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9h30-10h10 P. ELIAS Interactions among stratum corneum defensive
functions

10h10-10h50 D. HOHL Formation of the cornified envelope

10h50-11h30 G. COURTOIS NF-κB in skin homeostasis

11h30-12h10 J-M. SCHRÖDER The role of antimicrobial peptides and proteins in 
keratinocyte defence

12h10         Winners of fellowships
12h30            Cocktail and Lunch

14h00-14h30 S. WERNER Molecular and cellular mechanisms of tissue repair

14h30-15h T. SCHWARZ Biological effects of the UV on keratinocytes and
Langerhans cells

15h-15h30 E. TSCHACHLER Apoptotic pathways in the epidermis

Pause

16h-16h30 I. LEIGH Genetic diseases affecting the epidermis 

16h30-17h H. PFISTER Modifications of keratinocyte functions by Human
Papilloma Viruses
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PHARMACEUTIQUE, L’ORÉAL, L.V.M.H., SCHERING-PLOUGH.

Fondation René Touraine – Hôp. St Louis, Pavillon Bazin, 1, avenue Claude Vellefaux  – 75010 PARIS
Tél : 33 (0)1 53 72 20 60 – Fax : 33 (0)1 53 72 20 61 – e-mail : fondation.r.touraine@stlouis.inserm.fr

www.fondation-r-touraine.org



FONDATION RENE TOURAINE
POUR LA RECHERCHE EN 

DERMATOLOGIE
Reconnue d’utilité publique par décret du Premier Ministre le 23 Août 1991

Peter M. ELIAS, MD   and Eung Ho CHOI, MD:  

INTERACTIONS AMONG STRATUM CORNEUM DEFENSIVE 
FUNCTIONS

Fondation René Touraine – Hôp. St Louis, Pavillon Bazin, 1, avenue Claude Vellefaux  – 75010 PARIS
Tél : 33 (0)1 53 72 20 60 – Fax : 33 (0)1 53 72 20 61 – e-mail : fondation.r.touraine@stlouis.inserm.fr

www.fondation-r-touraine.org



INTERACTIONS AMONG STRATUM CORNEUM DEFENSIVE 
FUNCTIONS

Peter M. Elias, MD
Eung Ho Choi, MD  
Dermatology Service (190) 
VA Medical Center 
4150 Clement street
San Francisco, CA 94121, USA 

Plublished in the issue of Experimental Dermatology, Vol 14 (10), October 2005, (page 719-726).
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FORMATION OF THE CORNIFIED ENVELOPE

Daniel Hohl, MD
Laboratory of Cutaneous Biology
Dermatology CHUV and FBM UNIL
Av. De Beaumont 29
1011 Lausanne, Switzerland

The epidermal barrier constitutes a primordial frontline defense, which is essential for survival. It 
protects our body against biological attacks, water loss, ultraviolet radiation, physical stress and 
chemical  injury.  This  barrier  becomes  established  during  terminal  differentiation  changing 
proliferating keratinocytes to mitotically inactive cells, which move through four epidermal layers 
constantly modulating their proteomic profiles to the needs of the respective cell layer. As a result, 
stratum corneum cells contain polymerized bundles of keratin intermediate filaments in a water-
retaining matrix  surrounded by a cross-linked cornified cell  envelope (CE) with ceramid lipids 
attached on the outer surface. These cells are concomitantly glued by intercellular lipid lamellae and 
are hold together  by corneodesmosmes.  The CE is  a  highly resistant  structure of  10 to 20 nm 
thickness and replaces the plasma membrane in the stratum corneum. The CE contains a complex 
mixture  of  ceramid lipids  and proteins  such  as  involucrin,  loricrin,  small  proline-rich proteins, 
xp5/LCEs,  cystatin  A,  elafin,  S100  family  members  that  are  covalently  cross-linked  by 

transglutaminases (TG) 1, 3 and 5. CE precursor proteins are deposited by Nε-( -glutamyl) lysineγ  
isodipeptide formation in a hierarchical fashion in the cell periphery suggesting tight regulation of 
TG expression and CE precursors. Desmosomes, which mediate intercellular adhesion and transmit 
physical  forces  onto  keratin  intermediate  filaments,  are  the  initiation  sites  of  the  CE  where 
involucrin molecules become first attached to plakins. During this phase and for crosslinkage of 
desmosomal proteins and lipids, TG5 may be essential. This provides the scaffold onto which other 
precursors are deposited to increase mechanical strength, notably loricrin, the most abundant and 
insoluble CE protein. TG1 is the essential enzyme for this phase of CE cross-linkage, and TG1 
deficit is associated with disappearance of the electron dense CE ultrastructure. In parallel, the lipid 
bilayer of the plasma membrane is replaced by ceramids secreted from lamellar bodies (LG), which 
may be related to peroxisomes. LG fuse in the granular layer with the cell membrane to extrude 
their  contents  into  the  intercellular  space  changing  the  granular  layer  into  secretory  cells. 
Alternatively,  LG  may  be  an  artefact  of  conventional  electron-microscopy  and  be  part  of  a 
continuous structure extending from the trans golgi network to the cell surface. At any rate, LG or 
this  tubular  secretory  structure  are  essential  for  barrier  formation  and  desquamation.  Secreted 
ceramid  lipids  become  covalently  bound  to  involucrin  on  the  outer  side  of  the  CE.  Besides 
ceramids, LG contain enzymes, their inhibitors and some of their substrates (e.g. corneodesmosin), 
which  are  crucial  for  tightening  of  the  intercellular  adhesion  and  subsequent  desquamation, 
respectively.

