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Abstract

Background—Atopic dermatitis is a chronic inflammatory skin disease associated with
increased susceptibility to recurrent skin infections.

Objective—To determine why a subset of atopic dermatitis patients have an increased risk of
developing disseminated viral skin infections.

Methods—Human subjects with atopic dermatitis with a history of eczema herpeticum and
various control groups were enrolled. Vaccinia virus expression was measured by PCR and
immunofluorescent staining in skin biopsies from each study group after incubation with vaccinia
virus. Transgenic mice with a constitutively active STAT6 gene were characterized for response to
vaccinia virus skin inoculation. Genotyping for ten STAT6 single nucleotide polymorphisms
(SNP) was performed in a European American sample (n=444).
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Results—Vaccinia virus gene and protein expression were significantly increased in the skin of
eczema herpeticum subjects, as compared to other subject groups, following incubation with
vaccinia virus in vitro. Antibody neutralization of I1L-4 and IL-13 resulted in lower vaccinia virus
replication in subjects with a history of eczema herpeticum. Mice that expressed a constitutively
active STAT6, compared to wild type mice, had increased mortality and satellite lesion formation
following vaccinia virus skin inoculation. Significant associations were observed between STAT6
SNPs and eczema herpeticum (rs3024975, rs841718, rs167769, and rs703817) and IFNy
production. The strongest association was observed for a 2-SNP (CT) haplotype (ADEH+ vs
ADEH—, 24.9% vs 9.2% P = 5.17x1075),

Conclusion—The STAT6 gene increases viral replication in the skin of atopic dermatitis patients
with a history of eczema herpeticum. Further genetic association studies and functional
investigations are warranted.
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INTRODUCTION

Atopic dermatitis (AD) is a genetically complex, chronic inflammatory skin disease that
affects approximately 20% of all children and often persists in adults.1:2 The skin of AD
patients is characterized by a defective skin barrier and increased T helper 2 (Th2)
responses.3 Additionally, some patients with AD suffer from recurrent bacterial and
disseminated viral skin infections such as eczema herpeticum (EH).4

Vaccinia virus (VV) was routinely used for vaccination against smallpox until the
worldwide vaccination program ceased in the late 1970’s following the global eradication of
smallpox.® While the vaccine was effective at conferring protective immunity in the general
public, vaccination was associated with increased numbers of severe adverse effects in a
subset of patients with AD. The re-emergence of orthopoxviruses as a human health concern
prompted health officials to reinstitute voluntary smallpox vaccination in first line
responders;8 however, the Centers for Disease Control and Prevention recommended that
individuals with allergic skin disease refrain due to the potential for severe adverse events.’
Based on this recommendation, greater than 30% of our military refrained from vaccination
posing a significant health concern.®

The National Institute of Allergy and Infectious Diseases (NIAID) established the Atopic
Dermatitis Vaccinia Network (ADVN) to further characterize the immune response in the
skin of AD patients following VV inoculation into the skin and to identify genetic
biomarkers for those AD patients with an increased propensity towards disseminated viral
skin infections such as EH. In a previous study, we reported that skin from patients with
severe AD showed increased V'V replication.® More recently, we found that AD subjects
with a history of EH (ADEH+) had significantly higher serum IgE levels than AD subjects
without a history of EH (ADEH-).10 Because 1L-4 and 1L-13, which play a key role in
isotype switching to IgE synthesis, act via STAT6, we speculated that abnormalities in
STATG6 function due to genetic variation could be associated with ADEH+ and increased VV
replication in the skin of such patients.

J Allergy Clin Immunol. Author manuscript; available in PMC 2012 November 1.
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METHODS
Study Subjects

For initial studies of viral replication in the skin of ADEH+ vs. control group (see Table 1),
skin biopsies were obtained from 55 subjects with active AD (ADEH-), 20 subjects with
AD and a history of eczema herpeticum (ADEH+), 38 asthmatics (AS), 35 healthy
individuals with no history of skin disease (N), 36 subjects with psoriasis (PS), and 36
subjects with a history of AD (QAD). The mean + standard error (SEM) for age, total serum
IgE, and number of positive RAST tests are summarized for each subject group in Table I.
Table 1l describes the racial distribution among skin biopsy donors. Additional ADEH—
(n=17), ADEH+ (n=6), and healthy subjects (n=19) were recruited to test the effect of Th2
cytokines or neutralization of Th2 cytokines on viral replication in the skin.

