 in lesional AD skin.

The current study demonstrates that the Th2 cytokines
IL-4, IL-10, and IL-13 work synergistically to down-regulate
the AMPs in the skin of AD patients. These studies suggest
that neutralizing the Th2 cytokine milieu in the skin of AD
patients would augment the AMP response and reduce the
propensity of these patients towards recurrent bacterial and
viral skin infections.
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