Kalinin,  A.E.,  A.V.  Kajava,  and  P.M.  Steinert.  Epithelial  barrier  function:  assembly  and 
structural features of the cornified cell envelope. Bioessays, 2002. 24: 789-800.
Candi, E., R. Schmidt, and G. Melino. The cornified envelope: a model of cell death in the 
skin. Nat Rev Mol Cell Biol, 2005. 6:328-340.
Dai, X. and J.A. Segre. Transcriptional control of epidermal specification and differentiation. 
Curr Opin Genet Dev, 2004. 14: 485-491.
These three reviews provide excellent overview information on various aspects of the formation of 
the  cornified  cell  envelope  (CE).  The  first  paper  reviews  basic  biochemical  aspects  from  the 
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identification of isodipeptide bond formation and cross linkage by transglutaminases (TG) to details 
on the molecular composition and structural assembly of the CE. The second review integrates more 
recent developments as well as human diseases while the last is concentrated on the transcriptional 
control of CE assembly.

Steinert, P.M. and L.N. Marekov. Initiation of assembly of the cell envelope barrier structure 
of stratified squamous epithelia. Mol Biol Cell, 1999. 10: 4247-4261.
This essential paper sets the basis for a mechanistic understanding of the serial events leading to CE 
formation starting out from cross linkage of involucrin to envoplakin and periplakin molecules. 
During an elongation phase, small proline-rich proteins become attached, which leads to a scaffold 
formation along the entire cell periphery. Ultimately, reinforcement occurs primarily by deposition 
of loricrin.

Huber, M., et al. Mutations of keratinocyte transglutaminase in lamellar ichthyosis. Science, 
1995. 267:525-528.
Huber, M., et al. Consequences of seven novel mutations on the expression and structure of 
keratinocyte transglutaminase. J Biol Chem, 1997. 272: 21018-21026.
These papers provide essential knowledge on the structure function relationship of TG1 in vivo and 
in vitro. There is a spectrum of clinical phenotypes of lamellar ichthyosis, which correlates well 
with enzymatic activity in differentiating cells in vitro and altered structure in three-dimensional 
modeling based on the crystal structure of factor XIIIa. Furthermore, important amino acids in the 
central core of TG1 are identified and show that the CE terminal sequences influence the structural 
and functional integrity of TG1.

Grenard,  P.,  M.K.  Bates,  and  D.  Aeschlimann.  Evolution  of  transglutaminase  genes: 
identification of a transglutaminase gene cluster on human chromosome 15q15. Structure of 
the gene encoding transglutaminase X and a novel gene family member, transglutaminase Z. J 
Biol Chem, 2001. 276: 33066-33078.
This is the ultimate status of vertebrate TG genes. A new cluster is identified on chromosome 15q 
including TG5 and 7 genes for which a detailed genomic analysis is presented.

Candi, E., et al. Expression of transglutaminase 5 in normal and pathologic human epidermis. 
J Invest Dermatol, 2002. 119: 670-677.
This paper provides helpful information on TG5 expression that occurs already in the spinous layer 
of the epidermis. Thus, TG5 may be responsible for the initial cross linkage at desmosomal plaques. 
These observations could explain the particular phenotype caused by the lack of TG5 in the acral 
type of Peeling Skin Syndrome (personal comm. I. Mclean). 

Chidgey,  M.,  et  al.  Mice  lacking  desmocollin  1  show epidermal  fragility  accompanied by 
barrier defects and abnormal differentiation. J Cell Biol, 2001. 155: 821-832.
Along the same lines of thinking, this is an elegant demonstration that desmosomal proteins are also 
essential  for  the  water  barrier.  Desmocollin  1  knock  out  mice  have  a  phenotype  somewhat 
resembling the Peeling Skin Syndrome, which is either due to a lack of either TG5 or LEKTI. In 
combination, these results indirectly suggest that TG5 may be important for initial stages of CE 
formation at desmosomal plaques. 

Backendorf, C. and D. Hohl. A common origin for cornified envelope proteins? Nat Genet, 
1992. 2: 91.
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This is the first identification of sequence homologies between CE precursor proteins encoded by 
genes located on chromosome 1q21. Homologous sequences are found at the amino- and carboxy-
terminus, which may be important for bridging. The genomic structure is conserved as well with 2 
exons  and  the  second  containing  the  entire  ORF.  This  locus  is  now  known  as  "epidermal 
differentiation  complex"  and  includes  also  genes  coding  for  S100  proteins  and  “fused  genes” 
composed of S100 domains and CE precursor sequences.

