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A differential response between normal and psoriatic keratinocytes’ N-methyl-D-aspartate
receptor subtype 2C following tumor necrosis factor alpha exposure

V Morhenn,' ] Mansbridge? and W) Nahm® 1 Medicine Div. Dermatology, UCSD, San Diego,
CA, 2 Histogen Inc., San Diego, CA and 3 University Clinical Trials, San Diego, CA

After wounding, psoriatic skin heals significantly faster than normal skin. Expression of the N-methy!-
D-aspartate receptor (NMDAR) subtype, 2C (NR2C), is reduced in psoriatic skin in vivo and this
receptor is induced in normal keratinocytes by tumor necrosis factor alpha (TNFa) in vitro. NMDARs
can regulate Ca++ influx in keratinocytes, and levels of intracellular Ca++ regulates these cells’
migration and proliferation. To determine whether differential expression of NR2C occurs in psori-
atic and normal keratinocytes after TNFo exposure, we performed qPCR on cell cultures (normal,
psoriatic involved and psoriatic uninvolved), after TNFo. treatment. Keratinocytes obtained from nor-
mal and psoriatic skin were grown to confluence in supplemented keratinocyte growth medium
(60 uM Ca++). The cells were then incubated in medium without the additives but with 150 uM
Ca++ for 2 days. Representative cultures were incubated with TNFa for 3 days, and RNA extracted;
the NR2C mRNA was determined by qPCR. TNFa significantly induced NR2C mRNA but only in
normal keratinocytes. Immunocytochemistry showing TNFa induction of NR2C protein in only nor-
mal keratinocytes confirmed these results. In addition, to determine whether an induction of NR2C
was associated with an effect of TNFo on epiboly, we cultured all three cell types (normal, involved
and uninvolved), with or without induction of NR2C and then scratched the representative mono-
layers with a pipette tip to create a “wound.” TNFa reduced cell migration into the denuded zone
only in normal keratinocyte monolayers that expressed NR2C. Thus, NR2C expression may play an
important role with TNFo on regulating normal keratinocyte migration. Differential expression of
NR2C and its interplay with TNFou may explain, in part, the increase in the rate of wound healing
in psoriasis.
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Dysregulated iRHOM2/ADAM17 inTylosis with oesophageal cancer affects Ephrin- and EGF-
family-mediated keratinocyte adhesion and migration

MA Brooke,' SL Etheridge,‘ DC Blaydon,' S Getsios® and DP Kelsell' 7 Centre for Cutaneous
Research, Blizard Institute, QMUL, London, United Kingdom and 2 Skin Disease Research
Centre, Northwestern University, Chicago, IL

We have linked mutations in the inactive rhomboid protein iRhom2 with the autosomal dominant
disorder Tylosis with Oesophageal Cancer (TOC). Symptoms include palmoplantar keratoderma and
agreatly increased risk of oesophageal cancer. Previously, we showed increased activation of Epithe-
lial Growth Factor (EGF) signalling in TOC keratinocyte cell lines, which migrate significantly faster
than controls during scratch wound assays, particularly in the absence of exogenous EGF. This led
us to investigate the role of ADAM17 (TACE), whose maturation is regulated by iRhom2. Western
blotting of ADAM17 in TOC keratinocytes demonstrated increased processing of ADAM17, shown
by increased mature ADAM17 compared to controls and elevated levels of the ADAM17 pro-domain.
Immunocytochemistry showed increased ADAM17 at the plasma membrane in TOC cells. After
stimulation with PMA or LPS, keratinocytes and PBMCs from TOC patients showed increased pro-
duction of ADAM17 substrates, including amphiregulin and pro-inflammatory cytokines TNFa and
IL-8 (p<0.05). This was abrogated by siRNA knockdown of ADAM17. Amphiregulin was also upreg-
ulated in TOC cells after scratch wounding (p<0.001). A protein array comparing phospho-recep-
tor tyrosine kinases in control and TOC keratinocytes showed reduced phosphorylation of the EphA4
receptor. Western blotting showed increased levels of total EphA4 and EphA2 in TOC cells com-
pared to controls. EphA2 is targeted by EGF signalling. The Eph/Ephrin pathway is important in adhe-
sion and migration and is dysregulated in many cancers. Dispase assays suggested increased adhe-
sion in TOC cells consistent with dysregulation of this pathway. These data indicate that
TOC-associated mutations in iRhom2 lead to dysregulation of ADAM17 maturation, affecting EGFR
and Ephrin signalling and the inflammatory cytokine response. Thus the TOC phenotype may be
due to altered wound healing as a result of dysregulated adhesion and migration.
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HOXD10 is a major mediator of VEGF-C-induced lymphangiogenesis

S Krampitz‘ A Mathelier? L Dieterich," A Primorac,' J Shin,> H Kawaji,3 W Wasserman® and
M Detmar' 1 ETH Zurich, Zurich, Switzerland, 2 University British Columbia, Vancouver, BC,
Canada and 3 RIKEN Center, Yokohama, Japan

Activation of the lymphatic vasculature promotes cancer metastasis and modulates inflammatory
reactions, whereas impairment of lymphatic function results in lymphedema. The major lymphan-
giogenic factor, vascular endothelial growth factor-C (VEGF-C), mainly acts via activation of VEGF
receptor-3 (VEGFR-3). Recently, VEGF-C and its receptor have become the targets for new thera-
peutic strategies that have entered the clinic. However, little is known about signaling downstream
of VEGFR-3 activation. We aimed to identify transcriptional networks that mediate the VEGF-C effects
on lymphatic endothelium via VEGFR-3, utilizing a mutant form of the VEGF-C protein, named
VEGF-C156S, which specifically activates VEGFR-3 but not VEGFR-2. We treated human lymphatic
endothelial cells (LEC) with VEGF-C156S and obtained mRNA at 15 time points (Omin to 8h), fol-
lowed by cap analysis of gene expression (CAGE) sequencing. We found that 84 transcription fac-
tors (TFs) were differentially expressed over the time course. Many of these TFs are known early
response genes, with expression peaks between 30 and 80 min after VEGF-C addition. To identify
TFs specifically involved in the LEC response to VEGF-C, we analyzed TF binding sites in the dif-
ferentially activated promoters using oPOSSUM3, together with gene set enrichment analyses
using published results of different cell types after growth factor treatment. These analyses revealed
HOXD10 to be activated in LECs after VEGF-C stimulation. HOXD10 was found to be LECs spe-
cific, as compared to blood vessel ECs, and to be a target gene of the lymphatic TF Prox1. Aden-
oviral gain-of-function and loss-of-function studies revealed that the TFs ATF3, FOSB and NR4AT1,
that were also induced by VEGF-C, are under transcriptional control by HOXD10, and that HOXD10
mediates the VEGF-C-induced upregulation of NR4A1. HOXD10 modulated LEC migration and
sprouting. Together, these results reveal an unanticipated role of HOXD10 in the control of lym-
phangiogenesis.

Enhanced cellular internalization of FGF1/CPPC fusion protein promoted its radioprotective
effect in the hair follicles

F Nakayama,' S Umeda,' T Yasuda,” M Asada,’ T Imamura’ and T Imai' 7 Advanced Radiation
Biology Research Program, Research Center for Charged Particle Therapy, National Institute
of Radiological Sciences, Chiba, Japan, 2 Department of Radiation Emergency Medicine,
Research Center for Radiation Emergency Medicine, National Institute of Radiological
Sciences, Chiba, Japan and 3 Signaling Molecule Research Group, Biomedical Research
Institute, National Institute of Advanced Industrial Science and Technology, Tsukuba, Japan
Signals for FGF1 functions come from not only activated FGF receptors (FGFR) but also internal-
ized FGF1. Although FGF11 subfamily members (FGF11-14) have structural similarity with FGF1,
FGF11-14 possess unique C-terminal polypeptides. Novel cell-penetrating peptide domains (CPPC11-
14) were identified from the C-terminal region of FGF11-14 proteins, which could readily deliver
FGFs into cells independently of FGFRs. In this study, we created FGF1/CPPC fusion proteins
(FGF1/CPPC11-14) following the alignment of FGF12 C-terminal region and evaluated the protec-
tive activity of FGF1/CPPC11-14 against radiation damage. FGF1/CPPC11-14 fusion proteins were
internalized into the rat intestinal epithelial cell line IEC6 more efficiently than FGF1. However, the
mitogenic activity of FGF1/CPPC12 through FGFR1c was less than that of FGF1. In contrast,
FGF1/CPPC11-14 significantly reduced radiation-induced apoptosis in IEC6 cells in the presence
of heparin, and the administration of FGF1/CPPC11-14 to BALB/c mice without heparin reduced
the induction of apoptosis in hair bulbs 24 h after irradiation. In addition, pre-treatment with
FGF1/CPPC11-14 maintained K15 positive stem cells in the bulge after irradiation, although K15
positive stem cells decreased in anagen hair follicles after irradiation. These findings indicate that
FGF1/CPPC fusion proteins protect the hair follicles against radiation-induced injury and suggest
that cellular internalization of FGF1/CPPC11-14 is involved in their activities independently of
FGFRs.
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Sustained p-catenin activity leads to dermal fibrosis by promoting expression of various pro-
fibrotic mediators

E Hamburg,] D Chen," E Torres,> H Chang2 and R Atit' 1 Case Western Reserve University,
Cleveland, OH and 2 Stanford University, Stanford, CA

The purpose of this study is to determine the mechanism of pro-fibrotic p-catenin activity in dermal
fibroblasts. We have examined fibrotic human tissue by immunohistochemistry and have analyzed
novel mouse models with tissue-specific manipulation of f-catenin. B-catenin, the central trans-
ducer of canonical Wnt signaling, is a powerful regulator of gene transcription and a key determi-
nant of dermal fibroblast identity. Fibroblasts are the primary cellular effectors of pathological
fibrosis, in which excess extracellular matrix leads to sclerosis and organ dysfunction. First, we found
that B-catenin is active in an increased percentage of fibroblasts in fibrotic skin associated with sys-
temic sclerosis, localized scleroderma, keloids, and nephrogenic systemic fibrosis. Second, consti-
tutively active B-catenin in mouse dermal fibroblasts is sufficient to cause spontaneous, progressive
skin fibrosis with 2.7-fold increased collagen (p=0.004), thickened collagen fibrils, and increased
fibrillin. Third, expression of known pro-fibrotic effectors is strongly dependent upon p-catenin. In
the presence of p-catenin, expression of Tgfb1 is elevated 26.5-fold (p<0.001) and expression of
genes encoding members of integrin (adhesion) and matrix signaling networks and components of
the Wnt signaling pathway is increased >3.5-fold (p<0.002). Interestingly, expression of potent
transcriptional repressors of lineage selection and cell differentiation (Prdm1/Blimp1, Twist2, Runx1/3)
also strongly depends upon B-catenin activity (>7-fold increase, p<0.001). Our results support a
model in which B-catenin activity can robustly promote a fibrosis phenotype not only by positive
regulation of growth factors, adhesion proteins, and matrix proteins, but also by negative regula-
tion of other genes via interactions with transcriptional repressors. Elucidating expected and novel
effects of pro-fibrotic p-catenin activity is critical for understanding the pathogenesis of fibrosis and
identifying therapeutic targets for treatment of fibrotic skin diseases.
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Ethnic differences in dermal extracellular matrix

AK Langton,' MJ Sherratt,” CE Griffiths' and RE Watson' 7 Centre for Dermatology, Institute of
Inflammation and Repair, The University of Manchester, Manchester Academic Health
Science Centre, Manchester, United Kingdom and 2 Centre for Regenerative Medicine,
Institute of Inflammation and Repair, The University of Manchester, Manchester Academic
Health Science Centre, Manchester, United Kingdom

Although the majority of the world’s population is comprised of people with highly pigmented skin
(~85%; WHO, 2004) few studies have attempted to characterise skin composition according to
ethnic origin. The aim of the current study was to perform a robust and novel survey of epidermal
morphometrics and dermal extracellular matrix (ECM) composition in photoprotected human skin
from three ethnic groups. Biopsies were obtained from buttock skin of young, healthy volunteers (n
=7 per group): Caucasian (18-29 years), Far East Asian (19-30 years) and African (18-28 years). Mor-
phometric analysis identified increased epidermal thickness (P < 0.001), rete ridge height (P <
0.01) and rete ridge interdigitation (P < 0.05) in individuals of African descent compared to both
Caucasian and Far East Asian subjects. Variations in epidermal morphometrics were accompanied
by compositional differences in the dermal ECM as assessed by immunohistochemical methods.
Elastic fibre network components, that confer the ability to passively recoil, were differentially
deposited in African skin with significantly increased fibulin-5 (P < 0.001) and fibrillin-rich microfib-
rils (P < 0.001) and less elastin (P < 0.042) immunostaining than Caucasian and Far East Asian skin.
Furthermore, immunoreactivity for the fibrillar collagens type I and IlI, which resist tensile forces,
was also significantly increased in skin of African origin (P < 0.025 and P < 0.026, respectively).
This study demonstrates that skin from diverse ethnic origins exhibits fundamental differences in
both epidermal morphometrics and dermal ECM composition. As a consequence, further research
into non-Caucasian skin types is required to help inform future management of disease and ageing
in individuals from diverse ethnic groups.
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The spontaneous development of dermal fibrosis in mice with double heterozygous deficiency
of KIf5 and Fli1

S Noda, Y Asano, K Fujiu, | Manabe, R Nagai and S Sato The University of Tokyo, Tokyo, Japan
Systemic sclerosis (SSc) is a multisystem autoimmune vascular disease characterized by fibrosis of
skin and certain internal organs. Although its pathogenesis still remains unknown, the deficiency
of transcription factor Fli1 has been shown to be potentially involved in fibrotic process of SSc. Fli1
knockdown in normal fibroblasts recapitulates many features of those cells stimulated with TGF-p1
and SSc fibroblasts. However, Fli1+/- mice exhibit normal dermal tissue, suggesting that other fac-
tors are required to develop dermal fibrosis in SSc. We herein identified transcription factor KLF5
as a candidate inducing spontaneous dermal fibrosis in murine models acting together with Fli1. In
SSc fibroblasts, similar to Fli1, KLF5 expression was suppressed at the transcriptional level by an
epigenetic mechanism. In normal fibroblasts, KLF5 knockdown resulted in the increase of CTGF,
while Fli1 knockdown upregulated type | collage expression. Notably, double knockdown of KLF5
and FliT resulted in a robust increase of CTGF expression. Furthermore, KLF5 bound to the CTGF
promoter at -112 to -105 bp, which was closely located to the Fli1 binding site (-117 to -114 bp).
KLF5 directly interacted with Fli1, and these transcription factors synergistically repressed the CTGF
expression at the transcriptional level. Of note, mice with double heterozygous knockout of KIf5
and Fli1, but not single heterozygote mice, developed spontaneous dermal fibrosis. Consistent with
in vitro data, Col7a2 and Ctgf mRNA levels were markedly elevated (p<0.05) in the skin of these
mice. Given that both TGF-p and CTGF are required for persistent tissue fibrosis, fibroblast activa-
tion due to Fli1 deficiency, which mimics TGF-B-dependent activation, and CTGF upregulation
caused by a synergistic effect of KLF5 and Fli1 deficiency interact and eventually develop sponta-
neous dermal fibrosis in double heterozygote mice. Thus, we herein established a new murine model
of SSc and the present data provide us with a new clue to better understand the mechanism of tis-
sue fibrosis in SSc.
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Age-dep increase of c
last dysfunction in elderly skin

