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ABSTRACT
Background: Glucocorticoid-induced TNF receptor-related protein ligand (GITRL), a ligand for
the T cell co-stimulatory molecule GITR, is expressed by keratinocytes and involved in
chemokine production. The expression of GITRL in skin inflammation is unknown.
Objectives: This study investigated cytokine regulation of keratinocyte GITRL expression.
Methods: GITRL expression was evaluated in cytokine treated human epidermal keratinocytes
(HEK)s, murine PAM 212 cell line, murine and human skin explants by real time PCR, flow
cytometry and immunostaining. Functional responses to GITR fusion protein were examined by
real time PCR and ELISA. GITRL expression in AD and psoriasis was studied by
immunohistochemistry.
Results: Skin biopsies from STAT6VT transgenic mice, which develop spontaneous atopic skin
inflammation, were found by immunofluoresence, to have increased keratinocyte GITRL
expression. Exposure to Th2 cytokines augmented GITRL mRNA expression in the murine
PAM 212 keratinocytic cell line and murine skin explants. In contrast, GITRL mRNA and
protein expression was only increased in HEKs and human skin explants in the presence of the
combination of TNFo and Th2 cytokines. A synergistic effect of Th2 cytokines and GITR fusion

protein on production of CCL17, the Th2 chemokine, by murine keratinocytes was
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demonstrated. Immunohistochemical staining showed that acute AD lesions have increased

expression of GITRL compared with normal skin, chronic AD lesions and psoriatic plaques.

Conclusions and Clinical Relevance: Our studies demonstrate that GITRL expression is

augmented by Th2 cytokines and TNFo in keratinocytes. Increased GITRL expession in acute

AD skin lesions is shown. This data suggests a link between cytokine regulated keratinocyte

GITRL expression and its role in inflammatory responses in AD.
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PBS Phosphate-buffered saline

SEA, SEB, SEC Staphylococcal enterotoxin A, B, C
TNF Tumor necrosis factor

TSLP Thymic Stromal Lymphopoietin
INTRODUCTION

Inflammatory dermatoses are associated with differential proinflammatory cytokine
environments. Acute AD skin lesions show increased expression of IL4 and IL13 mRNA. In
contrast, chronic AD skin has high levels of IFNYy producing cells [1]. Psoriasis is characterized
by elevated TNFa and IFNYy production in the skin [2].

We have recently demonstrated expression of glucocorticoid-induced tumor necrosis
factor (TNF) receptor-related ligand (GITRL) on both murine and human keratinocytes [3].
GITRL is a member of the TNF superfamily, originally identified on professional antigen-
presenting cells including macrophages, B cells, and dendritic cells [4-6]. GITRL ligates its
receptor, GITR, which is expressed at a low level on naive T cells [5-8], with increased
expression on CD4+CD25+ regulatory T cells (nTreg cells) [9,10] and activated effector T cells
[7]. Similar to other members of the TNF superfamily [11], the GITR/GITRL couplet can
transduce signals through both the receptor and ligand (reverse signalling) [12]. Reverse
signaling through GITRL induces production and release of CCL17 and CCL27 by keratinocytes
[3]. Both of these agents are important chemoattractants for the cutaneous influx of activated T
cells associated with inflammatory dermatoses including atopic dermatitis (AD) [13, 14] and

psoriasis [15-17].
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The expression of GITRL in inflammatory dermatoses is undefined and the regulatory
effect of cytokines is poorly understood. Multiple studies emphasized modulation of GITRL
expression [18-21]. Stephens et al. showed that surface expression of GITRL on murine splenic
B cells can be temporarily increased in response to LPS, CPG and IL4 + CD40 [22]. Retinal
pigment epithelial cells have been shown to increase GITRL expression in vitro in the presence
of IL-1a, TNFa and IFNy [23].

We hypothesized that upregulation of GITRL expression by keratinocytes would be
associated with skin inflammation and regulated by the local cytokine milieu. In this study we
demonstrate that upregulation of GITRL expression in keratinocytes is dependent on Th2

cytokines +/- TNFa and selectively associated with acute AD.