Koch, P.J., et al. Lessons from loricrin-deficient mice: compensatory mechanisms maintaining 
skin barrier function in the absence of a major cornified envelope protein. J Cell Biol, 2000. 
151: 389-400.
Much to the initial surprise of the investigators, loricrin knock out mice have only a slight erythema 
at birth and develop normally later on. This suggests that there exists a compensatory mechanism to 
backup the lack of loricrin. Indeed, such animals show upregulation of other CE component such as 
SPRR2,  repetin  and  a  novel  subgroup  of  proteins  encoded  by  a  cluster  of  genes  within  the 
epidermal differentiation complex (XP5 or LCEs).

Marshall,  D.,  et  al.  Differentially  expressed  late  constituents  of  the  epidermal  cornified 
envelope. Proc Natl Acad Sci U S A, 2001. 98: 13031-13036.
This is the detailed description of this new family of late CE precursor proteins, LCEs, encoded by 
genes on chromosome 1q21 and showing sequence similarities  primarily  with small  prolin-rich 
proteins. This family corresponds to the mouse genes identified as a backup system in the loricrin 
knock out mice.

Eckert, R.L., et al. S100 proteins in the epidermis. J Invest Dermatol, 2004. 123: 23-33.
This paper reviews studies concentrating on early stages of CE formation and the role of S100 
proteins. In the meantime, we know that S100A7 (psoriasin) is also important for innate defense 
against gram-negative bacteria.

Huber, M., et al. Isolation and characterization of human repetin, a member of the fused gene 
family of the epidermal differentiation complex. J Invest Dermatol, 2005. 124: 998-1007
Makino,  T.,  et  al.  Hornerin,  a  novel  profilaggrin-like  protein  and  differentiation-specific 
marker isolated from mouse skin. J Biol Chem, 2001. 276: 47445-47452.
Contzler, R., et al. Cornulin, a new member of the "fused gene" family, is expressed during 
epidermal differentiation. J Invest Dermatol, 2005. 124: 990-997.
These  papers  together  report  on  several  novel  members  of  the  fused  gene  family,  i.e.  repetin, 
hornerin and cornulin, all of which possess functional Ca++ binding domains at the aminoterminus 
and repetitive sequences in the middle. Their exact functions remain to be elucidated but may be 
related to the one of profilaggrin, the prototype of fused proteins.

Al-Amoudi,  A.,  J.  Dubochet,  and L. Norlen. Nanostructure of  the epidermal extracellular 
space as observed by cryo-electron microscopy of vitreous sections of human skin. J Invest 
Dermatol, 2005. 124:764-777.
Cryo-electron microscopy of vitreous sections reveals exciting novel data on the structure of the 
epidermal barrier. Notably, it provides definite proof that within desmosomes, cadherin molecules 
are straight and regularly spaced. It also describes major changes of the desmosomes up into the 
uppermost  layers  of  the  stratum  corneum  with  a  transition  state  and  a  final  structure  much 
resembling the arrangement  of  cadherin ecto-domains  recently  proposed  by Garrod.  This  study 
points  to  a  new function  of  cadherins  involving  a  direct  interaction  between lipid  and protein 
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domains. From this study, it becomes also evident that apparently closed linear structures cannot 
represent flattened lipid vesicles as described by Landman and thought to correspond to lamellar 
body disks. Using the same technique, these authors have previously also proposed that the trans 
golgi network, the lamellar granules and the intercellular space in the transitional layer between the 
stratum granulosum and the stratum corneum are a part of the same continuous membrane structure 
and thus represent a secretory apparatus. 

Ishida-Yamamoto,  A.,  et  al.  Epidermal  lamellar  granules  transport  different  cargoes  as 
distinct aggregates. J Invest Dermatol, 2004. 122: 1137-1144
Along  the  same  lines  of  thinking,  this  paper  reports  immuno-electron  microscopic  findings 
suggesting  that  different  cargos  such  as  glucosylceramides,  cathepsin  D,  corneodesmosin  and 
kallikreins are individually and sequentially secreted in this complex structure.

Simon, M., et al. Characterization and purification of human corneodesmosin, an epidermal 
basic  glycoprotein associated with corneocyte-specific  modified desmosomes.  J Biol  Chem, 
1997. 272:31770-31776.
Simon,  M.,  et  al.  Refined characterization  of  corneodesmosin  proteolysis  during  terminal 
differentiation of human epidermis and its relationship to desquamation. J Biol Chem, 2001. 
276: 20292-20299.
Caubet, C., et al. Degradation of corneodesmosome proteins by two serine proteases of the 
kallikrein  family,  SCTE/KLK5/hK5 and SCCE/KLK7/hK7.  J  Invest  Dermatol,  2004.  122: 
1235-1244.
These  papers  describe  the  structure  and  cleavage  of  corneodesmosin  by  kallikrein  5  (stratum 
corneum tryptic enzyme) and kallikrein 7 (stratum corneum chymo tryptic enzyme) during late 
stages of epidermal differentiation. It is proposed that this process is a precisely controlled by a 
protease and inhibitor balance.