Genotyping was conducted on 278 unrelated European American AD patients (of whom 112
had ADEH+) and 166 healthy controls participating in the ADVN. Clinical characteristics
for this sample has been described previously.1!

Patients had not received topical corticosteroids for a period of one week prior to enroliment
nor systemic immunosuppressives for one month before enrollment into this study. This
study was approved by the institutional review boards at National Jewish Health, Johns
Hopkins Medical Institute, Oregon Health & Sciences University, University of Rochester
Medical Center, University of California San Diego, and Children’s Hospital Boston. All
subjects gave written informed consent prior to participation in these studies.

Virus Source and Culture

The Wyeth/ACAM 2000 strain of VV was obtained from the Centers for Disease Control
and Prevention (Atlanta, GA). The Western Reserve V'V strain 1354 was obtained from the
ATCC (Manassas, VA) for use in murine studies.

Human Skin Explant Cultures

Two-mm punch biopsies were collected from the non-lesional skin of each enrolled subject.
Skin biopsies were cultured in the presence of media alone (RPMI supplemented with 10%
FCS) or 2.5 x 10° pfu VV for 24 hours. Following the exposure period, media was removed
and biopsies were submerged in 10% buffered formalin for immunofluorescent staining or
Tri-Reagent (Molecular Research Center Inc., Cincinnati, OH) for DNA analysis.

In some experiments, monoclonal anti-human IL-4 (1 mcg/ml; R&D Systems, Minneapolis,
MN) and monoclonal anti-human IL-13 (1 mcg/ml; R&D Systems) were added to the skin
biopsies from ADEH— (n=20) and ADEH+ (n=10) for 24 hours to neutralize Th2 cytokines
prior to infection with VV. Following the viral exposure, biopsies were cultured for an
additional 24 hours and prepared for DNA isolation to measure viral copies.

VV DNA Analysis

DNA was prepared from human skin explants according to the manufacturer’s guidelines
(Molecular Research Center Inc.). Viral copies were quantified by real-time PCR using
primers specific for vaccinia ribonucleotide reductase (VvI4L) as previously described.13

VV Immunofluorescent Staining

Paraffin-embedded tissues were cut at 5 mm on frosted microscope slides. Using toluene
and a series of ethanol washes, slides were deparaffinized and then rehydrated. Skin sections
were then blocked with 5% BSA in Super Block (ScyTek Laboratories, Logan, UT)
containing 10% non-immune donkey serum (Jackson Laboratories, West Grove, PA) for 60
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min. Slides were then stained with a rabbit anti-A27 antibody (Abcam, Cambridge, MA)
directed against an early viral protein located in the nucleus and cytoplasm of infected cells
or control rabbit 1gG (Santa Cruz Biotechnology, Inc., Santa Cruz, CA) at 4°C overnight.
Slides were washed with PBS/Tween 0.05%, followed by incubation with a Cy3-conjugated
donkey anti-rabbit 1gG (Jackson Laboratories).

Immunohistochemical staining was visualized with confocal microscopy (Leica, Wetzlar
Germany). Slides were coded to ensure patient anonymity. Images were collected at 40x,
and levels of mean fluorescence intensity (MFI) were measured with Slidebook 4.1
(Intelligent Imaging innovations, Denver, CO). MFI was determined for each exposure
group and was reported as mean MFI + SE.

STAT-6VT transgenic mice with constitutively active STAT6 were generated at Indiana
University as previously described.12 Briefly, the V547 and T548 of the human STAT6 gene
were mutated to alanines under the transcriptional control of the CD2 locus control region.
C57BI/6 mice were purchased from The Jackson Laboratories (Bar Harbor, ME) to generate
hemizygous STAT-6VT and wild type littermate mice. All mice were maintained in specific
pathogen-free conditions and experiments were approved by the Indiana University and
National Jewish Health Institutional Animal Care and Use Committees.

