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Reduced IFN-y receptor expression and attenuated IFN-y
response by dendritic cells in patients with atopic dermatitis

Eva Gros, MSc,* Susanne Petzold, MSc,* Laura Maintz, MD, Thomas Bieber, MID, PhD, and Natalija Novak, MD Bonn,

Germany

Background: Atopic dermatitis (AD) is characterized by a
predominance of Ty2 immune reactions but weaker Tyx1
immune responses in acute skin lesions.

Objectives: To evaluate whether enhanced T2 immunity in
patients with AD might impair Tyl immune responses by
affecting the IFN-y responsiveness of antigen-presenting cells,
we investigated IFN-y receptor and IL-4 receptor o chain
expression, IFN-y signaling, and the expression of IFN-y—
responsive mediators in dendritic cells (DCs) and their
precursors from patients with AD compared with those from
healthy subjects.

Methods: Skin biopsy specimens were obtained and both
monocytes and monocyte-derived dendritic cells (MoDCs) from
patients with AD (n = 86) and control subjects (n = 84) were
analyzed by means of flow cytometry, real-time PCR, ELISA,
and HPLC.

Results: We observed lower IFN-y receptor II expression
combined with higher IL-4 receptor « chain expression on
epidermal DCs, monocytes, and MoDCs from patients with AD.
Induction of IFN-y—-inducible factors, such as interferon
regulatory factor 1, interferon-inducible protein 10, and
indoleamine 2,3-dioxygenase, was attenuated in IFN-y—pulsed
MoDCs from patients with AD. Weaker signal transducer and
activator of transcription 1 activation mirrored by lower
phosphorylated signal transducer and activator of transcription
1 levels in response to IFN-y stimulation could be observed in
epidermal DCs, monocytes, and MoDCs from patients with AD.
Conclusion: Impaired IFN-y signaling together with attenuated
IFN-vy responses in DCs and their precursor cells might
contribute to the T2 bias in patients with AD. (J Allergy Clin
Immunol 2011 ;NEN;EEE-EEN,)
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Abbreviations used
AD: Atopic dermatitis
ADEH: AD with a history of eczema herpeticum
DC: Dendritic cell
FITC: Fluorescein isothiocyanate
IDO: Indoleamine 2,3-dioxygenase
IFN-yR: IFN-vy receptor
IL-4Ra:: IL-4 receptor a chain
IP-10: Interferon-inducible protein 10
IRF-1: Interferon regulatory factor 1
MoDC: Monocyte-derived dendritic cell
PE: Phycoerythrin
p-STAT1: Phosphorylated signal transducer and activator of tran-
scription 1

STAT1: Signal transducer and activator of transcription 1

Atopic dermatitis (AD) is a chronic inflammatory skin disease
characterized by dysregulated immune responses that feature
increased systemic Ty2 responses combined with Ty2/Ty1 re-
sponses in the lesional skin.! Moreover, AD is associated with a
strong genetic predisposition, cutaneous hyperreactivity to envi-
ronmental stimuli, and susceptibility to skin infections, which in-
fluence the course and severity of AD.? Compared with healthy
skin or nonlesional skin of patients with AD, acute skin lesions
are marked by increased IL-4, IL-5, and IL-13 mRNA expression
but low expression of IFN-y and IL-12 mRNA, whereas chronic
AD skin lesions show increased expression of IL-5, IL-12, and
IFN-y mRNA but lower IL-4 and IL-13 mRNA expression com-
pared with that seen in acute AD skin lesions.>* In addition to Ty
and Ty2 cells, Tg17 and Ty22 cells have been described to accu-
mulate in the lesional skin of patients with AD and are supposed
to play an important role in the pathogenesis of the disease.”
However, murine models provide evidence that an excess of
Ty2 cytokines in the skin plays a crucial role in the manifesta-
tion of the disease.” In this context it is known that IL-4 exerts
downregulating effects on the IFN-vy response in patients with
AD.® Both cytokines, IFN-y and IL-4, mediate their biological
effects by signaling through specific receptors and thereby
promote cell-mediated immune responses.” The IL-4 receptor
(IL-4R) complex is composed of the IL-4R « chain, which binds
IL-4 with high affinity and associates with either the common vy
chain or the IL-13 receptor al subunit.'” The IFN-vy receptor
(IFN-yR) forms a heterodimer composed of 2 polypeptide
chains, the ligand-binding IFN-yR o chain (IFN-yRI) and the
signal-transducing IFN-yR B chain (IFN-yRII).'' Although
IFN-yRI is constitutively expressed at moderate levels on the
surface of nearly all cells, IFN-yRII is expressed at extremely
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low levels, but its expression can be regulated in certain cell
types by external stimuli, thus being a critical factor in the deter-
mination of IFN-y responsiveness in these cells.'> On IFN-y
binding, receptor units form dimers, leading to activation of Ja-
nus tyrosine kinase 1 and 2 and recruitment of signal transducer
and activator of transcription 1 (STAT1). Phosphorylation of
STAT]1 at tyrosine 701 induces STAT1 dimerization and translo-
cation to the nucleus, where transcription of IFN-y—inducible
genes is initiated.'> IFN-y production is controlled by several
transcription factors, among which interferon regulatory factor
1 (IRF-1) is of special importance.14 IRF-1 expression is in-
duced by interferons and stimulates the production of IL-12,
IL-18, and IL-23, thus favoring Tyl immunity. Furthermore,
IRF-1 binds to the IL-4 promoter and represses IL-4 transcrip-
tion, thereby inhibiting Ty2 responses.'”