List,  K.,  et  al.  Loss  of  proteolytically  processed filaggrin caused by epidermal  deletion of 
Matriptase/MT-SP1. J Cell Biol, 2003. 163: 901-910.
This paper extends previous findings on matriptase knock out mice and presents a detailed analysis 
of  its  epidermal  phenotype.  Targeted deletion of  matriptase  leads to  a  loss  of  epidermal  water 
barrier  function  by  regulating  key  steps  in  stratum  corneum  maturation,  that  are  lipid  matrix 
formation, CE morphogenesis and desquamation. Earlier results revealed that matriptase deficiency 
not  only  results  in  disturbed  barrier  function,  but  also  in  thymus and  hair  follicle  defects,  a 
combination of involved structures also found in Netherton's disease. Thus, speculatively matriptase 
may be a target of LEKTI (see below).

Chavanas,  S.,  et  al.  Mutations  in  SPINK5,  encoding  a  serine  protease  inhibitor,  cause 
Netherton syndrome. Nat Genet, 2000. 25: 141-142.
Yang,  T.,  et  al.  Epidermal  detachment,  desmosomal  dissociation,  and  destabilization  of 
corneodesmosin in Spink5-/- mice. Genes Dev, 2004. 18: 2354-2358.
Descargues, P., et al. Spink5-deficient mice mimic Netherton syndrome through degradation 
of desmoglein 1 by epidermal protease hyperactivity. Nat Genet, 2005. 37: 56-65.
These  studies  provide  insight  into  the  cause  and  pathogenesis  of  Netherton's  disease  with  the 
identification of  SPINK 5 mutations reported in the first paper. The reproduction of the disease in 
transgenic mice reveals epidermal protease hyperactivity due to the lack of LEKTI as a cause of 
epidermal  detachment  and  desmosomal  dissociation.  However,  partly  conflicting  results  are 
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observed with abnormal degradation of either corneodesmosin or desmoglein 1, repectively. These 
differences may be due to the mice strains or antibodies used. 

Marekov, L.N. and P.M. Steinert. Ceramides are bound to structural proteins of the human 
foreskin epidermal cornified cell envelope. J Biol Chem, 1998. 273: 17763-17770.
Nemes, Z., et al. A novel function for transglutaminase 1: attachment of long-chain omega-
hydroxyceramides to involucrin by ester bond formation. Proc Natl Acad Sci U S A, 1999. 96: 
8402-8407.
The  first  study  reports  tantalizing  biochemical  and  mass  spectrometric  studies  for  the 
characterization  of  lipopeptides  recovered  after  partial  proteolysis  of  purified  CEs.  It  provides 
ultimate prove that ceramides are covalently bound to involucrin, periplakin and envoplakin. In the 
second  paper,  Peter  Steinert  and  his  group  provided  experimental  evidence  that  TG1  may  be 
responsible for the attachment of ceramids to involucrin by ester bound formation.

Lefevre,  C.,  et  al.  Mutations  in  CGI-58,  the  gene  encoding  a  new  protein  of  the 
esterase/lipase/thioesterase subfamily,  in  Chanarin-Dorfman syndrome.  Am J Hum Genet, 
2001. 69: 1002-1012.
Jobard, F., et al. Lipoxygenase-3 (ALOXE3) and 12(R)-lipoxygenase (ALOX12B) are mutated 
in non-bullous congenital ichthyosiform erythroderma (NCIE) linked to chromosome 17p13.1. 
Hum Mol Genet, 2002. 11: 107-113.
Lefevre, C., et al. Mutations in ichthyin a new gene on chromosome 5q33 in a new form of 
autosomal recessive congenital ichthyosis. Hum Mol Genet, 2004. 13: 2473-2482.
Lefevre,  C.,  et  al.  Mutations  in  the  transporter  ABCA12  are  associated  with  lamellar 
ichthyosis type 2. Hum Mol Genet, 2003. 12: 2369-2378.
Kelsell,  D.P.,  et  al.  Mutations  in  ABCA12  underlie  the  severe  congenital  skin  disease 
harlequin ichthyosis. Am J Hum Genet, 2005. 76: 794-803.
In a series of excellent molecular genetic studies much clinical evidence has accumulated for the 
complexity  and  importance  of  lipid  metabolism  during  epidermal  differentiation.  Some  genes 
identified in autosomal recessive congenital ichthyosis involve proteins with ill defined enzymatic 
functions  in  the  lipid  metabolism.  Very  recently,  the  ABCA12  transporter  was  shown  to  be 
responsible not only for lamellar ichthyosis but also for Harlequin ichthyosis. The detailed functions 
of CGI-58, lipoxygenases, ichthyn and the ABCA12 protein remain to be clarified. 