IFNy ELISPOT

The differential immune responses (ex vivo) to HSV have been investigated by measuring
IFNy production in isolated peripheral blood mononuclear cells (PBMCs) from a subset of
the ADVN sample (64 subjects), and clinical characteristics of participants have been
previously described.*! IFNy production was examined by using enzyme-linked
immunosorbent spot (ELISPOT) adapted from the protocol as previously described.40

Genotyping and Quality Control

Because no common variants were detected in the coding region of STAT6, we selected six
tagging single nucleotide polymorphisms (SNPs) and four SNPs consisting of promoter SNP
rs12368672, 3'-untranslated region (UTR) SNP rs703817, and two intronic SNPs close to
the initially indentified region. These SNPs were distributed in a 22.6-kb region on
chromosome 12q13 covering the STAT6 gene (Figure 4A). The strategy for the tagging SNP
selection has been previously described.38 SNPs were genotyped using TagMan Allelic
discrimination Assays on the 7900HT Sequence Detection System (Applied Biosystems,
Foster City, CA). Potential confounding due to population sub-structure was assessed using
genotype data from the 74 Ancestry Informative Markers (AIMs) as described previously.1

Statistical Analyses

Statistical analysis of viral data was conducted using Graph Pad Prism, version 5.03 (San
Diego, CA) and SAS version 9.1. Comparisons of quantitative variables (e.g., viral
replication) among diagnostic groups were made using one-way analysis of variance
(ANOVA), followed by t-tests for pairwise comparisons. The Tukey-Kramer method was
used to control the family-wise Type | error rate at level 0.05. Survival analysis comparisons
across groups of mice were computed with log rank tests. Significant differences were
conferred at P<0.05. Genetic association analysis was performed using the Cochran—
Armitage trend test under an additive model using PLINK software.14 Associations with the
log-transformed total serum IgE (tIgE), Eczema Area and Severity Index (EASI) score, and
log-transformed spot forming units (SFU)/10% PBMCs, were performed using a linear
regression analysis adjusted for confounding variables (age and gender). To report tiIgE
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statistics, means of log-transformed values were back-transformed (geometric means), and
back-transformed standard errors were estimated using the Delta method. Haplotype
analyses were performed using sliding windows of 2-5 SNPs where empiric P-values for
haplotype frequency differences were generated over 10,000 permutations. Analyses of the
effect of anti-Th2 cytokines were conducted using paired t tests (e.g., effect of anti-Th2
antibodies versus media control on viral replication). Our power calculation using
QUANTO version 1.1 program3? demonstrated that the study population provided sufficient
power (80%) to detect a genotypic odds ratio (OR) of 2.06, even if the allele frequency with
disease is only 10%.

Increased Viral Replication in ADEH

Skin biopsies were collected from all subject groups in Table | to compare the ability of VV
to replicate ex vivo in ADEH+ skin vs. various control groups. Biopsies were treated with
the standard human dose of V'V used in smallpox vaccinations (2x10° pfu). Figure 1A
demonstrates that skin from ADEH+ subjects supported significantly greater VV replication
(mean: 2.42 £ 0.63 VVV viral copies/ng total DNA) than ADEH— (1.03 £ 0.20; P = 0.01),
asthmatic (0.12 £ 0.03; P <0.001), normal (0.34 + 0.10; P <0.001), psoriasis (0.70 £ 0.16; P
<0.01), and quiescent AD (0.15 + 0.04; p<0.001). Additionally, VV replication was
significantly greater in ADEH— skin compared to skin from asthmatics (P <0.001), normal
(P <0.01), and quiescent AD (P <0.01). Immunofluorescent staining for an early viral
protein confirmed higher levels of VVV replication in the skin of ADEH+ as compared to
other subject groups (Figure 1, B&C).

ADEH-+ patients are characterized by a significantly greater Th2 response (i.e. elevated
serum IgE levels and increased number of positive RAST tests) than ADEH— patients.10
Because the Th2 response is characterized by increased IL-4 and IL-13, we pre-incubated
skin biopsies from ADEH— and ADEH+ patients with antibodies against IL-4 and IL-13 to
determine whether neutralization of Th2 cytokines would inhibit VVV replication. Pre-
treating ADEH— skin biopsies with neutralizing antibodies did not significantly inhibit VV
replication (Figure 2A). In contrast, VV replication was significantly lower in ADEH+ skin
biopsies pre-treated with neutralizing antibodies (0.0009 + 0.0005 VV copies/ng DNA; P =
0.053) compared to control treated skin biopsies (0.0024 + 0.0007 VVV copies/ng DNA,;
Figure 2B).