Mechanisms contributing to the predominance of Ty2 im-
mune reactions in patients with AD are only partially eluci-
dated. Recent findings revealed a preferential apoptosis of
circulating memory Tyl cells, which express high levels of
IFN-v,'®'7 as well as a genetically predetermined Ty;2 polariza-
tion of circulating T cells,'® which might contribute to the Ty2
bias in patients with AD. Additionally, mast cells, basophils,
eosinophils, and natural killer T cells are capable of promoting
Ty2 polarization through production of IL-4.'"?° Reduced
IL-12 expression can be detected in acute AD skin lesions,* im-
plying reduced IFN-vy production and emphasizing further the
hypothesis of a diminished Tyl cell differentiation in patients
with this disease. In line with this observation, PBMCs from pa-
tients with AD produce less IEN-vy after IL-12 stimulation®?*'
but display increased IL-4 levels, as well as IL-4R mRNA ex-
pression, compared with that seen in healthy subjects.?> Higher
expression of IL-4Ra can further be observed on monocytes
from patients with AD.*’

In the present study we aimed to evaluate whether enhanced
T2 immunity in patients with AD might impair Ty1 immune re-
sponses by affecting the IFN-y responsiveness of antigen-
presenting cells. Therefore we investigated both IFN-yR and
IL-4Ra expression, IFN-vy signaling, and the expression of
IFN-y-responsive mediators in monocytes, monocyte-derived
dendritic cells (MoDCs), and epidermal dendritic cells (DCs)
from patients with AD compared with healthy subjects.

METHODS

Reagents

Unconjugated mAb against IFN-yRI was from R&D Systems (Minneap-
olis, Minn), and mAb against IFN-yRII was from PBL Interferon Source
(Piscataway, NJ). mAb against indoleamine 2,3-dioxygenase (IDO) was
purchased from Oriental Yeast Co, Ltd (Tokyo, Japan). Phycoerythrin (PE)-
and fluorescein isothiocyanate (FITC)—conjugated monoclonal anti-CD14 and
anti-IL-4Ra (CD124), PE-CyS5-conjugated monoclonal anti-CDla, and
allophycocyanain-Cy7-labeled anti-CD14 were from BD Systems (San
Jose, Calif). PE-conjugated mAb against CD1a and langerin were purchased
from Beckman Coulter (Fullerton, Calif). Rabbit IgG as an isotype control,
FITC-conjugated F(ab’), of goat anti-mouse IgG (H+L) (GaM/FITC) and of
donkey anti-rabbit IgG (H+L) (DaRab/FITC), normal murine serum, normal
goat serum, and normal rabbit serum for blocking purposes were obtained
from Jackson ImmunoResearch (West Grove, Pa). Recombinant IFN-y was
purchased from PeproTech (Rocky Hill, NJ). All other reagents were obtained
from Sigma-Aldrich (St Louis, Mo) unless otherwise indicated. The trypsin
sensitivity of the primary antibodies used for flow cytometric staining of epi-
dermal skin cells was tested.
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Patients

After local ethics committee approval and written informed consent of the
patient were obtained, peripheral blood and shave biopsy specimens were
taken from patients with AD (n = 86; age, 34.7 = 12.9 years; total IgE, 3411.7
+ 6514.5 kU/L; SCORAD score, 44.1 = 20.2) at the Department of
Dermatology and Allergy of the University of Bonn. AD was diagnosed
according to the criteria of Hanifin and Rajka.>* Additionally, blood and skin
samples were taken from control subjects without AD (n = 84).

