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551
Nrf2 activation enhances cutaneous wound healing by expansion of hair follicle stem cell
populations
SS Muzumdar1, H Hiebert1, E Haertel1, W Bloch2, S Werner1 and M Schäfer1 1 Institute of
Molecular Health Sciences, ETH Zürich, Zürich, Switzerland and 2 Institute of Cardiovas-
cular Research and Sport Medicine, German Sport University Cologne, Cologne, Germany
The transcription factor Nrf2 is a key regulator of the cellular stress response through the
regulation of antioxidant enzymes, cytoprotective proteins and various transporters. Phar-
macological activation of Nrf2 is therefore a promising strategy for both skin protection and
cancer prevention. Here we show that genetic activation of Nrf2 in keratinocytes enhances
the closure of full excisional back skin wounds through an increase in the length and area of
the wound epithelium. Surprisingly, Nrf2 activation had no influence on proliferation and
apoptosis of the wound epithelium as well as keratinocyte migration in vitro. However, we
observed an increase in keratinocyte proliferation and the number of keratinocytes in the
wound periphery. Importantly, Nrf2 activation specifically expanded junctional zone and
upper isthmus stem cells among the hair follicle stem cell populations, which were shown to
migrate into the wound and form the wound epithelium. A longer epithelium following tape
stripping of the epidermis confirmed a functional involvement of hair follicles stem cells in
enhanced re-epithelialization after genetic Nrf2 activation. Nrf2 mediated the proliferation of
hair follicle stem cells by increased EGFR signaling as a consequence of an up-regulation of
the EGF family member Epigen, which we recently identified as a direct target of Nrf2. Thus,
Nrf2 activation mediates the expansion of junctional zone and upper isthmus hair follicle
stems cells by enhancing EGFR signaling. This provides a larger pool of available keratino-
cytes, which can migrate into the wound and form a longer wound epithelium after
wounding. Pharmaceutical Nrf2 activation, thus appears to be a promising approach for the
enhancement of wound healing through the expansion of hair follicle stem cell pools.
View publication statsView publication stats
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Combined loss of integrins a1b1 and a2b1 results in reduced angiogenesis in mice
S Ghatak1, S Niland2, J Schulz1, F Wang1, C Mauch1, T Krieg1, P Zigrino1 and B Eckes1

1 Dermatology, University of Cologne, Cologne, Germany and 2 Institute of Physiological
Chemistry & Pathobiochemistry, Münster, Germany
Loss of integrin a1b1 in mice results in reduced tumor size and tumor angiogenesis, whereas
loss of integrin a2b1 leads to increased angiogenesis in wounds and tumors. These findings
show that integrin a1b1 and a2b1 have opposing effects on angiogenesis. However, the
synergistic outcome of the opposing effects of these two integrins in angiogenesis remains
elusive. We analyzed wound and tumor vascularization in mice with constitutive ablation of
integrin subunits a1 and a2, thereby removing the a1b1 and a2b1 receptors (dKO).
Compared to controls, dKO mice displayed reduced wound angiogenesis at day 3 and 7 post
wounding. These results were confirmed by reduced angiogenesis of sponges implanted into
the thoracic cavity of dKO mice compared to controls. Similarly, intradermal injection of B16
F1 melanoma cells induced a reduction in tumor angiogenesis in dKO mice compared to
controls. This reduction was a result of increased levels and activity of matrix metal-
loproteinase-9 (MMP-9), that cleaves circulating plasminogen to release increased amounts of
angiostatin, a potent inhibitor of endothelial cell proliferation. Concomitantly, plasma from
tumor bearing dKO mice displaying increased levels of angiostatin reduced HUVEC prolif-
eration. Of note, endothelial cells in dKO wounds and tumors showed reduced proliferation.
These results were confirmed in an ex vivo aortic ring angiogenesis model, where signifi-
cantly fewer and thinner sprouts emerged from dKO aortic explants, and they exhibited
reduced endothelial cell proliferation and fewer branch points. These observations suggested
defects in both primary and secondary sprouting in the dKO explants as compared to controls.
In summary, our observations show that the combined loss of integrins a1b1 and a2b1 in
mice results in a reduction of wound and tumor angiogenesis due to enhanced MMP-9
activity and circulating angiostatin leading to reduced endothelial cell proliferation similar to
the mechanism observed in the a1-deficient mice.