MATERIALS AND METHODS
Reagents

Recombinant human and murine IL4, IL.13, IFNy and TNFa were purchased from R&D
Systems (Minneapolis, MN). Rabbit anti-mouse GITRL Ab (M-173) and goat anti-human
GITRL Ab (C-18) were purchased from Santa Cruz Biotechnology (Santa Cruz, CA). Mouse
anti-human GITRL monoclonal Ab (clone 109114) and mouse IgG were purchased from R&D
Systems (Minneapolis, MN). Cy3-conjugated goat anti-rabbit, and FITC-conjugated goat anti-
mouse secondary Abs were purchased from Jackson ImmunoResearch Laboratories (West
Grove, PA). Biotinylated rabbit anti-goat Ab was purchased from Dako (Carpinteria, CA). GITR
(murine): Fc (human) (recombinant) fusion protein (GITR: Fc FP) (ALX-522-024) and control:
Fc (human) (reconbinant) fusion protein (control: Fc FP) (ALX-203-004-C050) were purchased

from Alexis Biochemicals (San Diego, CA).
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Human subjects

Subjects included six healthy control subjects, six patients with psoriasis, eight patients
with chronic AD lesions and nine patients with acute AD lesions. Acute and chronic AD skin
lesions were defined as reported by us earlier [24]. Skin lesions that appeared on the patient’s
skin within two days of the skin biopsy were considered acute, lesions that were persistent
beyond two weeks were considered chronic. The study was approved by the Institutional Review
Board at National Jewish Health (Denver, CO). All subjects gave written consent prior to
participation. Up to six 2 mm punch biopsies were collected from each individual and either
immediately placed in 10% buffered formalin for immunohistochemistry or placed in RPMI 10%

FCS to be used in ex vivo experiments.

Mice

Heterozygous STAT6VT and STAT6VT+IL4 7 transgenic mice were previously
described [25,26]. In our animal facility the STAT6VT mice were bred with C57BL/6 mice to
maintain a population of transgenic mice and wild type controls. STAT6VT+ IL4 7 transgenic
mice were backcrossed with STAT6VT- IL4™ littermates to maintain IL4 deficiency. The
experimental protocols were approved by the Institutional Animal Care and Use Committee

(IACUC) at National Jewish Health (Denver, CO).
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Cell culture

PAM 212 mouse cells were kindly supplied by Dr. Ansel's lab at University of Colorado
Denver (Denver, CO). They were cultured in the RPMI 1640 medium (Cellgro, Manassas, CA)
containing 10% heat-activated fetal calf serum (Gemini, West Sacramento, CA), 40 mmol/I L-
glutamine, 100 U/ml penicillin, and 100 U/ml streptomycin. The cells were plated overnight in
48-well tissue culture plates (5><1O4 cells/ml) before the addition of 14, IL13, and TNFo, for 24h.
For CCL17 assays, the cells were stimulated with GITR: Fc FP for additional 24h before cell
culture supernatants were collected for analysis by ELISA.

Human epidermal keratinocytes (HEK)s were purchased from Cascade Biologics
(Invitrogen, Carlsbad, CA) and cultured in serum-free media with gentamicin and amphotericin
B (0.25 pg/ml). Keratinocytes were cultured in medium with low calcium (0.06mM CaCl,) and
were referred to as undifferentiated keratinocytes [27]. For keratinocyte differentiation the cells
were cultured for seven days in the medium with high calcium (1.3mM CaCl,) [27]. Cells were
plated on matrix treated 24-well plates (1><105 in 1 ml) or 48-well plates (5><104 in 0.5 ml) for

24h, followed by stimulation with cytokines (TNFa (20ng/ml), IL4 (50ng/ml), IL13 (50ng/ml),

IFNy (100U/ml)).