Furuse,  M.,  et al.  Claudin-based tight junctions are crucial for the mammalian epidermal 
barrier: a lesson from claudin-1-deficient mice. J Cell Biol, 2002. 156: 1099-1111.
Hadj-Rabia, S., et al. Claudin-1 gene mutations in neonatal sclerosing cholangitis associated 
with ichthyosis: a tight junction disease. Gastroenterology, 2004. 127: 1386-1390.
These are superb studies revealing the function of tight junctions in the epidermis. Previously, the 
existence  of  tight  junctions  in  the  epidermis  has  been  largely  neglected.  However,  claudin-1 
deficient mice reveal that these structures are crucial for the maintenance of the epidermal water 
barrier.  In  the  second  paper,  claudin-1  mutations  are  identified  in  a  rare  variant  of  ichthyosis 
associated with neonatal cholangitis, providing proof that tight junctions are equally important for 
human epidermis.

Park,  G.T.,  et  al.  Suprabasin,  a  novel  epidermal  differentiation  marker  and  potential 
cornified envelope precursor. J Biol Chem, 2002. 277: 45195-45202.
Oomizu, S., et al. Kdap, a novel gene associated with the stratification of the epithelium. Gene, 
2000. 256: 19-27.

Fondation René Touraine – Hôp. St Louis, Pavillon Bazin, 1, avenue Claude Vellefaux  – 75010 PARIS
Tél : 33 (0)1 53 72 20 60 – Fax : 33 (0)1 53 72 20 61 – e-mail : fondation.r.touraine@stlouis.inserm.fr

www.fondation-r-touraine.org



Matsui, T., et al. Identification of novel keratinocyte-secreted peptides dermokine-alpha/-beta 
and  a  new  stratified  epithelium-secreted  protein  gene  complex  on  human  chromosome 
19q13.1. Genomics, 2004. 84: 384-397.
Moffatt, P., et al. Identification of a conserved cluster of skin-specific genes encoding secreted 
proteins. Gene, 2004. 334: 123-131.
Together,  these  papers  report  on  a  conserved  cluster  of  genes  on  human chr.  19q13 encoding 
secreted proteins expressed during late  epidermal  differentiation.  It  is  intriguing that  this  novel 
group  of  secreted  proteins  on  chr.  19  has  sequence  similarities  with  CE  precursor  proteins. 
However,  their  precise  function  remains  to  be  clarified.  Proteins  known  to  be  secreted  by 
keratinocytes are rapidly growing in number and include inhibitors of serine or cysteine proteinases 
such as SKALP/elafin,  secretory  leucocyte protein inhibitor,  LEKTI,  cystatine  A and M/E and 
plasminogen activator inhibitor type 2, antimicrobial peptides such as defensins and cathelicidins. 
Furthermore it is well known that keratinocytes secrete cytokines and growthfactors such as IL-1, -6
, -18, TNF-a, TGF-b and several FGF family members. 

Fischer,  J.,  et  al.  Mutations in the gene encoding SLURP-1 in Mal de Meleda. Hum Mol 
Genet, 2001. 10: 875-880.
Chimienti, F., et al. Identification of SLURP-1 as an epidermal neuromodulator explains the 
clinical phenotype of Mal de Meleda. Hum Mol Genet, 2003. 12: 3017-3024.
Similarly, a novel cluster of genes is localized on chr. 8q24 and encodes LY-6/PLAUR proteins, 
some of which are expressed in the epidermis  and partly  secreted.  LY-6/PLAUR members  are 
characterized by a conserved structure with a distinct disulfide bonding pattern between 10 cysteine 
residues and the presence of a consensus motif CCX4C. leading to a three-finger folding in a snake 
toxin-like form. Most of these proteins are glycosyl-phosphatidylinositol (GPI)-anchored but few, 
such as SLURP-1, are secreted. SLURP-1 is mutated in Mal de Meleda and was shown to modulate 
acetylcholine (Ach) responses in frog eggs transfected with the Ach Receptor a7.

Koster,  M.I.,  et  al.  p63 is the molecular switch for initiation of an epithelial  stratification 
program. Genes Dev, 2004. 18: 126-131.
Wang, X.J., et al. Expression of a dominant-negative type II transforming growth factor beta 
(TGF-beta) receptor in the epidermis of transgenic mice blocks TGF-beta-mediated growth 
inhibition. Proc Natl Acad Sci U S A, 1997. 94: 2386-2391.
The  regulation  epidermal  barrier  and  CE  formation  is  highly  complex  and  involves  several 
hierarchical  levels  of  signal  transmission.  A  master  switch  required  for  initiation  of  epithelial 
stratification is p63. Also required for growth inhibition and initiation of differentiation is TGF-
b/Activin/Smad signaling.  Indeed, both pathways appear  to  cooperate:  p63 regulates the IKK-a 
promoter, and independent of its role in the NFkB pathway, IKK-a acts together with Smad2/3 
proteins  in  the  same transcriptional  complex  to  control  Mad transcription  and  counteract  Myc 
(personal comm. M Karin and D Roop).