Y Li, W Xia, K Calderone, T Okubo, P Robichaud, D Lei, J) Voorhees and GJ Fisher Department
of Dermatology, University of Michigan, Ann Arbor, MI

Age-dependent skin fibroblast dysfunction, such as reduced production of type I procollagen, con-
tributes to thinning and fragility of skin in the elderly. Mechanisms underlying decline of fibroblast
function are not fully understood. Caveolae are endocytic plasma membrane invaginations that func-
tion in cell signaling and endocytosis. Caveolin-1 is the predominant protein found in caveolae.
We have investigated age-associated alterations of caveolae number, composition and function in
human dermal fibroblasts. Electron microscopy revealed that caveolae, visualized by immuno-
gold stained caveolin-1, are the predominant membrane pits in fibroblasts in human dermis. The
abundance of caveolae in fibroblasts in aged skin (80+ years old) was significantly increased 1.8-
fold (N=5, P<0.05), compared to young skin (21-30 years old). Caveolae-mediated endocytosis
was 1.5-fold (N=6, P<0.01) greater in fibroblasts in aged skin compared to young skin, as demon-
strated by quantitation of cholera toxin B-subunit internalization, a selective caveolae cargo, assessed
by flow cytometry and scanning confocal fluorescence microscopy. In addition, caveolin-1 protein
was increased 1.8-fold (N=9, P<0.05), measured by immunostaining, and 2.5-fold (N=6, P<0.05),
measured by Western blot, in fibroblasts in aged skin, compared to young skin. Primary adult human
skin fibroblasts have abundant caveolae (13+0.91 per fibroblast per microscopic field, N=30) and
actively internalize cholera toxin-B. Reduction of caveolin-1 level, using specific siRNA, enhanced
expression of type | collagen mRNA (2.2-fold, N=4, P<0.05) and protein (1.8-fold, N=3, P<0.05).
The above data indicate that caveolae and its endocytic activity are enhanced in fibroblasts in aged
human skin. Increased caveolae likely contributes to age-dependent fibroblast dysfunction, such as
reduced collagen production. Our study presents caveolae and caveolin-1 as potential therapeutic
targets for mitigating age-dependent decline of fibroblast functions.
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1 endocytosis contributes to fibrob-
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Comparative study of various growth factors and cytokines on type I collagen and hyaluro-
nan production in human dermal fibroblasts

H Song, S Lee and M Kim Bio Research Team, R&D Center, LG Household & Healthcare Ltd.,
Daejeon, Republic of Korea

Dermal fibrobast is a primary cell type responsible for synthesis and remodeling of extracellular
matrix in human skin. Type | collagen and hyaluronan are main components that have roles in skin
fibrosis, wound healing, tissue remodeling as well as skin aging. Several studies have reported
cytokine-dependent changes of collagen expression or hyaluronan production; however, the
cytokines’ effect was controversial in human dermal fibroblasts. In order to clarify the role of vari-
ous growth factors, cytokines or chemokines in dermal connective tissue, we assessed the effects
of 33 human recombinants on the production of interstitial type I collagen and hyaluronan from
dermal fibroblasts. PDGF-AA, PDGF-BB, EGF, TGF-p1, MCP-1, IP-10, IL-1a, IL-1B, and IL-15 were
effective on both type | collagen and hyaluronan production in human dermal fibroblasts, as com-
pared with no stimulated control. On the other hand, IL-10 and IFN-a caused a significant decrease
in type | collagen production, and IL-8 and GM-CSF caused a slight decrease in hyaluronan pro-
duction compared with no cytokine-treated control. PDGF-AA is the most potent stimulator of type
I collagen (2.5-fold increase) and hyaluronan production (9.0-fold increase) in this study. Interest-
ingly, some chemokines, such as MCP-1 (CCL2), RANTES (CCL5), eotaxin-2 (CCL24), IP-10 (CXCL10),
or fractalkine (CX3CL1) significantly induced the type I collagen or hyaluronan production. In this
regard, our results suggest the roles of various growth factors and cytokines on the regulation of two
main extracellular matrix components in human dermal skin which probably function as key fac-
tors in skin remodeling and skin aging.

$150 Journal of Investigative Dermatology (2013), Volume 133
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Anti-aging properties of the association of “Retinaldehyde, Pretocopheryl glucopyranosyl,
Glycylglycine oleamide”

P Bogdanowicz, M Haure, S Bessou-Touya and N Castex-Rizzi Dermo Cosmetic Department,
Pierre FABRE R&D Center, Toulouse, France

Skin is subject to an unpreventable intrinsic ageing process and influenced by exogenous factors.
Protein damage mediated by oxidation, protein adducts formation with advanced glycated end prod-
ucts and with products of lipid peroxidation, have been implicated during skin aging. The aim of
this study was to evaluate the properties of a combination of molecules on skin aging: Retinalde-
hyde (RAL, a retinoid), Pretocopheryl glucopyranosyl (Pretoco, an anti-oxydant) and Glycylglycine
oleamide (OGG, an inhibitor of glycation). We have showed on senescent fibroblasts (Hayflick
model), that RAL, Pretoco and OGG increased “trypsin-like” and “caspase-like” proteasomal activ-
ity up to +31%. Moreover, RAL increased type | collagen synthesis by +21%, and decreased MMP1
synthesis by -29%. Using Affymetrix micro-arrays, we have also showed that topical application of
RAL (1%) on human skin explants induced an increase of methionine sulfoxide reductases A (MSRA)
mRNA level (+131%), and an inhibition of MMP-1, -3 and -9. MSRA are enzymes that reverse the
effects of oxidative damage by reducing methionine sulfoxide and recovering protein function. Fur-
thermore, we have also showed that Pretoco is a strong inhibitor of H202-induced lipid peroxyda-
tion on fibroblasts. Finally, we have evaluated the anti-glycation properties of OGG on human skin
explants. We have showed that OGG is able to prevent the inhibitory effect of methyl glyoxal (a
strong glycation inducer) on fibrillin-1 expression. In conclusion, our results demonstrated the anti-
aging properties of an association of Retinaldehyde, Pretocopheryl glucopyranosyl and Glycylglycine
oleamide. Indeed, RAL is able to increase proteasomal activity and MSRA that reverse the effects
of oxidative damage. RAL is also able to increase type | collagen and decrease MMP1 synthesis.
OGG is a powerfull inhibitor of glycation and Pretoco is a strong anti-oxydant. By acting on dif-
ferent mechanisms involved in skin aging, these molecules could be able to reduce extrinsic aging
on skin.
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Orail-dependant Ca2+ signals control epidermal proliferation

B_Darbellay,'? L Barnes,” | Saurat”' and G Kaya®' 1 University of Medicine, Geneva,
Switzerland and 2 University Hospital, Geneva, Switzerland

Cytosolic Ca2+ signals are performed by Ca2+ releases from the endoplasmic reticulum and Ca2+
influx from the extracellular medium. Releases rely on the refilling of the intracellular Ca2+ stores
by the Ca2+ influx “Store Operated Ca2+ Entry” (SOCE) via the Ca2+ channel Orail. Here, we show
that SOCE controls epidermal proliferation. We first find that SOCE amplitude and epidermal pro-
liferation are dramatically decreased in human atrophic skin. Second we show that SOCE inhibi-
tion, with BTP2 or in vivo silencing of Orail, decreased epidermal thickness and proliferation in
mice. Furthermore, the pro-proliferative effect of heparin-binding epidermal growth factor relies on
Ca2+ signals promoted by SOCE in keratinocytes. Importantly, keratinocytes proliferation correlated
linearly with SOCE amplitude in vitro and Orail expression in vivo. Finally, we show that the top-
ical application of the SOCE activators (cyclopyazonic acid and benzohydroquinone) induced epi-
dermal hyperplasia and revert steroid-induced skin atrophy in mice.
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Di bly of d »mes by an E-cadherin function-blocking antibody

N Li, M Park, Z Liu and LA Diaz Dermotology, University of North Carolina, Chapel Hill, NC

Desmosomes and adherens junctions are two types of intercellular junctions that mediate ker-
atinocyte cell cohesion. Previous studies have shown that desmosome assembly requires classical
cadherin-mediated adhesion. While blockage or ablation of E-cadherin delays the assembly of
desmosomes, blockage or ablation of both E- and P-cadherin prevents desmosome formation. In
this study we investigate whether classical cadherin is required for maintenance of desmosome sta-
bility. Human keratinocytes were cultured in low calcium medium to confluence and then switched
to high calcium medium to induce the assembly of intercellular junctions. Following 16-18 hours
calcium switch, cells were treated overnight with a commercially available E-cadherin neutralizing
monoclonal antibody. Immunofluorescence staining of treated cells reveals loss of cell border local-
ization of components of the adherens junctions as well as the desmosomes. Phalloidin staining
shows disruption and aggregation of the actin cytoskeletal network. Western blot analysis reveals
cleavages of E-cadherin and a reduced level of desmosomal cadherins. Interestingly, stabilization
of the actin cytoskeleton by jasplakinolide is able to block the effect of the E-cadherin antibody on
desmosome stability. We also evaluated the effect of the E-cadherin antibody on desmosome assem-
bly by adding the antibody to cultured cells at the time of calcium switch. The results show that the
E-cadherin antibody is more effective in disrupting the already formed desmosomes than impairing
de novo formation of the desmosomes. Taken together, these data suggest that classical cadherin is
not only required for desmosome formation, but also for desmosome maintenance. The mecha-
nism of desmosome disassembly by the E-cadherin blocking antibody is likely through perturbing
the integrity of the actin cytoskeleton.
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Surface plasmon resonance biosensor detects the altered patterns of signals in the fibrobl.

885

expressing oncogenic H-Ras

T Hiragun,” T Yanase,' T Kawaguchi,' M Hiragun,' Y Yanase' and M Hide' 7 Department of
Dermatology, Integrated Health Sciences, Institute of Biomedical and Health Sciences,
Hiroshima University, Hiroshima, Japan and 2 Natural Science Center for Basic Research and
Development, Hiroshima University, Hiroshima, Japan

Surface plasmon resonance (SPR) biosensor detects intracellular signaling events as a change of the
angle of resonance (AR). We previously reported that the activation of epidermal growth factor recep-
tor (EGFR) on keratinocytes causes a unique triphasic change of AR. We also reported that the acti-
vation of EGFR of non-tumorigenic cells (e.g. HaCaT cells) showed a full triphasic change of AR,
whereas five out of the six carcinoma cell lines showed mono- or biphasic changes of AR, indicat-
ing that SPR biosensor could be applied to the functional diagnosis of cancers. In this study, we
hypothesized that SPR biosensor could distinguish between non-tumorigenic cells and tumori-
genic cells by the pattern of AR change. To test this hypothesis, we genetically introduced onco-
genic human H-Ras (H-Ras-G12V) into the non-tumorigenic fibroblasts (MEF/3T3 tet-off fibroblasts)
and studied the effect of the oncogenic transformation on the pattern of SPR signals induced by EGF.
The overexpression of wild type human H-Ras (H-Ras-WT) and H-Ras-G12V both induced the sim-
ilar morphological transformation of cells. SPR analysis revealed that the mock-transfected fibrob-
lasts showed a full triphasic change of AR in response to EGF stimulation. In contrast, H-Ras-G12V-
transformed fibroblasts showed a monophasic change of AR, whereas H-Ras-WT-transformed
fibroblasts showed a bi-/triphasic change of AR. Moreover, Western blot analysis revealed that H-
Ras-G12V transformed fibroblasts showed altered pattern of activation of Erk and Akt in response
to EGF when compared with the mock-transfected fibroblasts. These results indicated that the altered
pattern of AR change observed in tumorigenic, transformed cell lines could be due to the alteration
of signaling pathways mediated by oncogenes.
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Upregulation of periostin by histamine via ERK1/2 path
collagen production in dermal fibroblasts

L Yang, H Murota, S Matsui, M Terao and | Katayama Department of Dermatology, Graduate
School of Medicine, Osaka University, Osaka, Japan

Backgroud: We previously demonstrated that histamine may play a critical role in the synthesis of
extracellular matrix in skin. However, the mechanism in it is still unclear. Periostin, a novel matri-
cellular protein, has been reported to be involved in tissue repair and remodeling. Here, we inves-
tigated whether periostin was involved in histamine-induced collagen production. Methods: Der-
mal fibroblasts derived from wild-type (WT) or periostin-knockout (PN-/-) mice were cultured and
stimulated with histamine for 12 and 48 h. Histamine-induced gene production was evaluated by
real-time quantitative PCR, western blotting analysis and ELISA assay. H1, H2, H4 receptor antag-
onists and H1 receptor knockout mice (H1R-/-) mice were employed to identify the type of hista-
mine receptor. To investigate the key signal transducer for transactivating periostin gene in down-
stream of H1 receptor, phospho-kinase assay was performed. Results: Histamine up-regulated
collagen gene expression in WT fibroblasts at the late phase (48 hrs), but not at the early phase (12
hrs). In contrast, histamine did not affect collagen expression in PN-/- fibroblasts. Subsequent real-
time PCR analysis, western blot analysis, and kinase array revealed that histamine increased expres-
sion of periostin via activating extracellular signal-regulated kinase (ERK) 1/2 through H1 receptor
mediated pathway. Periostin induction was also inhibited by either H1 antagonist or ERK1/2 inhibitor
in vitro, and also attenuated in H1R-/- mice. Conclusion: These findings revealed that histamine
mediates periostin induction and collagen production through H1 receptor-mediated ERK1/2 acti-
vation pathway. Histamine might be a therapeutic target for refractory allergic diseases accompa-
nied by tissue remodeling.
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The dynein light chain Tctex-1 is a novel interacting protein of desmoglein 1 that regulates
epidermal morphogenesis

OE Nekrasova,' RM Harmon,' S Lin,* S Getsios® and K) Green'? 1 Department of Pathology,
Northwestern University Feinberg School of Medicine, Chicago, IL and 2 Department of
Dermatology, Northwestern University Feinberg School of Medicine, Chicago, IL
Desmoglein-1 (Dsg1) is a desmosomal cadherin that is first expressed as keratinocytes transit out of
the basal layer and becomes concentrated in the upper cell layers of the epidermis. Dsg1 is not
only required for epidermal integrity, but also coordinates EGFR/MAPK signaling events to promote
differentiation, and supports cellular shape changes during stratification. However, how Dsg1 reg-
ulates epidermal morphology is not yet understood. Using a modified yeast two-hybrid screen, we
identified the dynein light chain, Tctex-1, as a novel binding partner of Dsg1 that interacts with the
last 140 amino acids of the cytoplasmic desmoglein unique region. The interaction was confirmed
by co-immunoprecipitation of endogenous Tctex-1 with Dsg1-Flag and Dsg1-GST. Dsg1-Tctex-1
association was also observed in the apical cell layers of human foreskin using a proximity ligation
assay. Tctex-1 was originally characterized as a cargo adaptor for dynein motor transport, but
recent data suggest its additional role in coupling microtubule and actin dynamics. Hence, we
hypothesized that Dsg1-Tctex-1 interactions can orchestrate cytoskeleton organization events in
keratinocytes during epidermal stratification. Supporting this idea, knockdown of Tctex-1 or Dsg1
led to reorganization of the actin cytoskeleton and alterations of cell shape in both submerged and
3-dimensional organotypic epidermis cultures (rafts). Additionally, silencing Tctex-1 or overex-
pression of a Dsg1 mutant lacking the domains involved in Tctex-interaction induced defective tis-
sue architecture, including the appearance of basal-like rounded cells in the superficial granular
layers of the rafts. Interestingly, knockdown of Tctex-1 did not affect the expression of early differ-
entiation markers, thus raising the possibility that Dsg1-Tctex-1 binding may govern a distinct mor-
phogenesis pathway independent of Dsg1-mediated differentiation.