Ex vivo experiments

Three month old male C57BL/6 mice were shaven along their backs. Further hair
removal was achieved with Nair (Church & Dwight, Princeton, NJ). Three days later, the mice
underwent isoflurane euthanasia. The shaved skin was dissected from the bodies and tape-

stripped twice. Four mm punch biopsies were then taken along the skin. There was no visible

© 2012 Blackwell Publishing Ltd



inflammation evident at the time the biopsies were collected. The biopsies were incubated in 200
ul of RPMI 10% fetal calf serum with IL4 (50ng/ml) and IL13 (50ng/ml) for 24h.
Two mm human skin biopsies were placed in 200 pl of RPMI 10% fetal calf serum with

or without TNFo (20ng/ml), IL4 (50ng/ml) and IL13 (50ng/ml) or all three cytokines for 24h.

Immunofluorescence studies

Four mm punch skin biopsies were obtained from three STAT6VT transgenic mice, three
STAT6VT+ILA™ transgenic mice and three wild type (C57BL/6) mice following isoflurane
euthanasia. Hair removal was performed three days earlier as described for ex vivo experiments.
Skin samples were fixed in 10% phosphate-buffered saline (PBS)-buffered formalin, embedded
in paraffin, and processed for histology. The samples were blocked for 30 min using SuperBlock
(Skytec, Logan, UT) and incubated overnight at 4°C with a primary ab against GITRL. A Cy3
conjugated secondary Ab was added for 1h at room temperature along with 4'-6-diamidino-2-
phenylindole, dihydrochloride (DAPI) (Sigma, St Louis, MO) before the slides were mounted in
ProLong® Gold Antifade Reagent (Invitrogen). All slides were analyzed by fluorescent
microscopy (Leica Microsystems, Wetzlar, Germany) with imaging software Slidebook

(Intelligent Imaging Innovations, Denver, CO).

Immunohistochemistry

Sections were deparaffinated in xylene, dehydrated in ethanol, and washed in PBS.
Successive permeabilization steps (with Triton 0.2% in PBS) and hydrogen peroxide (5% in
PBS) were done for 30 min each. The sections were then washed three times for 5 min in PBS

before incubation with a universal blocking solution (DakoCytomation, MN) for 30 min. Tissue
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sections were immunostained with goat anti human GITRL (200ug/ml). The secondary Ab,
biotinylated rabbit anti goat was applied at concentration of 1/100. To confirm specificity
sections were stained with a normal goat IgG-isotype control Ab and anti-GITRL Ab
preadsorbed with a five-fold mass excess of immunizing peptide for GITRL (Santa Cruz
Biotechnology Santa Cruz, CA). The immunostains were developed using StreptAB
Complex/HRP (Vector Laboratories (Burlingame, CA) and diaminobenzidine substrate (DAB)
as per the manufacturer’s instructions. All slides were coded prior to analysis and read blindly.
The intensity of the immunostaining was graded using a scoring system 0-8 where 0 is no

staining, and 8 the most intense staining.

Flow cytometry

HEKSs were detached from 24-well tissue culture plates using HyQtase (Hyclone, Logan,
UT). The supernatants were removed and 350ul of HyQtase was added per well for 10 min at
37°C. When cell detachment was confirmed under inverted microscope, the cell suspension was
removed and spun down at 1,000 rpm for five min at 4°C. The cells were fixed in 1%
paraformaldehyde and washed twice in PBS, followed by incubation with SuperBlock solution.
The cells were stained overnight with mouse anti-human GITRL Ab or mouse IgG followed by
FITC-conjugated secondary Ab. All samples were analyzed by flow cytometry (FACScan
Becton Dickinson Cytometer, Franklin Lakes, NJ) and CellQuest Pro software (Becton

Dickinson).
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Real-time PCR

Total cellular RNA was isolated by the acid guanidinium thiocyanate—phenol—chloroform
method, according to the manufacturer's guidelines (Qiagen, Valencia, CA), transcribed into
cDNA, and analyzed by real-time PCR using the dual-labeled fluorigenic probe method on an
ABI Prism 7000 Sequence detector (Perkin-Elmer Applied Biosystems, Foster City, CA).
Primers and probes for murine and human GITRL and 18S RNA were purchased from Applied
Biosystems. Standard curves were generated using the fluorescent data from two-fold serial
dilutions of total cDNA of the highest expression sample. Quantities of target gene expression in

test samples were normalized to the corresponding 18S RNA transcript.