Segre, J.A., C. Bauer, and E. Fuchs. Klf4 is a transcription factor required for establishing the 
barrier function of the skin. Nat Genet, 1999. 22: 356-360.
Attar, P.S., et al. Inhibition of retinoid signaling in transgenic mice alters lipid processing and 
disrupts epidermal barrier function. Mol Endocrinol, 1997. 11: 792-800.
These  papers  establish  Klf4  and  retinoid  acid  nuclear  receptors  as  factors  essential  for  the 
maintenance of the epidermal water barrier. The SPRR2 promoter has a functional Klf4 binding 
site.
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Wakabayashi, N., et al. Keap1-null mutation leads to postnatal lethality due to constitutive 
Nrf2 activation. Nat Genet, 2003. 35: 238-245.
Ting, S.B., et al. A homolog of Drosophila grainy head is essential for epidermal integrity in 
mice. Science, 2005. 308: 411-413.
machinery important for barrier formation. The first paper deals with Nrf2 a transcription factor 
binds to ARE sequences and is essential for phase 2 detoxifying and deoxidating reactions. Keap1 is 
located in the cytoplasm and retains Nrf2 from entering the nucleus. In the model presented, the 
Nrf2  pathway  is  constitutively  activated  by  deletion  of  Keap1  resulting  in  lethal  and  massive 
oesophageal hyperkeratosis. In silico and experimental analysis reveal that several keratin and CE 
precursor genes are direct transcriptional targets of Nrf2. In the second paper convincing evidence is 
presented that the family of Grainy head transcription factors expressed in fly epidermis are not 
only important for formation of the fly cuticle but equally responsible for proper formation of the 
epidermal barrier in vertebrates. In fact, Grainy head like transcription factors in mice drive directly 
and transcriptionally the TG1 gene.

Pradervand, S., et al. Small proline-rich protein 1A is a gp130 pathway- and stress-inducible 
cardioprotective protein. Embo J, 2004. 23: 4517-4525.
In  a  break trough paper  reporting on profiling of  laser  captured intestinal  epithelia  exposed to 
bacteria, a surprising novel function of SPRR2A has been identified. Several follow up papers in 
diverse tissues reveal rapid SPRR induction following diverse insults. Similarly, the second paper 
reports on SPRR1A and 2A upregulation in response to biomechanical/ischemic stress in the heart. 
Upregulation  of  SPRR1A and  2A was  markedly  reduced  in  the  gp130  knockout  mice.  gp130 
receptor pathways transmit the cardioprotective effects of IL-6 cytokines. Excitingly, both in vitro 
and in vivo ectopic overexpression of SPRR1A protected cardiomyocytes against ischemic injury. 
Thus, it  appears that oxidative stress following wounding is a key trigger for SPRR expression, 
which by itself counteracts directly oxidative stress. In fact, not only SPRRs but also LCEs and 
loricrin have high cysteine contents, and thus may have scavenging potential and protect us from 
oxidative stress. It should be remembered that SPRRs were cloned twenty years ago by substraction 
after exposure of keratinocytes to UV light.
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NF-κB IN SKIN HOMEOSTASIS

Gilles Courtois, PhD
INSERM U697
Hopital Saint-Louis
Institut de Recherche sur la Peau
1 avenue Claude Vellefaux
75010 ParisFrance

The NF-κB signaling pathway plays an essential role in inflammation, immune response, cell cycle 
control and protection against apoptosis. In resting cell, transcription factor NF-κB is kept inactive 
in  the  cytoplasm,  associated  with  its  inhibitor  IκB.  Upon  stimulation,  IκΒ is  phosphorylated, 
ubiquitinated  and degraded by the  proteasome.  This  allows  free  NF-κB to  translocate  into the 
nucleus and to regulate its target genes. The kinase responsible for IκB phosphorylation, IKK, is 
composed of  two catalytic  subunits,  IKK-1/IKK-α and  IKK-2/IKK-β,  and  a  regulatory subunit 
NEMO/IKK-γ. 
Our  work  has  identified  the  first  human genetic  disease  that  results  from NF-κB dysfunction, 
incontinentia pigmenti. This X-linked pathology, which is mostly characterized by a severe skin 
inflammation  that  occurs  soon  after  birth,  is  caused  by  loss-of-function  mutations  of  NEMO. 
Another  genetic  disease,  that  combines  a  severe  immunodeficiency  with  anhidrotic  ectodermal 
dysplasia  (EDA-ID),  results  from hypomorphic mutations of  NEMO or  IκBα. Finally,  we have 
demonstrated that CYLD, the gene responsible for familial cylindromatosis, a cancer characterized 
by tumors developing from skin appendages, codes for a NEMO-interacting protein that behaves as 
a negative regulator of NF-κB signaling. The discovery and characterization of the NF-κB-related 
diseases described above has confirmed and extended the view that NF-κB plays a critical role in 
skin homeostasis and development.

Seitz C.S. et al. Alterations in NF-κB Function in Transgenic Epithelial Tissue Demonstrate a 
Growth Inhibitory Role for NF-κB. Proc Natl Acad Sci U S A. 1998, 95: 2307-2312.
The first  demonstration that  perturbed NF-κB signaling in the epidermis results  in keratinocyte 
hyper-proliferation and skin inflammation. The authors have specifically expressed in the epidermis 
a non-degradable form of IκBα that blocks NF-κB activation.