Essential role of collagen XVIlin b t k formation and keratinocyte migration
M Nishimura,' W Nishie," Y Shirafuji,” S Shinkuma," K Natsuga,' H Nakamura,' D Sawamura,’
K Iwatsuki® and H Shimizu' 1 Department of Dermatology, Hokkaido University Graduate
School of Medicine, Sapporo, Japan, 2 Department of Dermatology, Okayama University
Graduate School of Medicine, Dentistry, and Pharmaceutical Sciences, Okayama, Japan and
3 Department of Dermatology, Hirosaki University Graduate School Of Medicine, Hirosaki,
Japan

Collagen XVII (COL17) is a hemidesmosomal component in basal keratinocytes (KCs). The main
role of COL17 is to maintain stable adhesion between the epidermis and dermis, and genetic dys-
function of COL17 results in the blistering disease junctional epidermolysis bullosa (JEB). Interest-
ingly, JEB patients with homozygous ¢.3908 G>A (p.R1303Q) mutations in COL17A1 show dis-
tinct clinical and histological features, including photosensitivity, poikiloderma and basement
membrane duplication, all of which are characteristic findings of Kindler syndrome, a subtype of
EB associated with focal contact dysfunction. These findings suggest that COL17 plays unknown but
pivotal roles; however, the pathomechanisms remain unknown. To address this, we isolated and
investigated primary KCs with the R1303Q mutation. The R1303Q KCs showed normal adhesion
and expression of focal contact was not solely affected, but their motility was significantly reduced.
Notably, the R1303Q KCs show numerous cell-membrane-bound migration tracks containing COL17.
In addition, deposition of laminin 332 in the extracellular matrix (ECM) was increased. These find-
ings indicate that dissociation of the cell membrane from the ECM was hampered. In light of this,
we assessed the presence of COL17 in migration tracks. Transfection of GFP-conjugated COL17 into
COL17-null KCs revealed COL17 to be expressed not only in hemidesmosomes but also in migra-
tion tracks. Finally, we found C-terminal cleavage of the mutant COL17 to be resistant in the migrat-
ing KCs, which may explain why the mutant KCs show reduced motility and disorganized base-
ment membrane. In summary, this study suggests that cleavage of COL17 is essential for correct
migration and organization of basement membrane in basal keratinocytes.

887

An in vitro method for identifying agents with lipofilling-like activity: Parallel assessment of
lipid accumulation, toxicity and gene expression

DG Kern,' HE Knaggs,] R Gopaul,' DJ Bevis,* RE Kilkuskie,* EA Lehigh,2 A) Langerveld2 and
WP Pfund® 1 Center for Anti-Aging Research, Nu Skin Enterprises, Inc., Provo, UT, 2
Genemarkers, LLC, Kalamazoo, M, 3 Reach LifeScience Consulting, LLC, Portage, MI and 4
Michigan High Throughput Screening Center, Kalamazoo, MI

An in vitro assay was developed to facilitate the identification and characterization of agents demon-
strating lipofilling-like activity. The method involves exposing replicate cultures of primary human
pre-adipocytes to various concentrations of test agents during cell differentiation. The cultures are
then divided into groups for analysis of lipid accumulation using AdipoRed, cell viability using Cell
Titer Blue, and collection of RNA for gene expression analysis. Agents for which enhanced lipid
accumulation is observed relative to vehicle controls without adverse effects on cell viability are
flagged for gene expression analysis to characterize the metabolic pathways affected. The effect of
three materials purported to enhance lipid accumulation in adipocytes was evaluated and com-
pared to a positive control represented by a PPAR-gamma agonist. Two of the test agents were
found to promote lipid accumulation in differentiating pre-adipocytes as evidenced by AdipoRed
signals that were approximately 3.5x and 8x of the corresponding vehicle controls, respectively,
with no obvious toxicity. In contrast, the third agent failed to enhance lipid accumulation relative
to the corresponding vehicle control. Data obtained from a subsequent test of the method involv-
ing the same 3 agents along with 12 additional test agents revealed significant inter-assay variabil-
ity that is likely related to the use of different batches of primary human pre-adipocytes in each assay
run. Despite the need for further assay optimization, the method described here represents an impor-
tant first step towards developing a reliable in vitro method for identifying and characterizing com-
pounds with lipofilling-like activity for further study.

889

Low-coherent quantitative phase microscope reveals a novel therapeutic target of H1 anti-
histamines

S Hirakawa," T Yamauchi,” Y Yamashita® and Y Tokura' 7 Dermatology, Hamamatsu University
School of Medicine, Hamamatsu, Japan and 2 Hamamatsu Photonics K.K., Hamamatsu,
Japan

Vascular hyperpermeability plays a crucial role in promoting common skin diseases such as urticaria.
However, it remains unclear how endothelial cell adhesion is altered during the development of
disease. To address the exact mechanism, we investigated the biological change of endothelial cell
adhesion using a novel low-coherent quantitative phase microscope that measures the three-dimen-
sional kinetics of cell surface on a nanometer scale. Cultured dermal human microvascular endothe-
lial cells (EC) were initially stimulated with histamine and subjected to the microscopic analysis up
to thirty minutes. This real-time quantitative assessment revealed that EC increase their height by
two differential time points. The first peak was found at very beginning with a marked change of
cell body, corresponding to the remodeling of cytoskeleton without impairment of cell adhesion.
Thereafter, the second peak of increase in cell height happened with the loss of EC cell adhesion
in response to histamine. Therefore, we next investigated the biochemical cleavage of VE-cadherin,
a key cell adhesion molecule that is specifically expressed by cultured EC. Western blot analysis
from cell lysates and conditioned media revealed that VE-cadherin undergoes ectodomain shed-
ding in response to histamine, leading to the disruption of EC junctions and the induction of vas-
cular hyperpermeability. Furthermore, siRNA technique showed that ADAM10 or ADAM17 con-
tributes to the ectodomain shedding of VE-cadherin in response to histamine. Importantly, H1
antihistamines such as levocetirizine efficiently inhibited the ectodomain shedding of VE-cadherin
and maintained the cell adhesion even in the presence of histamine. These results indicate, for the
first time, that the biochemical cleavage of VE-cadherin plays an essential role in the pathogenesis
of urticaria, and that the impairment of endothelial cell adhesion may be a new therapeutic target
for the prevention of disease that is associated with vascular hyperpermeability.
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Cyclic epithelial fibroblast growth factor 18 signaling regulates telogen phase of hair cycle
Y Oda, M Kimura-Ueki, ] Oki, A Komi-Kuramochi, M Asada, M Suzuki and T Imamura Signaling
Molecules Research Group, Biomedical Research Institute, National Institute of Advanced
Industrial Science and Technology (AIST), Tsukuba, Japan

Cyclic growth of hair follicles through growth (anagen), regression (catagen), and resting (telogen)
phases is closely correlated with stem cell activation and quiescence. Although the signaling mol-
ecules involved in the anagen and anagen-catagen transition have been extensively studied, the
signaling that controls telogen has not been fully understood. We show that fibroblast growth fac-
tor (Fgf)-18 is expressed in a hair stem cell niche throughout telogen, and that it regulates the hair
cycle through the nongrowth phases. When Fgf18 gene is conditionally knocked out in keratin 5-
positive epithelial cells in mice, telogen becomes very short, giving rise to a strikingly rapid suc-
cession of hair cycles. In wild-type mice, hair follicle growth during anagen is strongly suppressed
by local delivery of FGF18 protein. Formation of hair follicle-like structures in vitro is also suppressed
by FGF18. Our results demonstrate that epithelial FGF18 signaling and its reduction in the milieu
of hair stem cells are crucial for the maintenance of resting and growth phase, respectively.

892

The impaired response of dermal fibroblasts to anti-fibrotic effect of adiponectin may con-
tribute to the development of skin sclerosis in patients with systemic sclerosis

Y Masui,' Y Asano," S Shibata," T Kadono,' T Yamauchi,?> N Kubota,® T Kadowaki? and S Sato' 7
Department of Dermatology, The University of Tokyo Graduate School of Medicine, Tokyo,
Japan and 2 Department of Metabolic Disease, The University of Tokyo Graduate School of
Medicine, Tokyo, Japan

Systemic sclerosis (SSc) is a multisystem autoimmune disease characterized by initial vascular injuries
and resultant fibrosis of skin and certain internal organs. Although the pathogenesis of SSc still
remains unknown, adipocytokines, including adiponectin, have been potentially implicated in the
developmental process of fibrosis, vasculopathy, and/or aberrant immune responses in this disease.
Importantly, serum adiponectin levels and adiponectin mRNA levels in the lesional skin are markedly
decreased in the early stage of diffuse cutaneous SSc, suggesting the possible contribution of
adiponectin to the fibrotic process of this disease subtype. We herein investigated the role of
adiponectin in dermal fibrotic process of SSc using skin samples from SSc and healthy control sub-
jects and Adipo” mice applied with bleomycin-induced dermal fibrosis model. In normal fibrob-
lasts, adiponectin suppressed the TGF-p1-induced expression of COLTA2 mRNA in a dose-depend-
ent manner, while failed to affect the basal COLTA2 mRNA levels in SSc fibroblasts. Of note,
mRNA levels of AdipoRI and AdipoRII genes were significantly lower in SSc fibroblasts than in nor-
mal fibroblasts (p<0.01, respectively). In a series of studies using animal models, bleomycin-induced
thickening of dorsal skin was 1.5 times thicker in Adipo™ mice than in wild type mice (p<0.01). In
addition, the ColTal and Col1a2 mRNA levels and the number of myofibroblasts in lesional skin
were significantly increased in Adipo™ mice compared with wild type mice. Taken together, these
results suggest that anti-fibrotic effect of adiponectin regulates the fibrotic process in vivo and the
impaired response to adiponectin of SSc fibroblasts due to the decreased expression of its recep-
tors potentially contributes to the development of skin sclerosis in this disease.

894

Notch signaling attenuates epidermal growth factor receptor activation by induction of recep-
tor protein tyrosine phosphatase-kappa in primary human keratinocytes

Y Xu, S Xue, J Zhou, J) Voorhees and GJ Fisher Department of Dermatology, University of
Michigan, Ann Arbor, MI

Receptor protein tyrosine phosphatase-kappa (RPTP-k) specifically and directly dephosphorylates
epidermal growth factor receptor (EGFR), thereby down-regulating EGFR signaling and function.
Expression of RPTP-k in primary human keratinocytes (KC) is increased by KC-KC contact. Notch
is a cell surface receptor that is activated by binding of ligand that is displayed on the surface of
adjacent cells. Once activated, Notch is proteolytically processed by y-secretase and translocates
to the nucleus, where it regulates transcription of target genes. We hypothesized that Notch path-
way mediates KC contact-induced RPTP-k expression and consequent suppression of EGFR func-
tion. KC contact up-regulated both Notch target gene Hes-1 (3-fold, n=6, p<0.05) and RPTP-k (3.5-
fold, n=3, p<0.05). Suppression of canonical Notch signaling pathway by y-secretase inhibitors
substantially inhibited cell contact-dependent increase of Hes-1 mRNA (80%, n=3, p<0.05) and
RPTP-k (90%, n=3, p<0.05) expression. Furthermore, treatment of primary human KC with Notch
ligand Jagged-1 peptide induced Hes-1 (2-fold, n=3, p<0.05) and RPTP-k (5-fold, n=3, p<0.05)
mRNA. Transforming growth factor-p (TGF-p) pathway induces RPTP-k in KC and cross-talks with
Notch signaling pathway via physical interaction between Notch intracellular domain and Smad3.
Suppression of Notch signaling by either lenti-viral sS\SRNA-mediated knockdown of Notch1 or by
y-secretase inhibitors significantly reduced TGF-B-induced RPTP-k mRNA expression. In contrast,
induction of RPTP-k mRNA by TGF-f in primary human KC was further enhanced by Jagged-1 pep-
tide. The above data provide a mechanism for inhibition of EGFR signaling by KC contact. Notch
can function as either an oncogene or a tumor suppressor depending on the cellular context. In KC,
Notch may act as a tumor suppressor, via up-regulation of RPTP-k to inhibit EGFR activity.
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Topical delivery of stem cell derived growth factors by microneedle fractional radiofrequency
activates fibroblasts in aged human skin in vivo

H Lee and S Lee Department of dermatology, CHA Bundang Medlical center, CHA University,
Gyunggido, Republic of Korea

The use of growth factors in skin rejuvenation is emerging as a novel anti-aging treatment. How-
ever, there have been no report whether stem cell derived growth factors could reverse cellular
senescence of fibroblasts, which have vital roles for maintaining dermal extracellular matrix. In
previous study, we demonstrated that microneed|e fractional radiofrequency (RF) enhanced the top-
ical delivery of growth factors with high molecular weight. Here, we report that age-related alter-
ations of fibroblasts are reversed by topical delivery of stem cell derived growth factors by frac-
tional RF. In this study, 10 healthy volunteers (70-80 years old) were included for split-face comparative
study. One side of each subject’s face was treated with fractional RF alone, and the other side was
treated with fractional RF and stem cell derived growth factors. Punch biopsies (4mm) were obtained
at baseline and after 4 weeks. We performed immunostaining for type 1 procollagen, HSP 47 and
Ki67. We also performed fibroblast cultures and detected SA-B-gal activity, aSMA, TGF-B expres-
sion and functional capacities. As a result, fractional RF and stem cell derived growth factors sig-
nificantly increased the expression of type 1 procollagen, HSP 47 and Ki67.(p<0.05) Fibroblast cul-
tures 4 weeks after treatment showed decreased percentages of SA-B-gal activity positive cells than
fibroblast cultures at baseline. (p<0.05) Fibroblast cultures 4 weeks after treatment also showed
higher expression of TGF-§ and higher myofibroblast differentiation under TGF-p activation than
fibroblast cultures at baseline. In conclusion, topical delivery of stem cell derived growth factors by
fractional RF restored age-related changes of fibroblasts. Thus, this treatment can effectively applied
to improve skin aging or wound healing.