ELISA
Supernatants were harvested and frozen at —80°C. Analysis with a CCL17 Quantikine

Elisa kit (R&D Systems) was according to the manufacturer's instructions.

Statistical Analysis

Statistical analysis was conducted using Graph Pad Prism, version 4.03 (San Diego, CA).
Statistical differences between groups were determined using an unpaired ¢ test with significant
differences conferred when P<0.05. In cases where multiple groups were compared with a
control, data were analyzed by a one-way analysis of variance (ANOVA), and significant

differences were determined by a Bonferroni test.
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RESULTS
GITRL expression is upregulated in the skin of STAT6VT transgenic mice.

Based on our previous observations that GITRL is expressed on keratinocytes [3], the
purpose of this work was to explore the expression of GITRL in skin inflammation. In this first
set of experiments we examined the expression of GITRL in the skin of STAT6VT transgenic
mice, which express a mutant STAT6 (STAT6VT) in T cells that is constitutively active in the
absence of IL4 [28]. These mice are prone to the development of spontaneous atopic skin
inflammation. IL4 and IL.13 expression is increased in their skin [26].

Skin biopsies were collected from three STAT6VT transgenic mice, three
STAT6VT+ILA™ transgenic mice and three wild type controls (C57BL/6). The formaldehyde
preserved biopsies were stained with fluorescent Abs against GITRL. A significant increase in
the expression of GITRL, by the keratinocyte layer of the biopsies, was observed in STAT6VT
mice compared with both WT controls and STAT6VT mice lacking endogenous IL4 (P<0.01)
(Fig 1a,1b). There was also a significant difference in expression between control mice and
STAT6VT mice lacking IL4 (P<0.01), suggesting that IL4 was not the only mediator of
increased GITRL expression (Fig 1a,1b). This experiment indicates increased keratinocyte
expression of GITRL in STAT6VT mice and suggests that this increase may be cytokine

regulated, specifically by Th2 cytokines.

Th2 cytokines upregulate murine keratinocyte GITRL mRNA expression
In light of this data we sought to define the effect of Th2 cytokines on GITRL in a murine
keratinocyte cell line, PAM 212, in which we have previously confirmed endogenous expression

of GITRL [3]. Keratinocytes were incubated in the presence of IL4, IL.13 or both cytokines for
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24h. The cells were then harvested and analyzed for GITRL mRNA expression by RT-PCR.
After 24h of treatment with Th2 cytokines, GITRL mRNA levels were significantly (P<0.05)
increased in Th2 treated PAM 212 cells compared with untreated cells ([mean+SD]: 0.13+0.03
[ILA4], 0.18+0.02 [IL13] and 0.27+0.07 [IL4/IL13] vs. 0.04+0.01 [untreated cells] ng GITRL per
ng 18S RNA,). Incubation with IL4 and IL13 increased GITRL levels significantly more than
with IL4 alone (P<0.05), but not more than IL.13 alone (Fig. 2a). A detailed time course study
determined that GITRL mRNA induction by Th2 cytokines was the highest at 24h (data not
shown).

To further confirm the effect of IL4 and IL.13 on murine GITRL expression, skin biopsies
from male C57BL/6 mice were incubated with Th2 cytokines for 24h and then harvested and
analyzed for GITRL mRNA expression. A significant increase in GITRL mRNA expression was
found after incubation with IL4 and IL.13 compared with untreated skin biopsies (0.14+0.060 vs

0.034+0.01 ng GITRL per ng 18S RNA, P<0.05) (Fig. 2b).

Th2 cytokines and GITR Fusion protein synergize to increase CCL17 production by
murine keratinocytes.