553
Complex skin models and impedance spectroscopy as new tools for dermatological research
FK Groeber2, L Engelhardt2, B Le Varlet1, B De Wever1, HWalles2 and J Hansmann2 1 ATERA
labs, Esch-sur-Alzette, Luxembourg and 2 Translational Center Würzburg, Würzburg,
Germany
The aim of this study was to improve current tests based on in vitro skin models both
regarding a higher in vivo correlation and analytical methods. Despite advances in the
development of in-vitro-tissue-models such as reconstructed human epidermis (RHE), the
questions in dermatological research, which can be addressed with these models is limited.
This is due to a lack of key cellular components and a restricted live time of the models. In
addition, the analysis of the models is still dependent on invasive methods such as histo-
logical processing or MTT staining. To overcome these pitfalls, we achieved advanced culture
systems and biomaterials which allow long term culture of complex tissue-equivalents. Using
these technologies, we have developed the first full thickness skin-model with a perfused
vascular network. Furthermore, as an alternative for destructive methods, we have established
a non-destructive technology to analyze the integrity of the epidermal barrier based on
impedance spectroscopy. RHE typically exhibits characteristic impedance spectra in a fre-
quency ranging between 1 Hz and 100 kHz, which is comparable to the spectra of freshly
isolated human epidermal biopsies. From these spectra, we extracted electrical parameters of
the RHE such as the capacitance and the ohmic resistance. These parameters change
significantly during epidermal differentiation and were used to quantify the effects of
mechanical and chemical disruption of the epidermal integrity. Most relevant, impedance
spectroscopy shows a sufficient sensitivity to detect a transient decreased ohmic resistance
caused by 2-propanol, which is classified as a non-irritant by MTTassays. This result indicates
that impedance spectroscopy can be employed as an additional method to assess mild irri-
tative effects. In our work we could create new technologies for the generation and analysis of
tissue-models which is a vital requirement to value of in-vitro-test-models for dermatological
research.
554
Epigenetically regulated caveolin-1 is responsible for hyper-responsiveness to mechanical
stimuli and the activation of fibrogenesis-related Runx2 in keloid fibroblasts
C Hsu1, H Lin2, IH Harn2, R Ogawa3, YJ Lee1, J McGrath4 and M Tang2 1 Department of
Dermatology, National Cheng Kung University Hospital, College of Medicine, National
Cheng Kung University, Tainan, Taiwan, 2 Department of Physiology, College of Medicine,
National Cheng Kung University, Tainan, Taiwan, 3 Department of Plastic, Reconstructive
and Aesthetic Surgery, Nippon Medical School, Tokyo, Japan and 4 St John’s Institute of
Dermatology, King’s College London, Guy’s Hospital, London, United Kingdom
Keloids are pathological scars characterized by excessive extracellular matrix production and
prone to form in body sites with increased skin tension. We recently found that keloid fi-
broblasts autonomously exhibit non-spatially distributed filament elasticity and enhanced
non-directional migration. Caveolin-1 (Cav1) is the principal coat protein of caveolae func-
tioning as scaffolds for mechanosensing. In this study, we assessed the causal relationship
between Cav1 downregulation and aberrant responses to mechanical stimuli in keloid
fibroblasts. Using atomic force microscopy, we found that keloid fibroblasts were softer than
control fibroblasts, and showed a loss of stiffness sensing characterized by a failure to adjust
their stiffness in response to that of the matrix. The loss of Cav1 also contributed to the
hyperactivation of fibrogenesis-related Runx2, a transcription factor germane to osteogenesis/
chondrogenesis, and increased migratory ability in keloid fibroblasts. The augmented
HDAC-2 in keloid fibroblasts was responsible for the downregulation of Cav1 and the hypo-
responsiveness to mechanostimulation. Our results indicate a novel role for Cav1 down-
regulation in linking aberrant responsiveness to mechanical stimulation with the progression
of keloid disease, findings which may lead to new developments in disease diagnostics,
prophylactics, and therapeutics.