893

Role of endothelin-1/endothelin receptor signaling in fibrosis and calcification in nephro-
genic systemic fibrosis

S Motegi, E Okada, A Uchiyama, K Yamada, A Uehara, S Ogino, Y Takeuchi and O Ishikawa
Department of Dermatology, Gunma University Graduate School of Medicine, Maebashi,
Japan

Nephrogenic systemic fibrosis (NSF) is an acquired disorder characterized by systemic fibrosis and
abnormal calcification in patients with severe renal dysfunction. Growing evidence supports the
hypothesis that gadolinium (Gd)-containing contrast agents used for magnetic resonance imaging
trigger the development of NSF. However, the causative role of Gd and the mechanism of Gd-induced
fibrosis and calcification in NSF are unknown. Recently, it has been known that endothelin-1 (ET-
1)/ET receptor (ETR) signaling regulates fibrosis and calcification, therefore, we hypothesized that
ET-1/ETR signaling plays a role in Gd-induced fibrosis and calcification in NSF. First, we demon-
strated that Gd enhanced proliferation and osteogenic differentiation of human adipose tissue derived
mesenchymal stem cells (hMSCs) in vitro. Next, we examined the expression of ET-1 and ETR-A in
hMSCs using proliferation or calcification assay. ET-1 and ETR-A expression in hMSCs treated with
Gd were elevated. To examine the role of ET-1/ETR signaling in Gd-induced proliferation and cal-
cification of hMSCs, we assessed the effect of ET-1/ETR signaling inhibitor, bosentan, on the prolif-
eration or osteogenic differentiation of hMSCs. Bosentan inhibited Gd-induced proliferation and
osteogenic differentiation of hMSCs. In addition, bosentan inhibited Gd-induced phosphorylation
of ERK and Akt in hMSCs. Finally, we examined plasma ET-1 level in the patient of NSF treated in
our department. Plasma ET-1 level of the patient was significantly higher than that of normal and
systemic sclerosis patients. In immunofluorescence staining, the expression of ETR-A in dermal fibro-
sis and calcification lesions in NSF was increased. We conclude that Gd induces proliferation and
osteogenic differentiation of hMSCs via enhancement of ET-1/ETR signaling. Our results contribute
to understand the pathogenesis of NSF, and suggest that bosentan can be a choice of treatments on
fibrosis and abnormal calcification in NSF.
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The cell-cell adhesion protein D glein 1 and the histone deacetylase inhibitor Trichostatin
A aid in recovery of epidermal differentiation after ultraviolet light exposure

L Johnson,"? JL Koetsier' and KJ Green'” 1 Pathology, Northwestern University, Chicago, IL and
2 Dermatology, Northwestern University, Chicago, IL

One function of the epidermis is to protect against damaging environmental agents such as ultra-
violet (UV) light. While myriad studies have examined DNA damage/repair in UV-exposed ker-
atinocytes, almost nothing is known about the molecular mechanisms governing repair of the UV-
damaged epidermal structure. This study aimed to understand the impact of different UV dosages
and wavelengths on epidermal differentiation and to uncover novel molecular mechanisms gov-
erning structural repair of UV-damaged skin. UVB (290-320 nm wavelengths) exposure reduced
the expression of differentiation-associated proteins Desmoglein 1 (Dsg1), Desmocollin 1 (Dsc1),
and Keratins T and 10 (K1/10) in a dose-dependent manner in normal human epidermal keratinocytes
(NHEKs) while UVA (320-400 nm wavelengths) exposure did not. The impacts of UVB exposure on
expression of these proteins were more pronounced when cells were UV-exposed prior to, rather
than after, induction of differentiation by increasing calcium concentration. Since the desmosomal
cadherin protein Dsg1 was shown to help regulate epidermal differentiation in addition to its role
in cell-cell adhesion, it was hypothesized that Dsg1 may help restore differentiation and proper
epidermal architecture after UV damage. Compared to controls, knocking down Dsg1 via shRNA
resulted in abnormal epidermal architecture days after organotypic skin models were UVB-exposed
and a further reduction of Dsc1, K1, and K10 expression in either UVA- or UVB-exposed NHEKs.
Induction of differentiation was delayed in both UVB-exposed NHEKs and in NHEKs depleted of
Dsg1. Over-expression of Dsg1 or treatment of cells with Trichostatin A, a drug shown to increase
cadherin expression, resulted in rapid recovery of Dsg1, Dsc1, K1, and K10 expression in UV-
exposed NHEKS. This work has clinical implications for reversing photoaging, for skin cancer pre-
vention, and for improving phototherapy for diseases such as psoriasis and eczema.
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Down-regulation of type I collagen expression in silibinin-treated human skin fibroblasts
through blocking smad2/3-dependent signaling pathway: Its potential therapeutic use in the
chemoprevention of keloid

Cho, H Ryu and K Lee Dermatology, Keimyung university, School of Medicine, Daegu,
Republic of Korea
Inhibition of the Smad2/3 pathway is the key step involved in the down-regulation of type I colla-
gen synthesis, eventually preventing keloid formation in the tissue. In this study, we investigated the
effect of silibinin on the proliferation, expressions of type | collagen, matrix metalloproteinase-1,
and Smad2/3 of human skin fibroblasts (HSF) and keloid fibroblasts. Our data showed that the pro-
liferation rates of fibroblasts were not markedly decreased in a dose and time-dependent manner
of silibinin. Even though silibinin did not exert any cytotoxic effect on HSF and keloid fibroblasts,
the expression of type | collagen was markedly decreased in a dose and time dependent manner in
silibinin-treated HSF and keloid fibroblasts. Consistent with this finding, decreased promoter activ-
ity of type I collagen was observed in HSF and keloid fibroblasts by silibinin treatment. MMP-1 and
MMP-2 expression levels were increased in silibinin-treated both cells. Moreover, silibinin-induced
down-regulation of type | collagen was associated with the inhibition of Smad2/3 activation in
TGF-betaT-treated HSF. We further demonstrated that silibinin attenuated the translocation of Smad2/3
into the nucleus in TGF-betal-treated HSF or keloid fibroblasts. Taken together, our data indicated
that silibinin has the potential to protect the fibrotic change of skin through inducing the down-reg-
ulation of type | collagen expression, which is partly mediated by inhibition of the smad2/3-depend-
ent signaling pathway in fibroblast cells.

898

Functional role for HSP27 in pemphigus acantholysis

P Berkowitz' and D Rubenstein'** 1 Dermatology, University of North Carolina-Chapel Hill,
Chapel Hill, NC, 2 Pharmacology, University of North Carolina-Chapel Hill, Chapel Hill, NC
and 3 Lineberger Comprehensive Cancer Center, University of North Carolina-Chapel Hill,
Chapel Hill, NC

We first identified a role for p38 in the mechanism by which acantholysis proceeds in the human
autoimmune blistering disease pemphigus vulgaris. In this initial biochemical screen for alterations
in intracellular protein phosphorylation stimulated by incubation of cultured keratinocytes with puri-
fied PV IgG, we observed increased phosphorylation of the small heat shock protein HSP27. P38
phosphorylates MK2 which in turn phosphorylates HSP27. Subsequent studies in vitro and in vivo
demonstrated that p38 inhibition blocked HSP27 phosphorylation, dsg3 endocytosis, actin reor-
ganization, keratin retraction and blistering. Although these studies demonstrated a clear func-
tional role for p38 in the mechanism of acantholysis, we have yet to demonstrate a role for the down-
stream component HSP27. This study was undertaken to explore the role of PV IgG mediated HSP27
phosphorylation in the mechanism of acantholysis. Cultured normal human keratinocytes were
incubated with PV IgG in the presence and absence of MK2 inhibitor Il and assayed for HSP27
phosphorylation, dsg3 endocytosis, and loss of adhesion. MK2 inhibitor Il blocked PV IgG medi-
ated (i) HSP27, but not p38, phosphorylation, (ii) dsg3 depletion, and (iii) loss of adhesion as meas-
ured by the dispase assay. These observations suggest a functional role for HSP27 phosphorylation
in the mechanism by which acantholysis proceeds in pemphigus vulgaris.

900

The effects of UVB radiation on elastic fiber components in mice

H Iwasaka,' F Yamazaki,' T Inoue,> W Inoue,' T Nakamura® and H Okamoto' 1 Department of
Dermatology, Kansai Medical University, Moriguchi, Japan and 2 Department of
Pharmacology, Kansai Medical University, Moriguchi, Japan

Ultraviolet radiation induces profound changes in the architecture of the elastic fibers in the der-
mis. Elastic fibers comprises two distinct components: an amorphous core of cross-linked tropoe-
lastin surrounded by a peripheral mantle of microfibrils which are mainly composed of fibrillin-1
and -2. In the past 10 years, it has been proved that fibulin-5 and latent TGF-p binding proteins
(LTBP) 4 play an important role in the formation of elastic fibers. However, the influence of ultra-
violet radiation on the molecule is not well understood, despite its important contributions to elas-
togenesis. Therefore, we examined the effects of ultraviolet B (UVB) irradiation on elastic fibers and
elastic fiber components in mice. Female HR-1 hairless mice (8 weeks of age) were exposed to
UVB radiation three times a week, with a total amount of UVB of 3 J/cm?. Normal elastic fibers in
the dermis decreased, and the fiber-shaped structures disappeared and fused together. Immunoflu-
orecent staining revealed that the immunoreactivities for elastin and LTBP-4 were reduced in the
dermis. RT-PCR showed decreased expression of elastin (RT-PCR: 0.381 fold P=0.005) and LTBP-
4 (RT-PCR:0.355 fold P=0.005), increased expression of fibulin-5 (RT-PCR: 1.26 fold P=0.05), and
no change in fibrillin-1 expression after UVB radiation. These results suggest that LTBP-4 contributes
to the reduced generation of elastic fibers by UVB radiation.
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NFAT and NFkB activation and keratinocyte migration post-wounding is dependent on extra-
cellular calcium concentration and SOCE

L Mottram,' M Begg’ and NJ Reynolds' 1 Institute of Cellular Medicine, Newcastle University,
Newcastle-Upon-Tyne, United Kingdom and 2 Respiratory Therapy Area Unit,
GlaxoSmithKline, Stevenage, United Kingdom

Cutaneous wound healing is a major clinical problem resulting in significant burden to patients’
quality of life and health care resources. Injury to skin requires immediate repair to avoid chronic
perturbation of the external barrier, infection and hypertrophic scarring. Intracellular calcium ([Ca2+],)
signalling and activation of transcription factors NFAT/NFkB have been shown to regulate cell pro-
liferation and differentiation. However, the role of these transcription factors in regulating keratinocyte
migration and wound healing remains unclear. To address this, dual-luciferase reporter assays were
used to investigate NFAT/NFkB activation 24 h post-scratch wounding and keratinocyte migration
was assessed following 2D scratch wounding by live-cell imaging every hour for 48 h using a Bio-
station. When the endoplasmic reticulum calcium store is depleted, calcium influx across the plasma
membrane is activated resulting in a process known as store-operated calcium entry (SOCE). To
examine the potential role of SOCE in wound closure, keratinocytes were treated with the SOCE
inhibitor GSK-7975A. Wounding in 1.2mM [Ca2+], resulted in significant increased NFAT and NFkB
activation compared to 0.06mM [Ca2+], (p<0.001), suggesting higher calcium external environ-
ment is necessary for activation of NFAT/NF«B transcription factors. Cell migration analysis demon-
strated wound closure rate was also dependent on [Ca2+],. Thus, scratch-wounds made in 1.2mM
[Ca2+], closed significantly faster than those in 0.06mM [Ca2+]. At 24 h post-wounding in 1.2mM
[Ca2+], the wound area had decreased by 75.7% compared to 32.8% when wounding in 0.06mM
[Ca2+], (p<0.001). Inhibiting SOCE had no effect on the rate of wound closure but the co-ordi-
nated pattern of wound closure was disrupted by SOCE inhibition. These data highlight the impor-
tant role of calcium signalling in regulating NFAT/NFkB activation post-wounding and in promot-
ing keratinocyte migration resulting in co-ordinated wound closure.
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The N terminal domain of BPAG1e and the regulation of keratinocyte migration

SB Hopkinson," KJ Hamill"? and JC Jones'? 7 Cell and Molecular Biology, Feinberg School of
Medicine at Northwestern University, Chicago, IL and 2 Dermatology, Feinberg School of
Medicine at Northwestern University, Chicago, IL

In stationary keratinocytes the plakin molecule BPAG1e (BP230) is a component of the cytoplas-
mic plaque of the hemidesmosome. BPAG1e binds the cytoplasmic tails of f4 integrin and BPAG2
and tethers keratin bundles to the cell surface. In contrast, in motile cells, BPAG1e localizes to the
base of the leading lamellipodium. There it functions as an important mediator of signal transduc-
tion. It supports the activation of the small GTPase Rac and the actin severing protein cofilin which
both regulate processive migration via their effects on lamellipodial dynamics. Indeed, keratinocytes
exhibiting a loss in expression of BPAGTe do not move in a processive fashion, a motility defect
which is rescued by forced expression of either constitutively active Rac or cofilin. To delineate fur-
ther the domains of BPAG1e involved in determining skin cell motile behavior, we expressed either
the N- or the C- terminal domains (residues 1-665 and 1811-2649, respectively) of BPAG1e in wild
type and BPAG1e knockdown human keratinocytes. The N- but not the C-terminal domain of BPAG1e
localizes with B4 integrin. Moreover, expression of the N-terminal domain induces a reduction in
lamellipodial stability and directed motility of wild type cells whereas the C-terminal domain has
no impact on cell motility or lamellipodial dynamics. Neither the N- nor the C-terminal domain
rescues the motility defects of BPAG1e knockdown cells. Rather, expression of the N-terminal domain
exacerbates the aberrant migration of the knockdown cells by reducing lamellipodial stability. Taken
together these data indicate the importance of the N-terminus of BPAG1e in mediating BPAGTe-
cell surface protein interactions which appear necessary for C- and/or rod domain-mediated sig-
naling.
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Norepinephrir ed IL-6 regulates fibrosis in systemic sclerosis
A Uehara, K Yamada, A Uchiyama, S Ogino, O Ishikawa and S Motegi Department of
Dermatology, Gunma University Graduate School of Medicine, Maebashi, Japan

Raynaud phenomenon is commonly observed in patients of systemic sclerosis (SSc) and character-
ized by episodic vasospasm and ischemia of extremities in response to cold or emotional stress. It
has been recogized that cold- or stress-induced norepinephrine (NE) stimulates adrenoreceptor (AR)
on pericytes or vascular smooth muscle cells, resulting in vasoconstriction. However, the roles of
NE in fibrosis of SSc are not well understood. The aim of this study was to elucidate the role of NE
in fibrosis in SSc. IL-6 is elevated in the serum of patients with early SSc, and is correlated with the
extent of skin fibrosis. At first, we examined the effect of NE on the production of IL-6 in normal
and SSc fibroblasts. Protein and mRNA levels of IL-6 expression in normal and SSc fibroblasts was
increased by NE in a dose-dependent manner by ELISA and real-time PCR. In addition, NE-induced
IL-6 production in SSc fibroblasts was significantly higher than that in normal fibroblasts. There is
no change in ARB expression in normal and SSc fibroblasts treated with or without NE. To confirm
whether NE induced IL-6 production via ARB on fibroblasts, we assessed the effect of AR blocker,
proplanolol, on NE-induced IL-6 production. Proplanolol inhibited NE-induced IL-6 production in
normal and SSc fibroblasts. In addition, proplanolol inhibited NE-induced phosphorylation of ERK
in normal and SSc fibroblasts. Next, we assessed the effect of the treatment with NE and endothe-
lin-1 (ET-1), which are supposed to contribute to the pathogenesis of fibrosis in SSc. Treatment with
a combination of both NE and ET-1 resulted in a synergistic increase in production of IL-6 in SSc
fibroblasts. Finally, we identified that NE enhanced proliferation of SSc fibroblasts compared with
that of normal fibroblasts. We conclude that NE induces IL-6 production, phosphorylation of ERK
and proliferation of fibroblasts in SSc via ARB. Our results indicate that avoidance of cold exposure
or emotional stress may attribute to the suppression of fibrosis as well as Raynaud phenomenon in
SSc.
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New insights in the biochemical properties and possible function of the human OATP5A1
transporter