Preparation of skin cell suspensions

After achievement of local anesthesia, skin shavings from patients with AD
or split-thickness skin specimens from healthy donors were taken, and single-
cell suspensions were prepared by means of enzyme digestion, as described
elsewhere.”

Monocyte isolation and generation of MoDCs
Monocytes were isolated from peripheral blood with a modified density
gradient protocol by using Nycoprep (Progen Biotechnik GmbH, Heidelberg,
Germany), as described previously.?*?” Monocytes were cultured for 6 days in
VLE-RPMI 1640 (Biochrom AG, Berlin, Germany) with 1% antibiotics-
antimycotics and 10% inactivated FCS, 500 U/mL GM-CSF (Berlex Labora-
tories, Richmond, Calif), and 500 U/mL IL-4 (Miltenyi Biotec GmbH,
Bergisch Gladbach, Germany) and were fed every second day with half of
the cytokine dosage to generate MoDCs. MoDCs were stimulated with the in-
dicated IFN-y concentration in the presence of 500 U/mL GM-CSF and IL-4.

Flow cytometric analysis

Extracellular staining of IL-4Ro, IFN-yRI, and IFN-yRII was performed, as
reported in detail elsewhere.?® Intracellular staining of phosphorylated signal
transducer and activator of transcription 1 (p-STAT1) and STAT 1 was conducted
as previously described.'® Briefly, unstimulated or IFN-y—pulsed (100 or 1000
U/mL) cells were fixed in 1.5% formaldehyde, permeabilized with ice-cold
methanol, and washed twice with staining media (1% BSA in PBS). Cells
were resuspended in staining media with 5% (vol/vol) goat serum for blocking.
After 20 minutes, primary antibodies against p-STAT1 (Tyr701; Cell Signaling
Technology, Danvers, Mass) or STAT 1 (Santa Cruz Biotechnology, Santa Cruz,
Calif) were added directly into the blocking solution for another 30 minutes.
After washing, cells were treated with DaRab/FITC for 30 minutes. Epidermal
skin cells and MoDCs were incubated with PE-conjugated anti-CD1a after a
second blocking step with rabbit serum. Monocytes were gated physically
according to forward- and side-scatter characteristics. Intracellular IDO stain-
ing of CD1a™ MoDCs was performed as reported in detail elsewhere.? Stained
cells were acquired on a FACSCanto (BD Biosciences, Heidelberg, Germany)
and analyzed with FACSDiva (BD Biosciences) or FlowJo (TreeStar, Inc,
Ashland, Ore) software. Cell-surface expression of IL-4Ra, IFN-yRI, and
IFN-yRII and intracellular IDO expression were determined by using the
relative fluorescence index = SEM as follows:

Relative fluorescence index = (MFI [receptor] — MFI [isotype control])/
MFI [isotype control],

whereas p-STAT 1 and STAT 1 levels were determined as the percentage of pos-
itive cells. Phosphorylation of STAT1 was quantified as the ratio of p-STAT1/
STAT1 (IFN-vy treated) relative to p-STAT1/STAT1 (nontreated). Results are
shown as box plots.

Real time-PCR

RNA was isolated with the NucleoSpin RNA II Kit (Macherey-Nagel
GmbH & Co KG, Diiren, Germany), including digestion of genomic DNA,
and subjected to cDNA synthesis with TagMan reverse transcription reagents
according to the manufacturer’s instructions (Applied Biosystems, Foster
City, Calif). The cDNA was amplified with the TagMan Gene Expression Mas-
ter Mix (Applied Biosystems), according to the recommendations of the
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FIG 1. Flow cytometric analysis of cell-surface IFN-yRI and IFN-yRIl expression on epidermal skin DCs (A),
monocytes (B), and MoDCs (C) and cell-surface IL-4Ra expression on monocytes (D) and MoDCs (E) from
control donors (CTR; gray circles) and patients with AD (blue squares) are shown as scatter plots.

manufacturer, in an ABI Prism 7300 Sequence Detection System (Applied Bi-
osystems). Primers for IDO, interferon-inducible protein 10 (IP-10), and
IRF-1, as well as endogenous controls (18s), were from Applied Biosystems.
Relative quantification and calculation of the range of confidence was per-
formed by using comparative AACT methods.*® All analyses were conducted
in duplicates, and experimental samples were quantitated by using sample di-
lutions, ensuring that the cycle threshold values were in the linear proportion
of the standard curve. Results are given as the fold mRNA induction normal-
ized to the unstimulated control condition and are displayed as box plots.