CCL17 is the primary chemoattractant of Th2 producing, skin homing T cells and its
expression correlates with severity of AD skin disease. We have previously reported that ligation
of GITRL on the surface of murine keratinocytes, using GITR Fusion Protein (GITR: Fc FP),
induces production of CCL17 [3]. We now sought to understand the effect, on CCL17
production, of ligating murine GITRL in a Th2 cytokine milieu. PAM 212 murine keratinocytes
were incubated with IL4, IL.13 as described above, for 24h before addition of murine GITR: Fc

FP or control: Fc FP for additional 24h. Supernatants were then collected and analyzed by
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ELISA for CCL17 content. Both Th2 cytokines and GITR: Fc FP induced CCL17 production.
GITR: Fc FP induced significantly greater CCL17 production in Th2 pretreated kertainocytes
than either trigger alone (P<0.05) (Fig 3a). Control fusion protein did not affect CC17 production
by murine keratinocytes (4012 pg/ml CCL17 was detected in the kertainocyte culture media
after 24h of stimulation with 10pg/ml of the control: Fc FP; and 95+20pg/ml CCL17 was
detected in the keratinocyte culture media after stimulation of the Th2 pretreated PAM 212 cells
with control: Fc FP).

To further explore the synergistic effect of IL4 and IL13 and GITR:Fc FP on murine
CCL17 production, skin biopsies from male C57BL/6 mice were incubated with or without 1L4
and IL13 for 24h and then murine GITR: Fc FP for 6h before being harvested and analyzed for
CCL17 mRNA expression. There was a significant increase in CCL17 mRNA both in the
presence of Th2 cytokines or GITR: Fc FP alone. However, the two triggers together induced
significantly greater expression of CCL17 mRNA as compared to either one alone (0.42+0.06
[both stimuli] vs 0.25+0.02 [1L4/1L13] and 0.19+0.03 [GITR:FcFP] ng GITRL per ng 18S
RNA, P<0.05) (Fig 3b). Control fusion protein did not alter CC17 production by murine skin
explants (0.07+0.01 and 0.18+0.03 ng GITRL per ng 18S RNA for the control: Fc FP protein
treated keratinocytes after the cells were preincubated in media only or with TH2 cytokines for

24h, respectively).
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In the presence of I1.4 and IL.13, TNFa induces an increase in human keratinocyte GITRL
expression.

In the following experiments, we extended our study on cytokine regulation of
keratinocyte GITRL expression to human keratinocytes. We have previously confirmed
expression of GITRL mRNA and surface protein in human epidermal keratinocytes (HEKSs) and
human skin explants [3]. Undifferentiated HEKs were incubated in the presence of recombinant
human IL4, IL13 (both 50ng/ml), TNFo (20ng/ml) or IFNy (100U/ml) or these cytokine in
combination for 24h. The range of cytokines studied was broadened to include TNFa and IFNy
as they are important players in inflammatory dermatological conditions including psoriasis and
chronic atopic dermatitis. After incubation with cytokines, the cells were harvested and analyzed
for GITRL mRNA expression by real-time PCR. Incubation with TNFo or IFNYy alone had no
effect on GITRL mRNA levels. After treatment with IL4 and IL13, mRNA levels for GITRL
were significantly increased compared with untreated cells ([mean+SD]: 0.83+0.04 vs 0.24+0.03
ng GITRL per ng 18S RNA, P<0.001). However, addition of TNFa along with IL4 and IL13,
significantly increased expression of GITRL mRNA compared to the Th2 cytokines alone
(1.53+0.10 vs 0.83+0.04 ng GITRL per ng 18S RNA, P<0.01). Addition of IFNYy in conjunction
with IL4 and IL13 inhibited the increase in GITRL mRNA (Fig 4a). ). As in in vitro experiments
with murine PAM 212 kertainocyte cell line a detailed time course study determined that GITRL
mRNA induction by Th2 cytokines/TNFa was the highest at 24h (data not shown).

Subsequently we performed similar experiments in keratinocytes differentiated for seven
days in high calcium (1.3mM CaCl,) media. Only addition of IL4/IL13/TNFa significantly

increased GITRL expression above untreated cells (0.055+0.013 vs 0.009+0.002 ng GITRL per
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ng 18S RNA, P<0.01). Th2 cytokines alone did not alter GITRL mRNA expression in
differentiated keratinocytes (data not shown).