K Sebastian,' S Detro-Dassen,” N Rinis,> H Merk,' G Schmalzing, G Zwadlo-Klarwasser* and
J Baron' 1 Dermatology and Allergology, University Hospital RWTH Aachen, 52074 Aachen,
Germany, 2 Pharmacology and Toxicology, Medical Faculty, RWTH Aachen University, 52074
Aachen, Germany, 3 Biochemistry, Medical Faculty, RWTH Aachen University, 52074
Aachen, Germany and 4 IZKF Aachen, Medical Faculty, RWTH Aachen University, 52074
Aachen, Germany

Organic anion transporting polypeptides (OATP/SLCO) have been identified to mediate the uptake
of a broad range of mainly amphipathic molecules, thereby playing a critical role in the bioavail-
ability of drugs. The human member OATP5A1 was found to be expressed in the epithelium of many
cancerous and non-cancerous tissues throughout the body but protein characterization and func-
tion have not yet been determined. Therefore, the gene expression of this transporter was analyzed
in different human cell types and OATP5AT was biochemically characterized using genetically mod-
ified Hela cells and Xenopus laevis oocytes. Functional studies should help to reveal the biologi-
cal role of OATP5A1. Data showed that the SLCO5A1 expression is increased in melanoma cell
lines and correlates with the differentiation status of primary macrophages and dendritic cells. A
core- and complex- N-glycosylated protein monomer could be localized in the cytosol and on the
cell membrane, respectively. Inducible expression of OATP5A1 in Hela cells led to an inhibitory
effect on the cell proliferation. Gene expression profiling with these cells identified genes that are
mainly involved in system- and anatomical structure development and cell adhesion. Surprisingly,
known substrates of OATPs such as oestrone-3-sulfate, prostaglandin E2 and arachidonic acid were
not transported by OATP5A1. A single nucleotide polymorphism of amino acid 33 (L—F) revealed
no differences regarding OATP5AT protein expression and function. In conclusion, we provide evi-
dence that OATP5A1 is involved in biological processes that require the reorganization of the cell
shape, such as differentiation and migration. However, further studies are needed to elucidate the
substrate specificity and specific function of this novel transmembrane protein.
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Caveolin-1 has an inverse correlation with collagen I in the skin: Caveolin-1 inhibitors can
be novel anti-aging agents in the skin

S Lee, | Lee, ) Choi, D Choi, S Yun and ] Lee Department of Dermatology, Chonnam National
University Medical School, Gwangju, Republic of Korea

Aged skin is characterized by decreased thickness due to loss of dermal collagen (COL). Besides
the structural role, caveolins play a gate-keeping role to modulate various signaling molecules local-
ized to the membrane component. Concerning COL metabolism, a few studies have reported the
role of caveolin-1 (Cav-1) in the skin or dermal fibroblasts. This study was aimed to evaluate the
role of Cav-1 in relation with COL expression in the skin. For studies, age-dependent changes in
mRNA and protein levels of Cav-1 and COL | were measured. Also, we tested whether methyl-g-
cyclodextrin (MBCD) as a Cav-1 inhibit could modulate COL | level in human dermal fibroblasts
(HDFs) or hairless mice. In results, there was an inverse correlation between COL | and Cav-1 lev-
els in the chronologically aged skin of humans and mice in vivo and senescent HDFs in vitro,
which was further confirmed by Cav-1 siRNA transfection and knock-out experiments. Treatment
of HDFs with MBCD dose-dependently up-regulated COL I mRNA and protein, as it up-regulated
mRNA levels of transforming growth factor (TGF)-B1, TGF-B receptor | (TBRI), and Smad2, indicat-
ing MBCD-mediated activation of TGF-B/TBRI/Smad2 pathway. In hairless mice, repetitive intra-der-
mal injection of 2.5% MBCD induced down-regulated Cav-1 and up-regulated COL | levels of mRNA
and protein, leading to skin thickening. There were no adverse reactions in the skin and major
internal organs in MBCD-injected mice. In conclusion, Cav-1 negatively modulates COL | expres-
sion in the skin and that intra-dermal injection of MBCD results in anti-aging effect via its anti-Cav-
1 activity. Cav-1 inhibitors can be developed as novel anti-aging agents through their COL-stimu-
lating activity in the skin.
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Stabilization of integrin-linked kinase by the Hsp90-CHIP axis regulates cellular force gen-
eration, migration and the fibrotic response

K Radovanac,' | Morgner,” J Schultz,® K Blumbach,’ C Patterson,* T Geiger,” M Mann,’ T Krieg,’
B Eckes,” R Fassler' and SA Wickstrém® 1 Department of Molecular Medicine, Max Planck
Institute for Biochemistry, Martinsried, Germany, 2 Max Planck Institute for Biology of Ageing,
Cologne, Germany, 3 Department of Dermatology, University of Cologne, Cologne, Germany,
4 Carolina Cardiovascular Biology Center and the Departments of Medicine, Cell and
Developmental Biology, and Pharmacology, University of North Carolina, Chapel Hill, NC and
5 Department of Proteomics and Signal Transduction, Max Planck Institute for Biochemistry,
Martinsried, Germany

The extracellular matrix (ECM) provides structural support for tissues as well as actively guides tis-
sue morphogenesis and homeostasis through regulating cell adhesion, migration, and growth fac-
tor activity. Therefore, tight regulation of ECM remodeling is a prerequisite for tissue function. Exces-
sive and progressive accumulation of ECM results in tissue fibrosis leading to scarring and destruction
of normal tissue architecture and function. Integrin-linked kinase (ILK) is an adaptor protein required
to establish and maintain the connection between integrins and the actin cytoskeleton. This link-
age is essential for generating force between the ECM and the cell during migration and matrix
remodeling. The mechanisms by which ILK stability and turnover are regulated are unknown. Here
we report that the E3 ligase CHIP - heat shock protein 90 (Hsp90)-axis regulates ILK turnover in
fibroblasts. The chaperone Hsp90 stabilizes ILK and facilitates the interaction of ILK with a-parvin.
When Hsp90 activity is blocked, ILK is ubiquitinated by CHIP and degraded by the proteasome. As
ILK is essential for fibroblast migration and ECM deposition, chemical inhibition of Hsp90 impairs
fibroblast migration and dramatically reduces the fibrotic response to bleomycin in mice. Together,
our results uncover the molecular regulation of ILK stability and identify a potential therapeutic strat-
egy targeting fibrotic diseases.
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Amphiregulin increases sebaceous gland size and tail epidermal thickness but not basal or
imiquimod-induced skin inflammation

Y Li,' CTalsma," SW Stoll" and |T Elder'” 7 Dermatology, Univ of Michigan, Ann Arbor, Ml and
2 VA Hospital, Ann Arbor, M1

Multiple EGFR ligands are overexpressed in psoriasis, and antibody blockade of human amphireg-
ulin (hAREG) improves psoriasis in skin xenografts (AJP 166:1009). To further examine the role of
AREG in inflammatory epidermal hyperplasia, we overexpressed full-length hAREG in FVB/N mice
using a bovine K5 promoter. Two founder lines were generated, both of which produced viable TG
offspring at Mendelian ratios and expressed high levels of hAREG mRNA and protein. Both lines
yielded undersized TG offspring during the neonatal period, with delayed development of the first
hair pelage that progressed to tousled, greasy fur as animals aged. Using Image] for quantification
of H&E-stained sections, both K5-hAREG lines manifested a marked increase in sebaceous gland
size (0.0047 = 0.0001 vs 0.0024 = 0.0001 mm2/gland, mean = SEM, n = 8 TG, 4 WT, p = 2 E-39),
with no increase in gland density. Similar phenotypes were seen in mice expressing the closely
related EGFR ligand epigen under control of the CMV promoter (CMV-hEPGN mice, JID 130:623).
K5-hAREG mice showed no clinical or microscopic signs of inflammation, leading us to ask whether
hAREG might modulate the inflammatory response to topical imiquimod (IMQ), following estab-
lished protocols (JI 182:5836). Like CMV-hEPGN mice, K5-hAREG mice had thicker tail epidermis,
which was similar in VEH and IMQ mice (VEH 1.55-fold, 54.8+1.1 vs. 35.31.1 um, p=8.2E-24;
IMQ 1.29-fold, 44.5+0.7 vs. 34.620.8 um, p=1.3E-14, n = 4-5). While IMQ markedly increased
skin inflammation and epidermal thickness of back skin in both WT and AREG mice (thickness up
2.2-fold and 1.7-fold, p<5E-27 and p<5E-60 respectively), there was no significant difference between
them. Finally, IMQ did not increase skin inflammation or epidermal thickness in tail skin, possibly
due to decreased drug delivery. These results suggest demonstrate similar effects of hAREG and
hEPGN in altering sebaceous gland and tail skin development, but provide little support for the
pro-inflammatory role of hAREG reported in other TG models.
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ANGPTL4 is a paracrine factor in tuberous sclerosis tumorigenesis with a potential role in
lymphangiogenesis

S Li,' S Rajesh,' P Klover,' C Dalgard,Z ] Wang,1 R Thangapazham,‘ J Moss® and T Darling' 1
Dermatology, Uniformed Services University, Bethesda, MD, 2 APG, USU, Bethesda, MD and
3 Cardiovascular and Pulmonary Branch, National Heart, Lung, and Blood Institute, NIH,
Bethesda, MD

Skin hamartomas in tuberous sclerosis complex (TSC) contain fibroblasts with hyperactivation of
mTOR signaling due to loss of TSC2 expression. To identify paracrine factors important in TSC tumori-
genesis, we used transcriptomic analysis of cells incubated with or without the mTOR inhibitor
rapamycin (20 nM) and under normoxic or hypoxic (1% O2) conditions, using TSC2-null fibrob-
lasts from angiofibromas and paired TSC fibroblasts from normal-appearing skin from 4 patients.
Unbiased hierarchical clustering identified three genes with angiogenic functions whose expression
levels were greater in tumor than normal fibroblasts, increased by hypoxia, and negatively regu-
lated by rapamycin: VEGFA, GPI, and ANGPTL4. Angiopoetin-like 4 was selected for further study
since it is a novel factor implicated in tumorigenesis and angiogenesis in human cancer. ANGPTL4
mRNA and protein were measured using real-time PCR and ELISA, respectively, in paired samples
of skin tumor fibroblasts (angiofibroma, periungual fibroma, and forehead plaque) and patient nor-
mal fibroblasts from 18 subjects with TSC. ANGPTL4 mRNA content in tumor fibroblasts was 4.2-
fold that in patient normal fibroblasts (p<0.01), and ANGPTL4 protein released into the media by
tumor fibroblasts over 24 hours was 2.1-fold more than patient normal fibroblasts (p<0.01). Levels
of ANGPTLA4 released by TSC2-null angiofibroma fibroblasts into media over 24 hours were increased
by hypoxia and decreased by rapamycin (p<0.05). Since we had previously shown that TSC tumors
contain more lymphatic vessels than normal skin, we tested the effect of recombinant ANGPTL4
on the proliferation of human dermal lymphatic endothelial cells (HDLECs) using BrdU incorpora-
tion, and observed that ANGPTL4 stimulated HDLEC proliferation (p<0.05). These studies identify
ANGPTL4 as a paracrine factor in TSC tumorigenesis with a previously unrecognized role in lym-
phangiogenesis.
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The interaction of plectin with intermediate filaments is modulated by MAPK-interacting
kinase 2 and PKA. Insights into the molecular basis of plectin-related human diseases
B_Favre,' | Bouameur,' Y Schneider® P Lingasamy,' R Hobbs,® L Fontao,” K Green’ and
L Borradori' 1 Department of Dermatology-DCR, INSEL-University Hospital, Berne,
Switzerland, 2 Department of Dermatology, University Hospital, Geneva, Switzerland and 3
Department of Pathology, Northwestern University Feinberg School of Medicine, Chicago, IL
Plectin is a versatile cytolinker, tethering the intermediate filament (IF) system to specific plasma
membrane sites and organelles, thereby contributing to the maintenance of cytoarchitecture and
cell resilience in tissues such as skin and skeletal muscle. Plectin-IF connections must be transitory
regulated during remodeling of the cell shape. We have identified serine 4642 in the COOH extrem-
ity of plectin as an in vivo phosphosite. Phosphorylation of Ser 4642 disturbs plectin localization
to IFs in various cell lines, whereas in the epidermis at junctional adhesion complexes, plectin is
unphosphorylated at S4642. After fractionation of transfected cells, the COOH-terminal IF-binding
domain of plectin, phosphorylated at $4642, was not found in the insoluble, IF-containing fraction
in contrast to their corresponding unphosphorylated recombinants. These data and yeast two-hybrid
assays indicated that phosphorylation of $4642 (pS4642) inhibits the binding of plectin to various
types of IFs, including cytokeratins, desmin and neurofilaments. Treatment of HeLa cells with EGF,
phorbol ester, sorbitol, 8-bromo-cyclic AMP or okadaic acid enhanced pS4642 levels. We identi-
fied two different kinases critically modulating the phosphorylation of $4642 plectin, the MAPK-
interacting kinase 2 (MNK2), downstream ERK1/2, and PKA. Our study provides for the first time
evidence for the key role of the plectin COOH extremity in the regulation of its linkage to IFs, iden-
tifies the implicated kinases and gives insights into the molecular basis of plectin-related human dis-
eases, as deletion of the COOH extremity by distinct pathogenic mutations in plectin gene results
in severe epidermolysis bullosa, myopathy and central nervous system manifestations.
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Increased dermal collagen deposition is a feature of chronic plaque psoriasis

D Rutkowski, RE Watson and CE Giriffiths Dermatology Centre, The University of Manchester,
Manchester, United Kingdom

Psoriasis is a common immune-mediated inflammatory skin disease. Most research and concepts
on the pathogenesis of psoriasis focus on the adaptive and innate immune responses with scant
regard for changes in the dermal extracellular matrix (ECM). We were interested to assess the role
of the ECM in psoriasis. Subjects (n=5; 4M, age range, 47-64 yr) with established chronic plaque
psoriasis were recruited and 6mm biopsies were obtained from both involved (PP) and uninvolved
(PN) skin; healthy volunteers (NN; n = 5; 3M, age range, 36-54 yr) were recruited as controls.
Cryosections (6um) were used for immunohistochemical identification of type I (pCl) and type IlI
(pClIl) pro-collagen. Immunostaining was quantified on a semi-quantitative scale (0 = absence of
staining; 4 = intense staining) and the total immunopositive area was calculated (Image ). Relative
COLT1 gene expression was assessed by real time ¢PCR (n=3 per group) and normalised to the house-
keeping gene GAPDH. Semi-quantitative analysis of pCl showed a significant increase in the dep-
osition of the amino pro-peptide in PP as compared to PN and NN skin (ANOVA; p<0.05). Simi-
larly a significant increase in pClll was seen in both PP and PN skin when compared to NN control
(ANOVA; p<0.05). Histological evaluation of pCl deposition in PP skin showed a greater depth of
staining into the papillary dermis from the dermal-epidermal junction as compared to PN and NN
skin (ANOVA; p<0.05); quantification of pClil identified a diffuse, uniform staining pattern through-
out the dermis of PP and PN skin as compared to NN control (ANOVA; p<0.05). The relative gene
expression of COLT was increased in PP versus PN skin (paired Student’s T-test; p<0.05). This study
demonstrates an increase in both the production and deposition of pCl and pClIl in the dermis of
PP skin as compared to the skin of healthy volunteers. Further work is needed to elucidate the mech-
anism underlying these changes in the dermal ECM in psoriasis and the role this might play in the
pathophysiology of the disease.