ELISA

For quantification of IP-10/CXCL10 protein concentration in the cell-
culture medium, MoDCs were harvested 18 hours after stimulation with IFN-y
(0, 100, and 1000 U/mL), and culture supernatants were obtained and stored
immediately at —70°C. ELISA was conducted according to the manufac-
turer’s instructions (PeproTech, Rocky Hill, NJ). Results are depicted as
box plots.

HPLC

MoDCs were stimulated with IFN-y (0, 100, and 1000 U/mL) in VLE-
RPMI media containing 100 wmol/L tryptophan for 24 hours. Cells were
washed with PBS and harvested for intracellular IDO staining. Culture
supernatants were collected and stored at —70°C for quantification of
tryptophan and kynurenine concentrations by means of HPLC. Sample

preparation and HPLC analysis were performed as reported in detail
elsewhere.?! Tryptophan degradation was quantified as the ratio of kynurenine
to tryptophan expression. Results are given as the ratio of kynurenine/trypto-
phan (IFN-y treated) relative to kynurenine/tryptophan (nontreated) and are
depicted as box plots.

Statistical analysis

Statistical analysis was performed with SPSS 17.0 software (SPSS, Inc,
Chicago, Il1). Quantitative values were compared between different patient
groups (2 independent samples) by using the Mann-Whitney U test. Results
are shown as means = SEMs or box plots referring to sample medians and
sample first and third quartiles. Outliers are marked as circles and asterisks.
Any P values are 2-sided and subject to a global significance level of less
than .05 or less than .005.

RESULTS
Lower IFN-y receptor but higher IL-4Ra expression
on antigen-presenting cells in patients with AD
Data on the expression of immune-regulatory receptors on DCs
and DC precursor cells in the skin and blood of patients with AD
is rare.>” Therefore we investigated the expression of IFN-yRI
and IFN-yRII in the blood and skin of patients with AD compared
with healthy control subjects.
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FIG 2. Relative expression of IRF-1 mRNA after IFN-y stimulation of MoDCs
from control subjects (CTR; gray bars, n = 18) and patients with AD (blue
bars, n = 11) is shown.

We observed significantly lower expression of IFN-yRII on
both epidermal DCs (Fig 1, A) and monocytes (Fig 1, B) from pa-
tients with AD. IFN-yRI expression on epidermal DCs from
patients with AD was significantly lower as well. IFN-yRII ex-
pression was slightly decreased on MoDCs from patients with
AD compared with that seen in control subjects (Fig 1, C),
whereas IL-4Ra expression was slightly increased on these cells
(Fig 1, E). Furthermore, monocytes from patients with AD
showed significantly higher cell-surface expression of IL-4Ra
(Fig 1, D).

Diminished IFN-y response in MoDCs from patients
with AD

To investigate whether the expression of genes known to be
regulated by IFN-vy is distinct, we analyzed the expression of
mRNA transcripts of IRF-1, IP-10/CXCL10, and IDO in MoDCs
from patients with AD in relation to that seen in healthy control
subjects.

We observed a significantly lower IRF-1 mRNA expression in
MoDCs from patients with AD after stimulation of the cells with
high concentrations of IFN-vy (Fig 2). Moreover, stimulation of
MoDCs with 1000 U/mL IFN-vy tended to induce a weaker ex-
pression of IP-10/CXCL10 mRNA in patients with AD compared
with that seen in control subjects (P =.068; Fig 3, A). In parallel, a
significantly lower IP-10/CXCL10 protein concentration was de-
tectable in supernatants of MoDCs from patients with AD after
stimulation of the cells with 1000 U/mL IFN-vy (Fig 3, B). Addi-
tionally, a significantly lower expression of IDO mRNA after
stimulation of MoDCs with IFN-+ at high doses (Fig 4, A) was de-
tected in patients with AD. In parallel, intracellular IDO protein
expression was significantly lower in MoDCs from patients
with AD stimulated with low and high doses of IFN-vy (Fig 4,
B). This went along with a significantly diminished capacity of
these cells to degrade tryptophan into its metabolite kynurenine
after stimulation of the cells with both low and high doses of
IFN-vy (Fig 4, C). Notably, baseline levels of kynurenine/trypto-
phan were higher in the group of patients with AD compared
with those seen in control subjects (data not shown). However, af-
ter stimulation of the cells with IFN-v, tryptophan degradation
relative to the nonstimulated condition was higher in the control
group.