To further explore cytokine regulation of GITRL in human keratinocytes, 2 mm human
skin punch biopsies were incubated with IL4 and IL13 or TNFa, or all three cytokines for 24h
and then harvested and analyzed for GITRL mRNA expression. Neither TNFo nor 114 and 1L.13
alone had a significant effect on GITRL mRNA levels. However, there was a significant increase

in GITRL mRNA expression after incubation with all three cytokines together compared with

untreated controls (0.012+0.003 vs 0.004+0.001 ng GITRL per ng 18S RNA, P<0.01) (Fig 4b).

Surface expression of GITRL on human keratinocytes is increased in the collective
presence of 114, I1.13 and TNFo.

In the next set of experiments, we evaluated the expression of GITRL on the surface of
undifferentiated HEKSs by flow cytometry after exposure to IL4 and IL13 or TNFa or all three
recombinant cytokines for 24h. There was no significant difference between the geometric mean
fluorescence for GITRL in untreated cells and in cells stimulated with either TNFo. or IL.4 and
IL13. However the geometric mean fluorescence for GITRL in HEKs stimulated with all three
cytokines, IL4, IL13 and TNFa, was significantly increased compared with untreated cells and
cells incubated with IL4/IL13 or TNFo alone ([mean+SD]: 32.50+1.2 vs 22.9+1.1 or 23.7+0.9 or
27.2+0.7 respectively P<0.01) (Fig.5 a-e). The data demonstrates that in human keratinocytes

augmentation of GITRL expression requires TNFo along with addition of Th2 cytokines.
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GITRL expression is upregulated in keratinocytes from acute AD lesions.

There is now much data demonstrating the differential role of cytokines in the
pathogenesis of inflammatory dermatoses. Acute AD is associated with Th2 cytokines and also
TNFo. In contrast chronic AD exhibits expression of IFNY [1]. Psoriasis is associated with
increased cutaneous production of IFNy and TNFa [2]. Th2 cytokines were found here to
increase GITRL expression in keratinocytes. Thus we proposed that GITRL expression would be
upregulated in acute AD lesions. To explore this hypothesis, 2 mm punch skin biopsies were
excised from normal individuals and patients with either acute and chronic AD lesions or
psoriatic lesions and formalin preserved before staining with anti human GITRL Abs (Fig. 6a-d).
Skin samples from all study groups demonstrated presence of GITRL positive cells in dermis
(Suppl. Fig. 1); as well, GITRL expression was observed in epidermal keratinocyte layers.
Keratinocyte GITRL expression in the study groups was evaluated further. It was found that
there was no significant difference between keratinocyte GITRL expression in normal skin and
either chronic AD lesions or psoriatic lesions. However, there was a significant increase in
keratinocyte GITRL expression in acute AD lesions compared with all other conditions and
normal skin (P<0.0001) (Fig 6e). GITRL staining was observed in keratinocytes both in the

upper and lower layers of epidermis (Suppl. Fig. 2).
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DISCUSSION

It has been demonstrated here, uniquely, that keratinocyte expression of GITRL is
differentially regulated by inflammatory cytokines. At the outset we demonstrated increased
expression of GITRL protein in the skin of STAT6VT mice. This is the first time GITRL
expression has been detailed in these mice which have previously been shown to have increased
IL4 and IL13 expression in their skin [25, 26]. GITRL protein levels were reduced significantly
in mice that had both constitutively active STAT6 and an inability to produce IL.4 compared with
IL4 sufficient STAT6VT mice suggesting that GITRL expression was partially regulated by IL4
in a STAT-dependent manner. Subsequently, we demonstrated in both a murine cell line and
explants that both IL4 and IL13 independently increase GITRL mRNA.