910

Differential modulation of ECM comp ts and GFR by retinoic acid and a physiologically
balanced GF formulation

VL Vega ' RC Mehta," MA Bachelor,? ) Oldach,? J Bolmarcich? and AJ Armento® 1 Research and
Development, SkinMedica, Carlsbad, CA and 2 MatTek Cooporation, Ashland, MA

Overall appearance of skin is a combination of health, ethnicity, lifestyle and age, which determine
skin color, texture, firmness and smoothness. Uneven color, rough, lax and wrinkled skin are asso-
ciated with aged skin. Microscopically, aged skin has an atrophic epidermis, flattened dermal-epi-
dermal junction, decreased number of dermal fibroblasts and diminished synthesis of extracellular
matrix components and growth factors (GF). Treatment with topical formulations that contain a phys-
iologically balanced and stable GF mixture has shown to improve skin appearance. Environmen-
tal conditions such as solar UV-light exposure strongly modulate skin appearance triggering pre-
mature aging or “photoaging”. Retinoids are the gold standard for the treatment of photoaged skin.
The goal of this study was to compare the effect of a physiologically balance GF formulation (PB-
GFF) and generic retinoic acid (RA, 0.05%) on simulated solar (SS)-UV-light treated skin. In brief,
EpiDermFT™ tissues were produced in the MatTek Corporation and subjected or not to SS-UV-light
radiation (200 mJ/cm2, 23 min). Immediately after UV-exposure, tissues were treated with 25 microl
of PB-GFF, RA or a combination of both and allowed to recover for 12 and 24 h. Total mRNA was
isolated and expression of different genes were analyzed by qPCR. The results show that all treated
groups have a significant increase in COLTA1 and COL3AT expression in comparison with untreated
tissues, although the kinetics and intensity of these increases were different. ELN and elastin-related
proteins (LOXLT and MFAP2) mRNA levels were also significantly induced (24 h after SS-UV-expo-
sure). Changes in the mRNA expression of GF-receptors (FGFR, FLT1 and EGFR) were also observed.
Non-physiologically balanced GF formulations did not trigger any changes in the genes previously
mentioned. These data demonstrate that both RA and PB-GFF induce synthesis of key ECM com-
ponents in EpiDermFT tissues, and therefore may be beneficial for preventing skin damage.
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Decreasing deacetylated ganglioside GM3 prevents AKT3 expression and triggers cell apop-
tosis in metastatic melanomas

I Lu,"* DQ Bach," A Shehu," HM Wilson," LR Kim," AS Paller' and X Wang' 1 Dermatology,
Northwestern University, Chicago, IL and 2 Dermatology, South Central University, Changsha,
China

GM3, the simplest ganglioside, regulates cell proliferation, migration and invasion by influencing
cell signaling at the membrane level. Although the N-acetylated form of GM3 (c-GM3) is expressed
in most normal cells, deacetylated GM3 (d-GM3) is mainly found in metastatic melanomas. We
have found that decreases in d-GM3 by knocking down either GM3 synthase (GM3S, which cat-
alyzes GM3 formation) or histone deacetylase 3 (HDAC3, which deacetylases GM3 to d-GM3)
reduce melanoma cell proliferation and/or prevent growth of melanoma xenografts in mice. How-
ever, the mechanism of d-GM3 regulated melanoma metastasis is largely unknown. Increased expres-
sion of AKT3 is known to protect cells from apoptosis in more than 70% of metastatic melanomas.
We hypothesized that d-GM3 promotes melanoma metastasis by increasing AKT3 expression and
promoting AKT downstream signaling, thus preventing cell apoptosis. By qRT-PCR, immunoblot-
ting, ELISA, WST and flow cytometry, we observed that in metastatic SKMEL-28 and A375M melanoma
cells, stable knockdown of GM3S with its shRNA-lentivirus significantly reduced AKT3 mRNA and
protein expression. The reduction in d-GM3 also decreased phosphorylation of proline-rich Akt sub-
strate (pPRAS40), mTOR and sensitized melanoma cells to the apoptosis-inducing agent staurosporine.
Conversely, overexpression of HDAC3 significantly increased AKT3 expression in poorly invasive
A375P melanoma cells, increased A375P cell proliferation and migration, and rendered A375P cells
insensitive to the induction of apoptosis. These data suggest that d-GM3 plays a critical role in
metastatic melanoma survival by activating the AKT-mTOR survival pathway and provide an addi-
tional rationale for development of HDAC3- or d-GM3 specific inhibitors for treating metastatic
melanoma.
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Keratinocyte motility is regulated by ganglioside GM3-induced suppression of insulin-like
growth factor-1 signaling

AS Paller,' D Shipp,' J Lu,' H Wilson,' P Randeria,” CA Mirkin? and X Wang' 1 Dermatology,
Northwestern Univ., Chicago, IL and 2 Chemistry, Northwestern Univ., Evanston, IL

We have previously shown increased ganglioside GM3 in diabetic mouse skin and that depletion
of GM3 synthase, which catalyzes GM3 synthesis, dramatically improves diabetic wound healing
in diet-induced obese knockout mice. We hypothesized that GM3 similarly accumulates in human
diabetic skin and that insulin-like growth factor-1 receptor (IGF-1R) activation is key to the increased
keratinocyte motility with GM3 depletion. Indeed, GM3S expression, as shown by qRT-PCR, was
increased by 4-5-fold in human diabetic vs. control foot skin (p<.001). GM3 biochemical supple-
mentation or GM3 accumulation by treatment with spherical nucleic acids (SNAs) to block GM3
downstream metabolism: i) suppressed normal human keratinocyte (NHEK) migration in scratch
assays (p<.01); ii) reduced cell polarization (p<.001); iii) virtually eliminated IGF-1R phosphoryla-
tion (p<.001); iv) increased cofilin phosphorylation with and without growth factor stimulation
((p<.001); and v) suppressed Rac1 activity by more than 75%. In contrast, SNA-induced suppres-
sion of GM3S expression or biochemical depletion of GM3: i) accelerated NHEK migration in scratch
assays (p<.01); ii) increased the percentage of NHEKs with a single lamellipodium in standard (p<.05)
and hyperglycemic (increased from 2.9% to 71% of cells, p<.001) medium; iii) increased IGF-1R
phosphorylation up to 9-fold; iv) reduced cofilin phosphorylation by 2.3-fold; and v) increased Rac
activity both without (p<.001) and with (p<.05) insulin or IGF-1 stimulation. Specific biochemical
inhibition of IGF-1R or addition of GM3 reversed the stimulatory effect of GM3S SNAs on NHEK
migration (p<.001). These data provide strong evidence that GM3 regulates keratinocyte polariza-
tion and migration by IGF-1R signaling and suppression of Rac1. These studies further implicate
GM3 depletion as a new strategy for accelerating human wound healing.
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Characterization of the molecular mechanisms and cellular phenotypes underlying inversa
type of recessive dystrophic epidermolysis bullosa

DT Woodley,' XY Wang,1 A Bauskar,' ) Cogan/' YP Hou," D Keene? and M Chen' 7 Dermatology,
University of Southern California, Los Angeles, CA and 2 Shriners Hospital for Children,
Portland, OR

Type VII collagen (C7), the major component of anchoring fibrils (AF), consists of a central triple
helical domain (TH) flanked by non-helical domains, NC1 and NC2. Mutations in the type VII col-
lagen gene (COL7AT1) cause dystrophic epidermolysis bullosa (DEB). Inversa recessive DEB (RDEB-
1) is a rare form of RDEB associated with missense mutations within the TH. The prominence lesions
in the mucosa and flexural areas of the skin in RDEB-I strengthens the hypothesis that the patho-
physiology of RDEB-I is temperature dependent. However, the biological consequences of specific
COL7A1 mutations leading to the unique RDEB-I phenotypes remain unclear. In this study, we
screened 22 patients with RDEB and found that six patients affect with RDEB-I and have missense
mutations G1907D, R2069C and G2719A. These six patients exhibit normal C7 expression at their
basement membrane zone assessed by immunofluorescence. However, by transmission EM, all of
these patients had either significantly reduced, complete absence or abnormal AF. We isolated ker-
atinocytes and fibroblasts from these patients, characterized their cellular phenotypes under differ-
ent temperatures and showed: (1) All of the mutations caused the intracellular accumulation of C7
when cells were grown at higher temperature but displayed normal secretion in cells grown at lower
temperature. (2) All the RDEB-I mutations produced mutant C7s with reduced thermal stability, as
demonstrated by increased sensitivity to protease digestion and reduced ability to form trimers at
higher temperature. (3) All RDEB-I keratinocytes and fibroblasts exhibited abnormal cellular phe-
notypes including hypermotility and reduced matrix attachment at higher temperatures that were
normalized at lower temperature. We conclude the effects of RDEB-I mutations on C7 secretion,
folding, stability, and cellular motility are highly temperature dependent and correlate with the
observed clinical phenotype.
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Expression of Drebrin, an actin binding protein, in basal cell carcinoma, trichoblastoma and
trichoepithelioma

Y Mizutani," H Kanoh,' I lwamoto,” M Seishima' and K Nagata® 7 Department of Dermatology,
Gifu University Graduate School of Medicine, Gifu, Japan and 2 Department of Molecular
Neurobiology, Institute for Developmental Research, Aichi Human Service Center, Kasugai,
Japan

Drebrin is an F-actin binding protein originally identified in brains of chick embryos. Four isoforms
with a molecular mass of ~120kDa, drebrins E1, E2, A and sA, are known to play important roles
in the cell migration, synaptogenesis and neural plasticity. Although drebrin had been thought to
be specific for neuronal cells, it has recently been reported that drebrin is also expressed in non-
neuronal cells. As for the skin cells, drebrin E2 has been shown to be enriched at adhering junc-
tions in cultured primary keratinocytes and also be highly expressed in basal cell carcinomas (BCC).
BCC and two benign neoplasms, trichoblastoma and trichoepithelioma, are all considered to derive
from the same origin, follicular germinative cells. Because of this, it is sometimes difficult to dis-
tinguish BCC from trichoblastoma and trichoepithelioma. In this study, we prepared a specific
polyclonal antibody for drebrin, and performed immunohistochemical staining of drebrin in BCCs,
trichoblastomas and trichoepitheliomas, and examined whether drebrin could be a biomarker of
BCC diagnosis. In Western blotting, drebrin was detected highly and moderately in the lysates from
asquamous cell carcinoma cell line, DJM-1, and normal human epidermis, respectively. In immuno-
fluorescence analyses, drebrin was accumulated at adherens junctions in DJM-1 cells and cell-cell
junctional areas of human normal epidermis. Next we examined the expression patterns of drebrin
in BCC, trichoblastoma, trichoepithelioma. In BCCs, intense drebrin expression was observed
especially at tumor cell boundaries. In contrast, drebrin was stained only weakly in trichoblastoma
and trichoepithelioma. These results indicate that drebrin might be involved in malignant tumor-
genesis. For diagnosis of BCC, drebrin may be a novel and useful marker.
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Collagen X1l and XIV - new partners of COMP in the skin extracellular matrix suprastructure
P Agarwal,' D Zwolanek,' DR Keene,” K Blumbach," JN Schulz,' C Mauch,' SA Eming,' T Krieg,'
M Koch® and B Eckes' 1 Univ. of Cologne, Cologne, Germany, 2 Shriners Hospital, Portland,
OR and 3 Oral Biology, Univ. of Cologne, Cologne, Germany

Cartilage Oligomeric Matrix Protein (COMP) is an extracellular glycoprotein abundantly expressed
in cartilage. We now describe COMP as a constituent of healthy human skin with a characteristic
distribution that is strongly altered in several pathological skin diseases that are accompanied by a
fibroproliferative response. In healthy human skin COMP is deposited in a linear fashion in the
papillary dermis immediately subjacent to the dermo-epidermal basement membrane and con-
centrated in anchoring plaques. Expression is strongly augmented in fibrotic skin of patients with
scleroderma and keloids, in lipodermatosclerotic regions of venous ulcers and in the stroma sur-
rounding epithelial tumor islets. In vitro and in vivo studies demonstrated that COMP is produced
exclusively by fibroblasts. Interestingly, COMP deposition overlaps extensively with that of colla-
gen Xl and X1V indicating a molecular interaction. Indeed in vitro binding assays using recombi-
nant proteins revealed high affinity binding (KD = 1 nM) of pentameric COMP to the collagenous
domains of FACIT collagens XII and XIV. Interactions were confirmed by immunogold electron
microscopy of healthy skin indicating that these interactions occur in vivo. We propose that in skin,
COMP functions as pentavalent nucleation structure binding collagen I fibrils via FACIT collagens
Xl 'and XIV and thereby modifying the supramolecular arrangement of the dermal collagen net-
work. Mechanisms leading to increased COMP expression in fibrotic skin conditions might involve
coordinated upregulation of collagens and COMP by TGFB1. Alterations of the dermal collagen
suprastructure might result in altered biochemical and mechanical properties in affected skin areas,
known to be critical for profibrotic and proliferative responses in fibroblasts. This model could pro-
vide a mechanistic explanation for the structural alterations observed in the collagen/ECM network
of some fibrotic skin diseases.
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Resemblances between scleroderma and ageing in skin fibroblasts

VI Dumit,"? V Kiittner,"*? Kéippler,]'Z S Piera-VeIazquez,4 SA Jimenez,* L Bruckner-Tuderman,'**
J Uitto™* and ) Dengje[”'3 1 Freiburg Institute for Advanced Studies (FRIAS), School of Life
Science (LifeNet), University of Freiburg, Freiburg, Germany, 2 Center for Biological Systems
Analysis (ZBSA), University of Freiburg, Freiburg, Germany, 3 Department of Dermatology,
University Medical Center Freiburg, Freiburg, Germany and 4 Department of Dermatology
and Cutaneous Biology, Jefferson Medical College, Philadelphia, PA

Systemic scleroderma (Ssc) is a fibrotic disease characterized by abnormal and excessive deposi-
tion of collagen and other extracellular matrix components in various tissues. Typical for this dis-
order is the presence of extracellular matrix producing fibroblasts in the affected organs displaying
an activated phenotype. We employed stable isotope labeling by amino acids in cell culture (SILAC),
a metabolic labeling strategy, which allows mass spectrometric comparison of different cell types
to unravel proteomic changes between normal and affected skin fibroblasts. Using this global, hypoth-
esis-free approach we were able to detect that proteins involved in DNA replication are down-reg-
ulated in Ssc affected fibroblasts. Follow-up experiments validated these findings and proved that
the nuclear levels of these proteins are different in affected vs. control cells. It is well established
that these proteins are markers of cell proliferation, thus it might be inferred that they are indirectly
involved in the up-regulated process of protein expression in Ssc affected cells. In addition, as affected
cells grew slower than their healthy counterparts we hypothesized that Ssc mimics an ageing phe-
notype and characterized ageing in skin fibroblasts by using cells taken from donors of different
ages. Indeed, we observed high resemblances between Ssc and the behavior of older fibroblasts,
e.g. we evaluated the extent to which autophagy is impaired in affected cells and fibroblasts from
old donors and obtained strong evidence that the autophagic capacity is dramatically decreased in
both cell types. Altogether, we propose as current working hypothesis that Ssc affected cells resem-
ble those from older donors.
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Genetic and in vitro observations support the key role of the protease inhibitor cystatin A in
basal epidermal adhesion