Together, these data indicate attenuated induction of the IFN-y—
regulated factors IRF-1, IP-10/CXCL10, and IDO in DCs from
patients with AD.
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FIG 3. Relative expression of IP-10/CXCL10 mRNA after IFN-y stimulation of
MoDCs from control subjects (CTR; gray bars, n = 18) and patients with AD
(blue bars, n = 11) is shown (A). IP-10/CXCL10 concentration in the cell-
culture supernatant of IFN-y-pulsed MoDCs (n = 11) was measured by
means of ELISA (B). IP-10/CXCL10 concentration in the cell-culture superna-
tant of unstimulated MoDCs was less than the detection minimum.

Attenuated IFN-vy signaling in patients with AD

To determine whether a lower IFN-yRII expression in patients
with AD could alter IFN-y-mediated signal transduction, we
examined the phosphorylation of the signaling protein STAT1 in
epidermal skin DCs, monocytes, and MoDCs pulsed with high
and low doses of IFN-v.

Stimulation of epidermal skin cells with IFN-y induced a
weaker p-STAT1/STAT1 ratio in response to IFN-y treatment
relative to the unstimulated control condition (Fig 5, A). Mono-
cytes from patients with AD revealed lower p-STAT1/STAT1
levels after stimulation with IFN-y (Fig 5, B). After stimulation
of MoDCs with IFN-y, we observed reduced levels of
p-STAT1/STAT1 in the group of patients with AD as well
(Fig 5, C). In general, we observed a significantly lower constitu-
tive expression of STAT1 in epidermal DCs from patients with
AD (data not shown), which could in part result in a lower
p-STAT1/STAT ratio after stimulation of the cells with IFN-v.
A lower constitutive STAT1 level could not be observed in mon-
ocytes and MoDCs from patients with AD.

DISCUSSION

In this study we observed significantly lower expression of
IFN-yRI and IFN-yRII on epidermal skin DCs, as well as
significantly lower IFN-yRII expression on monocytes from
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FIG 4. Relative expression of IDO mRNA after IFN-y stimulation of MoDCs from control subjects (CTR; gray
bars, n = 18) and patients with AD (blue bars, n = 11) is shown (A). Flow cytometric analysis of intracellular
IDO expression in IFN-y—pulsed MoDCs of CTR subjects (top) and patients with AD (bottom) is shown as
density blots (B). Representative blots of 6 (CTR) and 9 (AD) experiments are shown. HPLC analysis of
MoDC cell culture supernatants quantifying tryptophan (trp) degradation into its metabolite kynurenine
(kyn) in CTR donors (gray line, n = 4) and patients with AD (blue line, n = 9) is shown (C).

patients with AD, which went along with higher IL-4Ra expres-
sion on monocytes from patients with AD. We observed atten-
uated induction of IFN-y—inducible factors, such as IRF-1, IP-10/
CXCL10, and IDO in MoDCs, as well as weaker STATI1
activation mirrored by lower p-STAT1 levels, in patients with
AD in response to IFN-y stimulation.

Because IFN-yRII represents the limiting factor for IFN-vy
responsiveness, low IFN-yRII cell-surface expression results in
low expression of active or functional IFN—'yR.33 Low expression
of functional IFN-yR might represent an important regulator of
attenuated IFN-vy signaling in monocytes, MoDCs, and epidermal
DCs from patients with AD. In this regard a recent study reports
lower IFN-vy and IFN-y receptor gene expression in PBMCs from
patients with AD with a history of eczema herpeticum (ADEH)
compared with that seen in patients without ADEH and nonatopic
control subjects.32 Furthermore, single nucleotide polymor-
phisms in the /JFNG and IFNGRI genes were significantly associ-
ated with ADEH, which might impair the antiviral response and
increase the risk of ADEH. In addition, it is very likely that other
cofactors, such as characteristic cytokines of the current micromi-
lieu, might play a role in modified IFN-y signaling in patients with