Viral Responses in STAT-6VT Mice

To determine whether constitutive activation of STAT-6 modulates the response to VV, we
inoculated four week old STAT-6VT and wild type mice with 5 x 108 pfu of VV (WR1354).
Following infection, mice were monitored for death and the development of satellite lesions.
At the time of inoculation, none of the mice had any areas of skin irritation or rash.
Interestingly, increased morbidity and mortality was observed in VV infected STAT-6VT
mice. This was evidenced by satellite lesions in significantly more STAT-6VT mice on day
11 (50.0% of mice) as compared to wild type mice (14.3 %; P = 0.022 by Fisher’s Exact
Test) (Figure 3A). Satellite lesions are an indicator of systemic infection that can be fatal.
Supporting this notion, we found higher rates of survival in wild type mice compared to
STAT-6VT mice, reaching significance on day 16 (wild type: 68.5% survival, STAT-6VT:
10.0% survival; P <0.001 by log rank test) (Figure 3B). In a separate set of experiments, we
further evaluated the primary lesions of mice on day seven to determine whether STAT-6
over-expression potentiated V'V pathogenesis. VV replication was significantly higher in the
primary lesions of STAT-6VT mice (26.84 £ 20.67 ng VV/ng GAPDH; P <0.05) compared
to wild type mice (4.19 £ 2.69; Figure 3C). Increased V'V replication was confirmed using
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immunofluorescent staining for A27L (Figure 3D). The mean fluorescence intensity for
A27L was significantly greater in primary lesions of six STAT-6VT mice (277.0 £ 30.0
MFI; P =<0.01) compared to primary lesions from six wild type mice (183.3 + 13.4).

of STAT6 Variants with risk of ADEH

IL-4 and 1L-13 potentiate Th2 responses by signaling through STAT6.15:16 To test for
association between STAT6 SNPs and ADEH+, we genotyped a total of ten SNPs in a
European American sample. Two linkage disequilibrium (LD) blocks were identified,
consisting of one ~13 kb block covering the STAT6 gene and one ~1 kb block covering part
of the promoter region (Figure 4A). As seen in Table Il1, significant associations with
ADEH+ were observed for three intronic SNPs (rs3024975, odds ratio (OR), 2.14, 95%
confidential interval (CI), 1.15-4.01, P = 0.009; rs841718, OR, 1.66, 95%Cl, 1.14-2.41, P =
0.006; rs167769, OR, 0.65, 95%Cl, 0.43-0.98, P = 0.027), and one 3'-UTR SNP rs703817
(OR, 1.40, 95%Cl, 0.92-2.15, P = 0.029). The associations were further enhanced by 2-5
marker haplotype analysis with Omnibus P values from 2.47x107 to 0.037, Figure 4B).
Among these haplotype analyses, the strongest signal was observed for a 2-SNP haplotype
(CT) comprised of SNP rs167769 and rs324013 spanning a region <6.89-kb in the promoter
region of STAT6 (ADEH+ vs ADEH—, 24.9 vs 9.2%, P = 5.17x1076, Table IV). A
suggestive association was also observed for SNP rs324011 (OR, 0.70, 95%Cl, 0.47-1.01, P
= 0.06). In addition, we tested for association between STAT6 SNPs and tIgE and EASI, but
no association was found for any of those tested SNPs. Similarly, no associations were
observed between the STAT6 variants and risk of AD.

STATG6 variants are associated with IFNy ELISPOT values

In previous studies, we have observed a reduced IFNy production in patients with ADEH+
when compared with AD patients without EH (ADEH-) and healthy controls.?! To explore
the functional link of STAT6 variants to disease, we tested if patients carrying these SNPs
have differential levels of IFNy. We found a significant association for SNP rs3024951 and
IFNy levels (P = 0.031) when analyses were made for all these SNPs and IFNy levels in
HSV-stimulated PBMCs from all subjects (n=64). Moreover, when analyses were restricted
to AD patients (n =44), the significance was further enhanced (TC vs TT, P = 0.008, Figure
5A). In addition, we observed a significant association for a promoter SNP rs324013.
Interestingly, SNP rs324913 T allele, which has been shown to be the strongest association
with an increased risk of ADEH+ as part of 2-marker haplotype, showed lower levels of
IFNy as compared to others (logyg-tranformed SFU, CC vs CT vs TT: 2.31 vs 2.02 vs 1.86, P
=0.025, Figure 5B).