D Nitoiu and DP_Kelsell Centre for Cutaneous Research, Blizard Institute, QMUL, London,
United Kingdom

Autosomal recessive exfoliative ichthyosis presents shortly after birth with a fine peeling of non-
erythematous skin on the palms and soles. Electron microscopy revealed prominent intercellular
oedema and aggregates of keratin filaments in the basal and suprabasal cell layers of lesional skin
(Hatsell et al., 2003). We have identified loss-of-function mutations in the protease inhibitor cys-
tatin A (CSTA) as the underlying genetic cause of this condition (Blaydon et al., 2011), and investi-
gated further the role of CSTA in cell-cell adhesion. In vitro dispase-based, cell stretch and scratch-
wound assays combined with robust siRNA knockdown have demonstrated that loss of CSTA leads
to destabilised intercellular connections. All these observations suggest a possible role in main-
taining cell-cell adhesion via desmosomes in the basal keratinocytes. Furthermore DSG2 was relo-
cated in CSTA knockdown stretched cell monolayers from a membranous to a cytoplasmic com-
partment. As CSTA is known to inhibit cathepsins B, H and L, we have shown all three to be expressed
in cultured keratinocytes by western blotting. Also, IHC of the three cathepsins in normal skin shows
that whilst cathepsins B and L are expressed in the basal layers of the epidermis cathepsin H is
expressed mostly at the suprabasal level. Ongoing work is investigating the activity of cathepsins B
and L in supernatants from CSTA knockdown stretched and scratch-wounded keratinocyte mono-
layers with or without small molecule cathepsin inhibitors. These molecular and cellular data sug-
gest a major role for CSTA in basal keratinocyte adhesion in addition to its previously suggested
role in the epidermal barrier and house dust mite cysteine protease inhibition.
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Reduced fibrotic response in COMP-deficient mice

N Schulz,' P Agarwal,' K Blumbach,' M Koch,> T Krieg' and B Eckes' 1 Dermatology, University
of Cologne, Cologne, Germany and 2 Oral Biology, University of Cologne, Cologne, Germany
We previously showed that fibrosis in scleroderma, lipodermatosclerosis in chronic wounds and
the stroma surrounding basal and squamous cell carcinoma are all characterized by extensive dep-
osition of Cartilage Oligomeric Matrix Protein (COMP) into the dermal extracellular matrix. To bet-
ter understand the functions of COMP in these conditions and to facilitate mechanistic studies, we
analyzed skin morphogenesis, homeostasis and development of dermal fibrosis (bleomycin injec-
tion) in wild type and mice with global ablation of COMP (kindly provided by A. Oldberg, Lund).
In contrast to human skin, COMP was not detected (immunohistochemistry) in healthy skin of adult
wild type mice. In young mice however, deposition was strong around growing hair follicles dur-
ing follicle morphogenesis. This resembled the strong signals around tumor islets and suggested
potential regulation of COMP expression by mechanical forces or pressure. We developed an in
vivo organ culture model and showed that COMP expression was strongly induced in wild type skin
subjected to compression forces (p=0.038 compared to untreated controls). Further factors enhanc-
ing COMP expression include profibrotic mediators e.g. TGFp and IL-13 but not IL-4. As in human
fibrotic diseases, marked COMP deposition was detected in the fibrotic dermis elicited by bleomycin
injection. Interestingly, fibrotic responses following bleomycin treatment were significantly attenu-
ated in COMP-deficient mice (p<0.001 versus wild type) and were intermediate in heterozygous
deficient animals suggesting dose-dependent effects. These findings point to a positive correlation
of COMP expression with extent of fibrotic alterations. These might be caused by elevated mechan-
ical forces acting in concert with augmented TGFp levels in the dermis.
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MMP1, 2 and 7 but not 9 or 13 promote cutaneous SCC keratinocyte invasion and migration
C Pourreyron, V Pautu, MR Simons, CM Proby, IM Leigh and AP South Division of Cancer
Research, University of Dundee, Dundee, United Kingdom

Cutaneous squamous cell carcinoma (cSCC) affects over 20,000 people in the UK each year and
5-year survival rates for metastatic cSCC are estimated at 25-50%. Immunohistochemical studies of
human samples showed increased expression of matrix metalloproteinases (MMPs) in invasive cSCC
compared to normal skin or non-invasive tumours suggesting a role in cancer dissemination. Our
aim was to identify MMPs necessary for cSCC keratinocyte invasion and migration. We assessed
the contribution of MMPs to cell motility using organotypic invasion and scratch wound migration
assays in two c¢SCC keratinocyte populations (SCCRDEB4 and SCCT8) using two broad-spectrum
and two narrow-spectrum chemical inhibitors as well as siRNA targeting MMP1, 2, 3, 7, 9 and 13.
In addition, we analysed the expression of E-cadherin and vimentin, proteins involved in epithe-
lial-to-mesenchymal transition. Broad-spectrum MMP inhibitors almost completely prevented cSCC
organotypic invasion (p= 2.1E-3 and p= 3.6E-9) while narrow-spectrum inhibitors had a milder
effect, confirming that MMPs are necessary for cSCCK invasion and suggesting that several MMPs
may be involved (n=3 in each case). In scratch assay, MMP1, 2, 3 and 7 siRNA inhibited migration
(n=3). Invasion in organotypic culture was inhibited by siRNA specific for MMP1 (p=2.5E-3), MMP2
(p=2.9E-3) and MMP?7 (p=3E-2) (n=3 in each case). In both scratch and organotypic assays, knock-
down of MMP9 and 13 either increased or had no effect on cell motility dependent on the cSCC
population. Knock-down of MMP1, 2, 9 and 13 were associated with increased levels of E-cad-
herin mRNA but only MMP1 and 2 knock-down showed decreased expression of vimentin mRNA.
In conclusion we demonstrate the importance of clearly identifying which MMPs should be targeted
to efficiently prevent cSCC dissemination.
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The association of plectin with epidermal keratins 5 and 14 depends on several COOH ter-
minal subdomains within plectin, the central keratins coil 1 domain, and the quaternary struc-
ture induced by K5/K14 polymerization. Molecular insights into plectin- and intermediate fil-
ament-associated diseases

L Borradori,' L Fontao,” Bouameur/] N Begré,] P Lingasamy] and B Favre' 1 Department of
Dermatology-DCR, INSEL-University Hospital, Bern, Switzerland and 2 Department of
Dermatology, University Hospital, Geneva, Switzerland

Plectin is a member of the plakin protein family, composed of cytolinkers connecting elements of
the cytoskeletal system to each other and to various membrane sites, conferring to cells critical
resilience to mechanical stress in various tissues, such as the epidermis. To gain further insight into
the regulation of plectin-intermediate filament (IF) connection as well as to plectin and IF-related
human diseases, such as epidermolysis bullosa, in which IF-plectin linkage is compromised, we
have dissected the interaction of plectin with the basal epidermal keratins 5 (K5) and 14 (K14) by
yeast-three hybrid, cell transfection, chemical crosslinking and in vitro binding assays using recom-
binant proteins encompassing different subdomains of K5 and K14 keratins and the IF-binding
COOH-terminal portion of plectin. The results showed that: 1) plectin interacts much better with
monomeric K14 than K5; 2) the quaternary structure induced by hetero-polymerization of K5/K14
favors the association with plectin; 3) the coil 1 domain of K14 and K5/14 contains sequences crit-
ical for their binding to plectin; 4) deletion of the COOH-extremity of plectin affects the saturation
level of plectin-IFBD to polymeric K5/K14; and 5) a recombinant form of plectin encompassing the
last plakin repeat domain (PRD-C) and the COOH extremity is able to interact with K5/K14. These
observations indicate that the COOH-terminal portion of plectin contains more than one binding
site for K5/K14. Our data unravel the complexity of the binding of plectin to K5/K14 and provide
insights into the molecular basis of plectin- and IF-related human diseases, associated with patho-
genic mutations affecting functionally relevant sites within these molecules.
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Stimulation of tensotrophin expression and ECM remodelling in an innervated — dermal equiv-
alent system

P Prouheze, B Morand, ] Nicolay and M Frechet Exsymol, Monaco, Monaco

Maintenance of connective tissue homeostasis relies on a finely tuned balance between extracel-
lular matrix (ECM) constituents production and degradation. In the dermis, fibroblasts (HDF) ana-
bolic and catabolic activities are regulated by a complex signalling network, where Transforming
Growth Factor (TGF-B) plays a pivotal role. Autocrine TGF-p stimulation of HDF may not be exclu-
sive, considering that other cell types, such as neuronal cells, also secrete TGF-B, thus questioning
for a paracrine participation in the ECM remodelling. To study the relationship between skin inner-
vation, TGF-p production and ECM remodelling, Nerve Growth Factor (NGF)-differentiated PC12
cells (a model of sympathetic neurons) were grown in presence of dermal equivalent (DE). In this
model, metabolic activity of cells result in a progressive contraction of DE, and exogenous TGF-f
increases contraction. In coculture, DE contraction was improved compared to DE alone, which
supports an effective participation of the cutaneous nervous network in ECM remodelling relying
on its capacity to secrete tensotrophins such as TGF-B. To mimic age-associated decrease of TGF-f
expression in human skin in vivo, DE were prepared in low serum condition. We found that serum
deprivation slows down DE contraction, which is restored upon addition of differentiated PC12 cells.
In line with a decline of NGF production in aged skin, we further modelled the effect of aging on
ECM remodelling by cultivating PC12 cells with suboptimal amounts of NGF. Cocultures contain-
ing suboptimal amounts of NGF secreted less TGF-B, and contracted less efficiently. Finally, a syn-
thetic molecule endowed with neurotrophic properties that potentiates NGF signalling, was tested
in this model. This molecule could enhance neuritogenesis from NGF-deprived PC12 cells and
also potentiated TGF-B secretion. Accordingly, DE contraction was enhanced in cocultures treated
with this molecule. Taken together, our results suggest that preservation of an optimum cutaneous
nervous network may limit skin aging by maintaining tensotrophin expression.
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LaNt a31, via interaction with | 332, liates | ycyte attachment and motility
K] Hamill and JC Jones Cell and Molecular Biology and Dermatology, Northwestern University,
Chicago, IL

Recently, we described the identification of a new family of extracellular matrix proteins, termed
the LaNits, that share similarities with laminins and netrins. We generated a rabbit polyclonal anti-
body against one member of this novel family, LaNt @31, and demonstrated that it is found at the
dermal-epidermal junction of intact skin and is deposited into the extracellular matrix of keratinocytes
in culture where it decorates sites of laminin 332 deposition. Through a combination of knock-
down and exogenous addition studies we have analyzed the functional roles of LaNt a31 in human
keratinocytes. Cells displaying knockdown in LaNt a31 attach less rapidly and less robustly com-
pared to scrambled siRNA treated controls. Additionally, knockdown keratinocytes display defec-
tive motility with lower migration velocities in low-density migration assays and exhibit significantly
reduced scratch wound closure rates. Consistent with these data, the expression of LaNt a31 is
increased in low-density culture and following introduction of a scratch wound. Moreover, exoge-
nous addition of purified LaNt 31 to culture medium enhances the migration rates of keratinocytes
at low-density and promotes the early stages of scratch wound closure. Based on its domain archi-
tecture and the protein localization, we hypothesized that LaNt a31 may interact with laminin 332.
To test this, we undertook far western analyses. These analyses reveal LaNt a31 binds laminin 332
subunits and led us to assess whether LaNt a31 modulates attachment of cells to laminin 332. Ker-
atinocytes adhere more rapidly to plates where the laminin 332 is supplemented with low con-
centrations of LaNt 31 than to laminin 332 alone. Together these data have identified important
functional roles for a new family of extracellular matrix proteins in keratinocyte behavior. More-
over they demonstrate that cellular responses to the major structural components of the extracellu-
lar matrix is, at least in part, modulated by the action of small linker proteins.
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Regulation of normal epidermal homeostasis by the basement membrane

ST Marsh,' VL Martins," M Donaldson,? K Braun' and EA O'Toole' 1 Centre for Cutaneous
Research, Queen Mary University of London, London, United Kingdom and 2 Stiefel, a GSK
company, Uxbridge, United Kingdom

The basement membrane of skin has an essential structural role in aiding the tight attachment of
the epidermis to the underlying dermis. In addition to its structural properties the basement mem-
brane is also an important mediator of keratinocyte homeostasis, adhesion, proliferation, migration
and gene expression. In this study we performed siRNA knock-down of the basement membrane
proteins collagen IV, collagen VII, BP180 and the laminin alpha3 chain in primary keratinocytes.
Organotypic collagen gels generated using normal fibroblasts and siRNA transfected keratinocytes
showed altered epidermal differentiation compared to non-targeting control. Blistering was observed
at the basement membrane in type VII collagen and laminin alpha3 knock-down epidermal 3D
cultures. We have shown in monolayer cultures that keratinocyte stem cells have increased expres-
sion of laminin alpha3 and knock-down of this basement membrane protein causes altered stem
cell marker expression. We have generated a long term organotypic model using an inert scaffold
to culture keratinocytes with stable knock-down at the air-liquid interface for more than 4 weeks.
Using normal primary keratinocytes we can show expression of basement membrane proteins and
epidermal integrin receptor expression. This will allow us to analyse beyond an epidermal regen-
eration cycle to observe the impact of basement membrane loss on the stem cell compartment and
epidermal homeostasis.
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Type VII collagen regulates front-to-rear polarity in primary cutaneous squamous cell carci-
noma keratinocytes

H Dayal, C Pourreyron, SA Watt, IM Leigh and AP South Division of Cancer Research,
University of Dundee, Dundee, United Kingdom

Cell polarity is essential for tissue homeostasis and has a well-established role in cancer during
both early onset of tumourigenesis and malignant transformation. Polarity can be defined as either
the distribution of membrane domains along the apico-basolateral axis of a cell or the planar posi-
tioning of cells within the tissue itself, referred to as planar cell polarity (PCP). In the absence of
established polarity, cancer cells do not respond to growth inhibitory signals from neighbouring
cells and the microenvironment and acquire a migratory and invasive phenotype that ultimately
results in metastasis. Recent studies have shown that ELMO2 positively regulates apico-basolateral
keratinocyte polarity by serving as a bridge between active RhoG and ILK. We studied the regula-
tion of this protein after manipulating COL7AT1, the gene encoding type VII collagen. COL7AT1 is
mutated in recessive dystrophic epidermolysis bullosa (RDEB), a rare inherited skin disorder that
predisposes to developing aggressive cSCC. Our data shows that ELMO2 expression is positively
regulated by type VII collagen in both UV induced and RDEB ¢SCC (p<0.005, n=7, 4 independent
primary cultures). We show that retroviral expression of type VII collagen confers increased struc-
tural polarity in 3D-spheroids cultured from RDEB cSCC cells. To test whether type VIl collagen can
influence planar cell polarity, pathway specific PCR arrays were used. Preliminary mRNA expres-
sion data suggests that APC expression, a tumour suppressor gene involved in directional migra-
tion, is significantly increased (p=0.01, n=3) in RDEB cSCC primary keratinocytes cultured on type
VIl collagen containing matrix. We show FZD3, a Wnt receptor and planar cell polarity marker, is
also positively regulated by type VII collagen. These data suggest that type VII collagen positively
regulates apico-basolateral and PCP polarity in cSCC and can play an important role in tumour
progression through modulating key drivers of migration and invasion.
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Epidermal EGFR signalling controls cutaneous host defense and prevents inflammation