555
Systemic HMGB1 administration ameliorates bleomycin-induced skin fibrosis by promoting
accumulation of bone marrow-derived mesenchymal stem cells to the lesion
Y Komurasaki1, E Aikawa1, I Katamaya2 and K Tamai1 1 Stem cell therapy science, Osaka
University, Suita-shi, Japan and 2 Dermatology, Osaka University, Suita-shi, Japan
Bone marrow-derived cultured mesenchymal stem cells (MSCs) have been documented to
show a variety of bioactivities including anti-inflammation, anti-fibrosis, and regeneration-
induction when inoculated into the injured tissues. However, the role of endogenous MSCs in
bone marrow in tissue regeneration processes is still unclear. Previously, we reported that
necrotic epithelia-derived high mobility group box protein 1 (HMGB1), which is a chromatin
chaperon protein, stimulate platelet-derived growth factor receptor a-positive (PDGFRa+)
MSCs in bone marrow and mobilize them into the blood flow in the mouse skin graft model.
The HMGB1-induced circulating MSCs were then shown to accumulate into the skin graft
and then suppressed inflammation and induced regeneration of the injured skin graft by
differentiating to fibroblasts and keratinocytes. Under these backgrounds, we hypothesized
that HMGB1-induced MSCs in the skin lesion may also ameliorate skin fibrosis. To attest this
hypothesis, we evaluated anti-fibrotic activity of systemic HMGB1 administration twice a
week during bleomycin (BLM)-induced skin fibrosis in C57/BL6 mice, in which BLM was
daily inoculated to the dermis for 40 days. As a result, there were more PDGFRa+ MSCs in the
lesion and BLM-induced skin fibrosis was significantly declined in the group treated with
HMGB1 as compared to the control group. Then, we treated other mice with HMGB1 after
formation of BLM-induced skin fibrosis, and obtained the same result above. In addition, the
PDGFRa+ MSC-depleted bone marrow transplantation resulted in attenuation of the anti-
fibrotic activities of HMGB1 administration to BLM-induced skin fibrosis, suggesting a pivotal
role of the accumulated PDGFRa+ MSCs for the anti-fibrotic activity. These data may provide
role of MSCs for anti-fibrotic activity in vivo, and future perspective of HMGB1 as a medicine
for fibrotic diseases, such as systemic sclerosis as well as scleroderma.
556
Advances in extracellular matrix proteomics through optimised sample preparation
AM Eckersley1, RE Watson2, D Knight3, CE Griffiths2 and MJ Sherratt1 1 Centre for Tissue
Injury and Repair, University of Manchester, Manchester, United Kingdom, 2 Centre for
Dermatology Research, University of Manchester, Manchester, United Kingdom and
3 Wellcome Trust Centre for Cell Matrix Research, University of Manchester, Manchester,
United Kingdom
Fibrillin-rich microfibrils (FRM) exist both as independent tissue components: (i) in the eye
and the skin (papillary dermis) and; (ii) in association with elastic fibres (reticular dermis).
Their loss from the papillary dermis acts as an early biomarker of UV-mediated tissue
remodelling. We have shown previously that FRM ultrastructure is sensitive to solar simulated
radiation. However, it is not known if UV radiation also affects FRM protein composition or
fibrillin-1 structure. The proteomic analysis of many extracellular matrix assemblies is
problematic as their tightly folded structure can mask cleavage sites. In this study we aimed to
develop new specimen preparation methods to characterise the biochemistry of FRMs using
mass spectrometry (MS). We extracted and isolated FRMs from human ocular tissue (n¼3; 55-
77 years) by collagenase IA digestion and size exclusion chromatography. Three methods of
pre-MS sample preparation were compared: i) solubilisation followed by trypsin digestion; ii)
solubilisation followed by elastase digestion and; iii) high temperature ThermoScientific�
SMART Digestion� without prior solubilisation. Samples were run on an Orbitrap� Elite�
LC-MS. Compared to conventional trypsin digestion: i) elastase digestion increased the 1o

amino acid coverage of fibrillin-1 (8% to 38%) and; ii) SMART Digestion� enhanced the
detection of FRM-associated proteins (from 3 to 9). Thus, these novel digestion methods
successfully enhance our ability to characterise the biochemistry of an important dermal
supra-molecular assembly. We are currently applying these techniques in combination with
atomic force microscopy to characterise the biochemistry and ultrastructure of ocular
derived-, skin derived- and cutaneous fibroblast-derived FRMs.
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