Smahi A. et al. Genomic Rearrangement in NEMO Impairs NF-κB Activation and is a Cause 
of Incontinentia Pigmenti. Nature, 2000, 405: 466-472.
The first identification of a human genetic disease caused by NF-κB dysfunction. A recurrent gene 
deletion was observed in 80% of IP families.  As a consequence, an inactive form of NEMO is 
synthesized,  the  NF-κB  activation  process  is  totally  abolished  and  the  IP  cells  exhibit  a  high 
sensitivity to pro-apoptotic agents, such as TNF.

Makris  C.  et  al.  Female  Mice  Heterozygous  for  IKKγ/NEMO  Deficiencies  Develop  a 
Dermatopathy Similar to the Human X-linked Disorder  Incontinentia  Pigmenti. Mol Cell. 
2000, 5: 969-979.
Schmidt-Supprian M. et al. NEMO/IKKγ-Deficient Mice Model Incontinentia Pigmenti. Mol. 
Cell, 2000, 5: 981-992.
These two papers describe the phenotype of NEMO KO mice which appears very similar to the one 
of IP patients.
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Döffinger  R.  et  al.  X-linked  Anhidrotic  Ectodermal  Dysplasia  with  Immunodeficiency  is 
Caused by Impaired NF-κB Signaling. Nature Genet. 2001, 27: 277-287. 
Zonana  J.  et  al.  A  Novel  X-linked  Disorder  of  Immune  Deficiency  and  Hypohidrotic 
Ectodermal Dysplasia is  Allelic  to  Incontinentia  Pigmenti  and Due to Mutations in IKK-γ 
(NEMO). Am J Hum Genet., 2000, 67: 1555-1562.
Jain A. et al.  Specific  Missense Mutations in NEMO Result  in Hyper-IgM Syndrome with 
Hypohydrotic Ectodermal Dysplasia. Nat Immunol., 2001, 2: 223-228. 
These  three  papers  report  the  identification  of  the  pathology  caused  by  hypomorphic  NEMO 
mutations, EDA-ID. Besides suffering from a very severe immunodeficiency, mostly resulting from 
an impaired innate immune response, EDA-ID patients also exhibit anhidrotic ectodermal dysplasia. 
Döffinger  R  et  al.  demonstrated  that  NF-κB,  is  indeed  activated,  through  NEMO,  in  the 
ectodysplasin/EDAR pathway that specifically controls the development of skin appendages.

Courtois  G.  et  al.  A Gain-of-Function  Mutation of  IκBα is  Associated with an Autosomal 
Dominant Form of Anhidrotic Ectodermal Dysplasia with Severe T Cell Immunodeficiency. J. 
Clin. Invest. 2003, 112: 1108-1115.
The first identification of an EDA-ID patient mutated in the IκBα gene.. The mutation affects Ser32, 
one  of  the  two  Serine  residues  that  are  normally  phosphorylated  by  IKK  during  the  NF-κB 
activation process. In contrast to NEMO-related EDA-ID patients, the IκBα mutation is associated 
with an impaired proliferation of T lymphocyte, causing a loss of memory T cells. 

Pasparakis  M.  et  al.  TNF-Mediated  Inflammatory  Skin  Disease  in  Mice  with  Epidermis-
Specific Deletion of IKK2. Nature, 2002, 417: 861-866.
Another mouse model of incontinentia pigmenti. In this case, IKK-2, the catalytic subunit of IKK, 
has been specifically invalidated in the epidermis. The mice develop soon after birth a dermatosis 
that share many features with IP dermatosis. Interestingly, all the signs of the disease, among them a 
severe inflammation associated with keratinocyte hyperproliferation, can be eliminated by crossing 
the mice with TNF-R (-/-) mice, demonstrating the essential role played by TNF in their appearance.

Bignell G. R. et al.  Identification of the Familial Cylindromatosis Tumour-Suppressor Gene. 
Nat Genet., 2000, 25: 160-165.
The identification of CYLD as the gene causing familial cylindromatosis.

Trompouki E. et al. CYLD is a Deubiquitinating Enzyme that Negatively Regulates NF-κB 
Activation by TNFR Family Members. Nature, 2003, 424: 793-796.
Brummelkamp T.R. et al. Loss of the Cylindromatosis Tumour Suppressor Inhibits Apoptosis 
by Activating NF-κB. Nature, 2003, 424: 797-801.
Kovalenko A. et al. The Tumor Suppressor CYLD Negatively Regulates NF-κB Signalling by 
Deubiquitination. Nature, 2003, 424: 801-805.
These  three  papers  report  the  identification  of  CYLD  as  a  new  negative  regulator  of  NF-κB 
signaling. They also demonstrate that CYLD is a member of the deubiquitinase family that turns off 
IKK activation through deubiquitination.