B Lichtenberger,' P Gerber,”> M Holcmann,' B Buhren,>* V Smolle,' H Schrumpf,? E Boelke,*
P Ansari,> C Mackenzie,” A Wollenberg,6 JW Fischer,” J Harder?® J Schroeder,® B Home)(z and
M Sibilia" 7 Institute for Cancer Research, Medical University of Vienna, Vienna, Austria, 2
Dermatology, University of Duesseldorf, Duesseldorf, Germany, 3 Physiology & Biophysics,
University of California, Irvine, CA, 4 Radiation-Oncology, University of Duesseldorf,
Duesseldorf, Germany, 5 Institute of Medical Microbiology, University of Duesseldorf,
Duesseldorf, Germany, 6 Dermatology and Allergy, Ludwig-Maximilian University, Munich,
Germany, 7 Institute of Pharmacology and Clinical Pharmacology, University of Duesseldorf,
Duesseldorf, Germany and 8 Dermatology, University Hospital Schleswig-Holstein, Kiel,
Germany

The Epidermal Growth Factor Receptor (EGFR) plays an important role in tissue homeostasis and
cancer progression. Interestingly, patients treated with EGFR inhibitors (EGFRI) frequently develop
a papulo-pustular rash, which is regarded as important surrogate marker of the patient’s treatment
response. Here we show that the early inflammatory infiltrate of the rash is dominated by T-cells.
EGFRI induce the expression of chemokines (CCL2, CCL5, CCL27, CXCL14) in epidermal ker-
atinocytes, while the production of antimicrobial peptides and skin barrier genes is impaired. Cor-
respondingly, EGFRI-treated keratinocytes facilitate lymphocyte recruitment, but show a significantly
reduced cytotoxic activity against Staphylococcus aureus. Mice lacking epidermal EGFR (EGFRAep)
show a similar phenotype, which is accompanied by chemokine-driven skin inflammation, decreased
host defense and deficient skin barrier function as well as early lethality. Most importantly, skin tox-
icities were ameliorated in a Rag2-deficient background indicating that lymphocytes play a critical
role. Our findings demonstrate that EGFR signaling in keratinocytes regulates key factors involved
in skin inflammation, barrier function and host defense, thus providing novel insights into the mech-
anisms underlying EGFRI-induced skin pathologies.
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Micro-spectroscopic and complementary ultrastructural observations of adipocytes

L Senak,?> G Menon,* D) Moore,'* G Zhang,z D Brasaesmle* and M Hernandez* 1 TRI/Princeton,
Princeton, NJ, 2 Ashland Specialty Ingredients, Wayne, NJ, 3 Rutgers University, Newark, NJ
and 4 Rutgers University, New Brunswick, NJ

Adipocytes play several critical physiological roles including energy storage and thermal insula-
tion. The purpose of this work is to establish an experimental baseline using infrared imaging
micro-spectroscopy for studies of adipocyte composition and morphology including their lipid
droplet content. This work expands upon recent studies from our laboratories utilizing this approach
to study isolated corneocytes and cultured human fibroblasts. To this end, human adipocyte cells
have been grown under standard conditions, harvested, and applied to infrared transparent win-
dows to allow spatially resolved infrared imaging using Fourier transform infrared (FTIR) imaging
spectroscopy and Transmission Electron Microscopy (TEM). Infrared imaging micro-spectroscopy
allows differentiation of the spatial distribution of chemical species within the cells such as pro-
teins (eg. Perilipins and Caveolins), lipids, nucleic acids, and other components. The conformational
states of these molecules or molecular assemblies can be extracted from the spatially resolved indi-
vidual spectra collected from specified areas of the cells, thereby providing information pertaining
to molecular organization and dynamics. The FTIR images are compared directly to visible images
of the same cells providing points of reference that relates specific molecular information to spe-
cific cellular domains. The imaging results are supported with observations of the same cells using
Transmission Electron Microscopy (TEM). Cells have been examined in non-fixed and fixed states.
For TEM, cells were also fixed with a microwave fixation protocol meant to fix cells on an ultrafast
time scale (ensuring maximum integrity for the fixed cell). The current work demonstrates that FTIR
imaging micro-spectroscopy of adipocytes is a powerful method to characterize the molecular struc-
ture, organization and composition of lipid droplets in cultured adipocytes without the use of chem-
ical labels or histological stains.
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Loss of type VII collagen in cutaneous SCC increases angiogenesis

VL Martins," MP Caley,' K Moore,* Z Szentpetery,' DF Murrell,” MH Kim,” JA McGrath,* R Cerio,'
M Chen,” JF Marshall*> and EA O'Toole' 7 Centre for Cutaneous Research, Blizard Institute,
Queen Mary University of London, London, United Kingdom, 2 Institute of Cancer, Queen
Mary University of London, London, United Kingdom, 3 Dermatology, University of NSW,
Sydney, NSW, Australia, 4 Guy’s, King’s College & St Thomas’ School of Med, London, United
Kingdom and 5 Dermatology, USC, Los Angeles, CA

We have previously shown that loss of ColVII in SCC, modelling recessive dystrophic epidermoly-
sis bullosa (RDEB), increases iinvasion with increased TGF-beta signalling. In this study, we explored
the role of angiogenesis, a TGF-beta driven process, in tumourigenesis of SCC cells with absent
ColVII. Stable knock-down of ColVII (shCOL7) was established in SCC cell lines using lentiviral
shRNA. Collagen:matrigel gels were generated using shCOL7 and control (shC) cells and normal
fibroblasts and grafted onto immunodeficient nude mice for 6 weeks. Histological analysis revealed
that shCOL? cells are more invasive than control cells in vivo, accompanied by an increase in blood
vessel formation and diameter quantified using Meca-32 labelling. Data from an angiogenesis pro-
teome array showed a significant increase in several angiogenesis markers, including VEGF-A and
thrombospondin-1 in shCOL7 cells. Conditioned media from shCOL7 cells increased in vitro tube
formation and branching in a HUVEC angiogenesis assay. Conditioned media from RDEB SCC
cells with knockdown of TGFBR2, but not TGFBR1, reduced in vitro tube formation. Twist and VEGF
expression was increased in shCol7 xenografts compared to shC and in RDEB SCC tumours com-
pared to sporadic SCC sections. Interestingly, CD31 labelling also revealed an increase in the num-
ber and diameter of blood vessels in RDEB SCC tumours. Using a zebrafish xenograft model, we
demonstrate that recombinant collagen VI protein significantly reverses intratumoural vascularisa-
tion of RDEB SCC cell lines. Our data provide evidence for the first time that loss of epithelial
ColVIl in SCC specifically increases angiogenesis driven by TGF-beta signalling, Twist and VEGF
and may contribute to a better understanding of the accelerated metastasis in RDEB SCC.
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Amphiregulin cytoplasmi reg G2/Mint keratinocytes

SW Stoll, L Rittié, S Lambert, A Johnston, WR Swindell, PE Stuart and JT Elder Dermatology,
University of Michigan, Ann Arbor, Ml

Amphiregulin (AREG), one of seven EGFR ligands, has been strongly implicated as an autocrine
growth factor for keratinocytes (KC) and other epithelial cells. It is expressed as a transmembrane
precursor that undergoes ectodomain cleavage to release soluble ligand. We have previously shown
that AREG knockdown (KD) strongly inhibits KC proliferation and cell cycle related gene expres-
sion that cannot be reversed by addition of soluble AREG (sAREG), suggesting that the AREG cyto-
plasmic domain (CTD) might be involved in a distinct intracellular signaling pathway that regulates
KC growth. To further explore the effects of AREG KD on KC proliferation and cell cycling, we ana-
lyzed AREG KD cells by flow cytometry. Consistent with the appearance of many bi-nucleated cells,
we found a large increase in KC with =4n DNA content (67.4% of the total population 6 days after
AREG KD) accompanied by a strong decrease in cell division (~4-fold reduction relative to control
KC, as assessed by CSFE dye dilution), which could not be reversed by addition of SAREG. To assess
the functional importance of the AREG CTD, we transduced AREG KD KC with “silencing-proof”
lentiviral constructs encoding the AREG CTD, full-length AREG, and SAREG. As assessed by resazurin
reduction (which is sensitive to cell size and cell number), cell metabolism was markedly dimin-
ished in AREG KD cells (to 16.0% of control) but was restored by expression of the CTD (53.1%)
or full-length AREG (67.8%) but to lesser extent by SAREG (38.4%, n=3 for all). Expression of AREG
CTD, but not sSAREG, in KD cells efficiently restored expression of FoxM1 (29.6% of control in KD
cells vs. 86.5 % for CTD and 39.8% for sAREG) and several of its target genes known to be impor-
tant for G2/M transition and cytokinesis (e.g., PLK1: 39.1%, 86.6% and 42.4%; AurkA: 37.2%,
91.1% and 31.9%). Taken together, these data suggest that the AREG CTD is required for autocrine
proliferation, G2/M transition and cytokinesis of human KC.
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Nox4 - an emerging target for the future treatment of scleroderma?

H Dosoki, A Stegemann, N Weiss, TA Luger and M Bohm Department of Dermatology,
University of Miinster, Miinster, Germany

The pathogenesis of systemic sclerosis (SSc) is incompletely understood and effective therapies are
urgently needed. There is evidence that abnormal expression and activity of distinct NADPH oxi-
dase (Nox) isoforms are crucially involved in fibrotic diseases. Here, we analyzed the expression
pattern of Nox enzyme isoforms in neonatal and adult human dermal fibroblasts (HDF) and in HDF
from patients with SSc. We also investigated the regulation and function of the detected Nox iso-
form in the context of collagen synthesis and myofibroblast activation. Normal and diseased HDF
expressed mRNA transcripts for Nox4 as well as its associated adaptor proteins p22phox and Poldip2.
In contrast, Nox1, Nox2/gp91phox, Nox3, Duox2, p47phox, P67phox and p40phox were unde-
tectable in these cells. Importantly, stimulation of normal HDF with the profibrotic cytokine TGF-
1 strongly upregulated Nox4 expression at mRNA and protein level as determined by real-time
RT-PCR and Western immunoblotting. Immunofluoresence analysis revealed that TGF-B1-medi-
ated induction of Nox4 protein localizes to the cytoplasm as well as to the perinuclear space of the
cells. Pharmacological inhibition of Nox enzyme activity not only suppressed TGF-B1-mediated
expression of collagen type | but also induction of both a-smooth muscle actin (a-SMA) and
fibronectin 1. To finally test if agents suppressing experimentally induced fibrosis likewise reduce
Nox4 expression, we pretreated HDF with the rapamycin derivative everolimus, the antifibrotic
agent tropisetron, and a-melanocyte stimulating hormone (a-MSH). Only a-MSH suppressed TGF-
B1-mediated Nox4, a-SMA and fibronectin 1 expression supporting a modulatory role of this pep-
tide on fibroblast activation and ECM production. In summary, our results describe a novel and unex-
pected function of a specific NADPH isoform, Nox4, in fibroblast biology of the skin. Our findings
are also encouraging to further dissect the functional role of this NADPH isoform in experimentally
induced fibrosis models of the skin in order to tailor more effective therapies against fibrotic skin
diseases.
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Short-term ozone exposure pr
tion and migration

X Wang,' J Lu,"? HM Wilson," Y Joo' and AS Paller' 1 Dermatology, Northwestern University,
Chicago, IL and 2 Dermatology, Central South University, Changsha, China

As a potent disinfectant and oxygen (O2) donor, O3 has been studied for therapeutic use. By a quasi-
total body exposure of O3 in a thermostatically controlled cabin to a patient with chronic limb
ischaemia or by topical application of ozonated tea oil to the lesional area of chronic wounds, we
have observed improved oxygenation and enhanced healing. The mechanism of O3 action on skin
cells during wound healing is largely unknown. We hypothesized that short-term exposure to O3
facilitates wound healing through stimulating keratinocyte proliferation and migration. Using an in
vitro diabetic cell culture model, we studied the effect of O3 exposure on keratinocyte prolifera-
tion, migration and signaling pathways. By WST (water soluble tetrazolium) assay, in vitro wound
scratch assay and immunoblotting, we observed that exposure to O3 for only 10 min daily for 5
days increased cell proliferation (p<.05 by day 4, and p<.01 by day 5) and enhanced cell migration
(p<.05 by 12h post scratch). Furthermore, we found that brief O3 exposure increased ERK phos-
phorylation by 4.8-fold, increased AKT phosphorylation at Thr 308 by 2.6-fold and AKT at Ser 473
by 1.8-fold, and increased mTOR phosphorylation by 2.8-fold. Inhibition of ERK (PD98059), AKT
(MK-2206 2HCI) or mTOR (rapamycin) prevented O3-mediated cell proliferation (p<.01) and migra-
tion (p<.05). We have also noted that O3 exposure regulates keratinocyte function in a time-depend-
ent manner. Exposure to O3 for 10 min daily maximally elevated cell proliferation, migration and
related signaling, whereas more prolonged exposure (20 -30 min) markedly inhibited cell prolifer-
ation, migration and related signaling. These findings suggest that long-term exposure to O3 dam-
aged keratinocytes, while short-term exposure to O3 exerts a beneficial effect.

wound healing by sti ing keratinocyte prolifera-
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Lipid soluble components of bee venom prevents oxidation-related changes in collagen metab-
olism in normal human dermal fibroblasts

E Choi," J Park,” J Jeon,” P Hyun,? K Lim,* B Kim® and S Kang1 1 Applied Bioscience, CHA
University, Seoul, Republic of Korea, 2 Wissen Co., Daejeon, Republic of Korea and 3
Proteometech Co., Seoul, Republic of Korea

Bee venom has been used for treatment of cancer, immuological diseases, pain, and recently for
anti-aging cosmetics. While the biological activities of water soluble fractions or ingredients of bee
venom, e.g., melitin, are relatively well studied, there are limited knowledge about the lipid solu-
ble components. In this study, bee venom was separated in fractions, and the effects on dermal extra-
cellular matrix metabolism were inverstigasted. Lipid soluble fractions of bee venom reduced inter-
stitial collagenase expression in both nontreated and hydrogen peroxide-treated dermal fibroblasts.
These fractions also showed protective effect on oxidation-induced decrease of procollagen I expres-
sion. In contrast, water soluble fractions displayed no significant alteration in collagen metabolism.
Because abnormal shift of cellagen turnover is an important mechanism of dermal aging and wrin-
kle formation, a novel anti-aging material can be developed from lipid soluble components of bee
venom