AD. In particular, the Ty2-polarizing cytokine IL-4, which is well
known for its antagonistic relationship to IFN-y,** might nega-
tively affect the induction of IFN-y—inducible genes in patients
with AD, and this might be of critical immunologic importance
in view of the higher IL-4Ra expression of monocytes from pa-
tients with AD observed here. In this regard previous studies
revealed downregulated IFN-y—inducible gene expression of
IRF-1 mRNA in monocytes and macrophages by IL-4.*> IRF-
1 is crucial for the production of IFN-vy and binds to the IL-4 pro-
moter, thus repressing IL-4 transcription while supporting Tyl
immunity.'> Therefore we suppose that reduced IRF-1 expression
in patients with AD might favor T2 immune reactions while at-
tenuating Tyl responses. Moreover, genetic variations in the
IRFI gene have been identified that might affect the development
of atopy, potentially by altered transcription factor binding in the
proximal promoter of the IRFI gene, changing IRFI gene
expression and IFN-y regulation.'* This is in accordance with other
observations demonstrating that mice deficient in IRF1 (IRF 1 )
have a profound, gene dose-dependent decrease in IFN-y produc-
tion in case of Leishmania major infection, a disease known to pro-
voke Ty 1 immune responses in normal mice.>® In addition, T cells
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FIG 5. Epidermal skin DCs (n = 6, A), monocytes (n = 15 and 16, respec-
tively; B), and MoDCs (n = 10, C) from CTR donors (gray bars) and patients
with AD (blue bars) were treated with the indicated IFN-y concentrations
and analyzed for intracellular STAT1 and p-STAT1 levels by means of
flow cytometry.

from mice lacking IRF-1 do not mount Ty1 responses and instead
undergo T2 differentiation.”’

The lower mRNA expression of IP-10/CXCL10 by MoDCs
from patients with AD is in line with previous studies, which
revealed reduced IP-10/CXCL10 expression in [FN-y—stimulated
keratinocytes from patients with AD compared with that seen in
healthy donors and patients with psoriasis.*® IP-10/CXCL10 acts
as a chemoattractant for Tyl cells and monocytes and natural
killer T cells expressing the chemokine receptor CXCR3.*7* De-
creased IP-10/CXCL10 levels, as we observed in supernatants of
IFN-y—pulsed MoDCs from patients with AD, might therefore re-
sult in reduced recruitment of CXCR3" Tyl cells to the skin
in vivo, impeding Tyl immune responses through diminished
IFN-vy expression.

In addition to lower IDO mRNA expression in response to
IFN-v, we observed significantly lower intracellular IDO protein
expression in MoDCs from patients with AD. In parallel,
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significantly diminished degradation of tryptophan into its me-
tabolite kynurenine was detectable. IDO expression in immune
cells, including DCs, is regulated and mainly induced by cyto-
kines, such as IFN—\/.‘”’42 STAT1 and IRF-1 were shown to act
cooperatively to mediate this process.43 Mice lacking either
IFN-y or IRF-1 are deficient in IDO expression during infec-
tion.** This observation is in line with our data, which imply
that weaker IDO expression of MoDCs from patients with AD
might result secondarily from lower STAT1 phosphorylation, as
well as lower IRF-1 expression, in response to IFN-v stimulation.

Moreover, reduced phosphorylation of STAT1 after IFN-vy
stimulation of monocytes and epidermal DCs from patients with
AD indicates that attenuated IFN-y-mediated downstream
signaling might be a reason for the lower induction of IFN-y—
responsive elements in patients with AD. Previous studies pro-
vided evidence that PBMCs from atopic subjects display lower
STAT1 phosphorylation, as well as lower STAT1 baseline
expression, than seen in nonatopic subjects.*’

It is of note that attenuated IRF-1, IP-10/CXCL10, and IDO
mRNA expression in MoDCs was only detectable after applica-
tion of higher doses of IFN-vy, whereas stimulation of the cells
with low doses of IFN-vy did not lead to any significantly different
expression. This supports our hypothesis of an interaction of the
antagonizing cytokines IL-4 and IFN-vy in the cellular micro-
milieu as an important comodulator of IFN-y signaling in
MoDCs.

Taken together, our findings provide evidence for an attenuated
IFN-vy responsiveness in patients with AD mediated by lower
IFN-yR expression, as well as attenuated IFN-vy signaling of DCs
and their precursor cells, which might sustain the Ty2 predomi-
nance in acute flares while impairing Tyl immunity in this dis-
ease. We propose a model of interactive immune regulation in
the skin of patients with AD, where an excess of IL-4 caused
by the increased T2 response and the absence of counterregula-
tory IFN-vy in the acute phase might impair Tyl immunity by af-
fecting the IFN-vy responsiveness of antigen-presenting cells.

Clinical implications: Our findings might open new perspec-

tives for the design of therapeutic strategies aimed at restoring
modified Ty1 responses in patients with AD.
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