DISCUSSION

Eczema vaccinatum is a severe, life-threatening adverse event that develops in a subset of
AD patients following smallpox vaccination. Our current study is the first to demonstrate
that the skin of ADEH+ patients supports VVV replication to a greater extent than skin from
ADEH- and QAD as well as non-AD patient groups including asthma and psoriasis.
Increased VYV replication was confirmed by analyzing the number of VV DNA copies and
immunofluorescent staining for A27L, a protein essential for transport of intracellular virus
particles.1® We hypothesize that increased V'V replication in skin explants can predict those
patients who are at risk of developing a disseminated viral skin infection following smallpox
vaccination.

Previously, we have shown that over-expression of IL-4 and IL-13 in AD skin supports
increased VV replication in human keratinocytes.22:23 |L-4 and 1L-13 have previously been
shown to signal through STAT61%:16 which binds to consensus target sequences and inhibits
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transcription of innate immune response genes.242% Specifically, we have demonstrated that
IL-4 and IL-13 activate STAT-6 signaling thereby inhibiting the induction of AMPs that
have activity against VV.22:2 In the current study, we demonstrate that neutralization of
IL-4 and IL-13 in ADEH+ skin limits VVV replication. It is unethical to test vaccination in
AD patients; therefore, we used transgenic mice as a surrogate to evaluate whether
constitutive STAT-6 activation predisposes mice to disseminated VVV skin infection.
Transgenic mice over-expressing constitutively active STAT-6 in T cells are predisposed
towards Th2 responses and allergic inflammation, as previously described.12:34 These mice
spontaneously develop eczematoid skin rashes, over-express IL-4 and IL-13 in the skin, and
exhibit increased serum IgE levels due to increased Th2 development in vivo.3® It has
previously been shown, using knockout mice, that VVV replication is impaired in IL-4
deficient mice38 consistent with increased mortality in C57BI/6 mice infected with an IL-4
expressing Ectromelia virus (mousepox).3 In our experiments, constitutive activation of
STAT-6 increased the morbidity and mortality in mice following VV infection. This was
evidenced by increased satellite lesion development and decreased survival in STAT-6VT
mice. Given the importance of STAT-6 in IL-4 and I1L-13 mediated VV replication in AD
skin,? we sought further support for this molecule in susceptibility of disseminated viral skin
infections among atopic dermatitic patients by genotyping genetic polymorphisms
encompassing the STAT6 gene and testing for association with ADEH+, and associated
phenotypes in European American patients participating in the multicenter ADVN.10
Indeed, genetic linkage studies have previously identified chromosomal region 12q13-24,
where STATS is located, to be linked with atopy-related diseases.2® Genetic variants in
STAT6 have been associated with atopy,?’ tIgE,12:29.30 and asthmal231 in diverse
populations. In particular, a polymorphism (rs324011) in intron 2 of STAT6, that was
associated with elevated serum IgE, was suggested to alter NF-«xB binding, STAT6 promoter
activity, and mRNA expression.2%32 In this study, in addition to those significant
associations observed for four STAT6 SNPs (rs3024975, rs841718, rs167769, rs703817) and
ADEH+, we provided suggestive evidence of an association between ADEH and SNP
rs324011. This marker was in strong LD with the strongest ADEH— associated SNP
(rs841718) within the same LD block (D'=0.94, Figure 3B). The association with ADEH
was further enhanced by haplotype analysis, where we observed that haplotype CT (a 2-
marker haplotype, rs167769 C-rs324013T) across a region of 6.87-kb was significantly more
common among in ADEH patients compared to AD patients without EH (24.9% vs and
9.2%; P = 5.17x1075). Interestingly, this haplotype encompasses the major functional region
in the promoter of STAT6. We contend that either this haplotype or an untyped genetic
variant(s) within this locus may confer susceptibility to an increased risk of ADEH and have
a functional impact on disease. Although STAT6 SNPs have been repeatedly associated with
tIgE,29:30:33 none of those identified SNPs for ADEH+ in this study were associated with
this trait (data not shown), suggesting that the genetic associations are specific to disease
risk. To test for the possibility that the associations observed between STAT6 SNPs and
ADEH were for manifestation of an HSV exacerbation in an AD population rather than the
disease markers, we investigated the association between HSV infection and the associated
SNPs among healthy controls, none of which showed association with HSV infection (data
not shown), suggesting that the associations with ADEH were not confounded by HSV
infection. Although the genetic association studies herein were intended to support the
vaccinia virus expression studies and the transgenic murine studies, a shortcoming of these
analyses is a lack of replication in an independent sample. In addition, to explore whether
abnormalities in STAT6 function coexist with an FLG-dependent barrier defect, we
performed a gene-gene interaction analysis (GxG) and found that there was no increased
association for the combined STAT6 SNPs and FLG mutations as compared to SNP
analyzed individually. The results suggested that the associations observed for STAT6 SNPs
might be independent of FLG mutations, but this needs to be replicated in a relatively large
population with a comprehensive coverage of STAT6. One of the major strengths in this
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study is that we observed significant associations between variants in STAT6 and IFNy
production in HSV-stimulated PBMCs from AD patients. Among all subjects, both SNP
rs3024951 and rs324013 showed differential IFNy production in response to HSV exposure.
Although the precise mechanism is not clear, our findings suggest that these STAT6 SNPs
may be involved in the regulation of IFNy production. Indeed, SNP rs324013 T allele, one
part of 2-marker haplotype CT (rs167769 C-rs324013T), showed the strongest association
with an increased risk of ADEH+ but reduced levels of IFNy production, suggesting that this
SNP, or SNPs within the region covering the haplotype, may play a role in mediating HSV
induced IFNy production, and subsequently lead to the development of ADEH+. As a result,
it will be essential to investigate additional SNPs in and around the identified region (~6.87-
kb) in the future.