Cytokine regulation of GITRL was further studied in undifferentiated HEKSs.
Pretreatment with Th2 cytokines increased GITRL mRNA expression but TNFo alone had no
effect. However, its addition to cultures containing Th2 cytokines, augmented expression
beyond that of IL4 and IL.13 alone. Furthermore, TNFa, along with IL4 and IL13 was essential
for upregulation of GITRL mRNA expression in human skin explants. In contrast, IFNy inhibited
augmentation of GITRL expression by Th2 cytokines. Differences between the murine and
human GITRL have previously been identified. Human and mouse orthologs of GITRL share
about 50% amino acid sequence identity which is similar to other TNF/TNFR family members
[5], but mouse GITRL does not recognize the human receptor, and vice versa [29]. Thus,
differential regulation of GITRL in murine and human keratinocytes appears to coexist with

differential structure.
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We have previously demonstrated that ligation of GITRL on keratinocytes, stimulates
CCL17 production [3]. Th2 cytokines also induce keratinocyte production of CCL17 [30, 31].
Here we explored the effect of both stimuli. It was demonstrated that GITR: FC FP and Th2
cytokines collectively increased CCL17 mRNA levels and protein release more than either
stimulus alone. This synergy does not appear to reduce the threshold for GITRL signaling, as a
ten fold smaller dose of GITR: FC FP (1ug/ml) which does not induce CCL17 alone also had no
effect on CCL17 induced by Th2 cytokines (data not shown).

Finally, we demonstrated that acute AD lesions have increased keratinocyte GITRL
expression compared with normal skin or inflamed lesions from chronic AD sites or acute
psoriatic plaques. This is consistent with upregulation by IL4/IL13 and TNFo.. TNFa is not
generally considered a primary cytokine in acute AD lesions. However, it has been shown that in
the presence of additional triggers, cutaneous TNFo can be generated. TNFo can be produced by
keratinocytes in response to staphylococcal enterotoxin A, B, C, (SEA), (SEB), (SEC) [32] or in
response to dust mites [33]. A synergistic effect of Th2 cytokines and TNFo has previously
been demonstrated in the induction by keratinocytes of Thymic Stromal Lymphopoietin (TSLP)
[34] which is central to the pathogenesis of AD. Synergistic responses are not always seen when
keratinocytes are triggered by Th2 cytokines and TNFa simultaneously [35]. 1L4 and IL.13 can
inhibit the TNFo and IFNy mediated induction of both Human {beta}-Defensin 3 (HBD-3) and
CCL22 [36]. Chronic patches of AD and psoriatic lesions were not found to express GITRL
significantly above baseline levels. Thus, the increase in GITRL was not a generalized finding in

skin inflammation.
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Baumgartner-Nielsen et al. [37] previously demonstrated the expression of GITRL in the
dermis of AD lesions. In our experiments GITRL positive cells were seen both in the dermis and
epidermis in skin biopsy samples. The current paper focused on GITRL function in
keratinocytes. Baumgartner-Nielsen et al. [37] did not report the presence of GITRL staining in
keratinocytes. We suspect that different tissue processing effects binding of the GITRL antibody
in skin sections. In our study we examined GITRL expressing in the skin sections using sections
from paraffin embedded skin biopsies. Skin sections were deparaffinized prior to the staining.
The specificity of the staining was confirmed with the five-fold mass excess of the immunizing
peptide. Baumgartner-Nielsen et al. [37] examined GITRL expression in cryopreserved skin
biopsies.

Wang et al. [38] and Kamimura et al. [39] recently reported GITR expression by human
keratinocytes. In the current study we did not examine GITR expression by murine or human
keratinocytes. Our data does not exclude the possibility that GITR: Fc FP protein while
stimulating GITRL may inhibit the activation of GITR signaling in keratinocytes.

In summary, we have demonstrated for the first time that epidermal expression of GITRL
is increased by Th2 cytokines and TNFa.. We have also revealed a novel collaborative induction
of cutaneous CCL17 production via engagement of keratinocyte GITRL in the presence of Th2
cytokines. Most importantly, GITRL was found to be selectively upregulated in the keratinocytes

of acute AD patients. This is the first data to link GITRL to the pathogenesis of AD.
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