We recognized that this study has several limitations. In addition to the absence of a
replication population, the sample available for these studies is relatively small. However,
ADEH is a rare disease (~3%), and the sample used for this study reflects intense
recruitment efforts after nearly five years from multiple medical centers. As demonstrated
under “Methods”, we were in fact sufficiently powered to detect a true association given the
frequency of the SNPs associated with ADEH+ (i.e., >10-20%); second, our observations in
these initial studies relying heavily upon a tagging SNP approach are the basis for further
studies. As a next step, we aim to identify the causal STAT6 variant(s) by an independent
replication with sufficient sample size, deep resequencing the candidate region elucidated
herein, and ultimately determining the functional relevance to risk of ADEH+.

In this current study, we demonstrate that skin from ADEH+ patients supports VV
replication. Using STAT-6VT transgenic mice, we demonstrate a functional correlation
between STAT6 activity in T cells and disseminated VV infection. Furthermore, we provide
evidence of an association between STAT6 SNPs and the risk of ADEH and IFNy production
in a multicenter case-control study. Although the mechanisms remain unclear, our findings
suggest that STAT6 SNPs may be involved in the regulation of IFNy production and also
serve as important genetic markers in determining those AD patients with greater
susceptibility to develop disseminated VVV infection following smallpox vaccination. This is
the first study to implicate STAT6 as a potential candidate gene for ADEH. However,
replication in an independent population with sufficient sample size, evidence of association
between STAT6 SNPs and skin IL-4 and IL-13 expression, and evidence of functional
relevance to disease, are clearly needed in the future studies. Additionally, given that FLG in
our previous studies have been shown to have a significant impact on ADEH, further
analysis on an interaction between FLG and STATG6 is essential. Taken together, our data
suggest that the STAT6 gene increases viral replication in the skin of atopic dermatitis
patients with a history of eczema herpeticum. Further genetic association studies and
functional investigations are warranted.

Key Messages
e Increased IL-4 and IL-13 expression enhances viral replication in atopic skin
e Activation of the STAT6 gene enhances viral replication in atopic dermatitis

e Polymorphisms in the STAT6 gene are associated with propensity to eczema
herpeticum
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AD Atopic dermatitis
ADVN Atopic Dermatitis Vaccinia Network
ADEH+ Atopic dermatitis with a history of eczema herpeticum
ADEH- Atopic dermatitis without a history of eczema herpeticum
AlIMs Ancestry Informative Markers
AMP Anti-microbial peptide
AS Asthma
CT 2-SNP haplotype
EASI Eczema Area and Severity Index
EH Eczema herpeticum
EV Eczema vaccinatum
tige total serum IgE
LD Linkage disequilibrium
N No history of skin disease
NIAID National Institute of Allergy and Infectious Diseases
PS Psoriasis
QAD Quiescent atopic dermatitis
SNPs single nucleotide polymorphisms
STAT Signal transducer and activator of transcription
Th2 T helper 2
\aY Vaccinia virus
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Figure 1.

ADEH+ skin supports significantly greater VVV replication. A) DNA was isolated from
media or VV stimulated non-lesional skin and analyzed for VVV gene expression by real-time
RT-PCR. B) Immunofluorescent staining for A27L. C) The MFI for VV expression in the
basal keratinocytes of each biopsy. *, ** and *** indicate significant differences of P <0.05,
P <0.01 and P <0.001, respectively.
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Figure 2.

IL-4 and IL-13 modulate VV replication. VV expression in non-lesional skin from ADEH—
(panel A; n=17) and ADEH+ (panel B; n=6) subjects infected with VVV following pre-
treatment with/without neutralizing antibodies to IL-4 and IL-13. * indicates significant
difference of P <0.05.
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Figure 3.

Constitutive STAT6 expression predisposes mice to disseminated VV infection. A) Satellite
lesions, B) Mortality rate, C) VV gene expression, and D) VV protein staining in wild type
and STAT-6VT mice following infection with 5x106 pfu of V. VV replication was
visualized by staining for the surface protein A27L (red) and wheat germ agglutinin (green)
to visualize the epidermis. *, ** and *** indicate significant differences of P <0.05, P <0.01
and P <0.001, respectively.
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Figure 4.

Analysis of STAT6 polymorphisms in European American samples. A) STAT6 gene
structure and distribution of the genotyped SNPs across the gene (22.6 kb) on chromosome
12913 Haplotype block structure of STAT6 SNPs in European American healthy controls (n
= 166) was presented. The intensity of shading represents D' (a measure of LD) generated
using HAPLOVIEW software, with red (100) to green reflecting higher to lower D’ values.
Both rs3024951 and rs3024955 were excluded in LD plot because of their low allele
frequencies, B) Haplotype results showing Omnibus P-values constructed across sliding
windows of sizes 2-5 for eight common SNPs and ADEH+. Black vertical lines represent all
individual SNP tests, and colored horizontal lines represent 2-, 3, 4, 5, haplotype tests. *see
detailed data in Table IV.
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Figure 5.

Association of STAT6 SNPs with IFNy production in HSV-stimulated PBMCs from AD
patients (n=44) as determined by the logqg-transformed mean SFC/10° cells. A) The
association was observed for SNP rs3024951 (TC [n=7] vs CC [n=32)] P = 0.008), B) the
association was observed for SNP rs324013 (CC [n=13] vs CT [n=18] +TT [n=8],P =
0.025). N.S.: not significant.

J Allergy Clin Immunol. Author manuscript; available in PMC 2012 November 1.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Howell et al.

Characteristics of Skin Biopsy Donors

Table |

Subject Group Age Serum IgE (KU/L) | # of IgE allergen positive
Years (Geometric mean + ImmunoCARP tests
(mean + SEM) SEMl) (mean + SEM)
ADEH- (N = 44) 32.6+1.98 137.4+51.97 52+0.59
ADEH+ (N = 18) 21.6+4.14 536.4 + 288.97 6.7 £1.06
Asthmatic (N = 30) 31.4+1.99 77.05 £ 29.40 3.8+0.60
Normal (N = 42) 29.2+1.18 2462+7.19 2.0+0.40
Psoriasis (N = 29) 40.4 £2.48 28.21+10.89 1.6+0.45
Quiescent AD (N = 28) 34.3+215 54.50 + 20.09 2.8+0.53

1 .
Back-transformed standard errors computed using the Delta method
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Table Il

Racial Distribution Among Skin Biopsy Donors

Race N
Indian 5
Asian 5
Caucasian 166
Other 12
Multi-Racial 3
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