Courtois G. The NF-κB Signaling Pathway in Human Genetic Diseases. Cell. Mol. Life Sci. 
2005, 62: 1682-1691.
The most recent review compiling the various genetic diseases caused by NF-κB dysfunction and 
describing their genetic basis.
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THE ROLE OF ANTIMICROBIAL PEPTIDES AND PROTEINS IN 
KERATINOCYTE DEFENCE

Jens-Michael Schröder, PhD
Clinical Research Unit
Department of Dermatology
University Hospital Kiel
Schittenhelmstrasse 7
24105 Kiel, Germany

Healthy  human skin is  always covered  with microorganisms,  but  usually  not  infected.  This  in 
principle unexpected phenomenon together with the observation that microbe densities are rather 
constant at skin surfaces led to the hypothesis, that skin apart from the physical barrier contains also 
a  “chemical  barrier”,  which  may  control  growth  of  microorganisms  at  body  surfaces.  Recent 
investigations have shown that human skin contains innate defense effector molecules - like animals 
and  plants,  which  belong  to  different  molecule  families  such  as  defensins,  cathelicidins,  S100 
proteins, RNases or protease inhibitors.
Some of these antimicrobial peptides and proteins are constitutively produced by keratinocytes; 
others are only inducibly expressed in these cells and therefore characterized by its rather focal and 
site-dependent  production and release.  Antibiotic  activity  of  these antimicrobial  peptides  varies 
from more selective to rather broad-spectrum antibiotics. Therefore it might be that the local pattern 
and  concentrations  of  particular  proteinaceous antibiotics  determine  the  spectrum of  local  skin 
microflora as well as the number of microorganisms.
Although inducible antibiotic peptides are always found upon inflammation, there is now upcoming 
evidence,  that  antimicrobial  peptides  might  also  be  induced  in  the  absence  of  inflammatory 
mediators, either by bacterial products or endogenous cytokines.
It remains to be elucidated, which compounds are responsible for induction of “epithelial effector 
molecules”  and  whether  it  is  possible  to  enhance  the  “chemical  barrier”  of  human  skin  thus 
preventing skin infection by stimulating this innate epithelial defense shield.  

Zasloff  M.  Magainins,  a  class  of  antimicrobial  peptides  from  Xenopus skin:  isolation, 
characterization of two active forms, and partial cDNA sequence of a precursor.Proc Natl 
Acad Sci U S A 1987: 84: 5449-5453. 
This is the first demonstration of antimicrobial peptides in vertebrate skin showing that frog skin is 
secreting antimicrobial peptides termed “Magainins” and thus explaining, why  freshly surgically 
treated frogs usually don’t suffer from skin infections.

Frohm M, Agerberth B, Ahangari G, Stahle-Backdahl M, Liden S, Wigzell H, Gudmundsson 
GH. The expression of  the  gene coding for  the  antibacterial  peptide  LL-37 is  induced in 
human keratinocytes during inflammatory disorders. J Biol Chem 1997: 272:15258-15263. 
This  is  the  first  demonstration  that  the  cathelicidin  C-terminal  antimicrobial  peptide  LL-37, 
originally discovered in granulocytes, was found to be produced by keratinocytes. Further, it  is 
demonstrated  up-regulation  of  this  human  cathelicidin  gene  in  inflammatory  skin  disorders, 
whereas in normal skin no induction was found.

Harder J, Bartels J, Christophers E, Schröder JM. A peptide antibiotic from human skin. 
Nature 1997: 387: 861-861. 
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This study describes the discovery of human beta-defensin-2 in psoriatic  scale extracts using a 
unique  strategy  of  bacterial  affinity  chromatography  and  gram-negative  antimicrobial  activity 
testing as read-out. HBD-2 represents the first human epithelial peptide antibiotic that is induced by 
proinflammatory cytokines and by contact with bacteria. Further, it is also shown that HBD-2 is 
active  against  gram-negative  bacteria,  but  not  S.  aureus suggesting  it  to  be  a  preferentially 
gramnegative bacteria controlling epithelial effector molecule.

Harder J, Bartels J, Christophers E, Schröder JM. Isolation and characterization of human 
beta -defensin-3, a novel human inducible peptide antibiotic. J Biol Chem 2001: 276:5707-
5713. 
Here the isolation and purification of human beta-defensin-3 from psoriatic scale extracts by using 
S.  aureus antimicrobial  activity  testing  as  read-out  as  well  as  molecular  cloning  of  HBD-3  is 
described. HBD-3 represents the second human epithelial peptide antibiotic that needs to be induced 
in keratinocytes, i.e. by proinflammatory cytokines and by contact with bacteria, in particular a 
mucoid clinical isolate of  P. aeruginosa. In contrast to HBD-2, HBD-3 was found to be a broad 
spectrum peptide antibiotic with activity also against antibiotic resistant bacteria. This study also 
contains  ultrastructural  analyses  showing  that  the  morphology  of  HBD-3-treated  S.  aureus 
resembles that of penicillin-treated S. aureus.

Harder J, Schröder JM. RNase 7, a novel innate immune defense antimicrobial protein of 
healthy human skin. J Biol Chem 2002: 277: 46779-46784. 
This is the first report about biochemical analysis of healthy person’s stratum  corneum extracts for 
S. aureus-killing peptides and the discovery of a novel antibiotic protein termed RNase 7 in healthy 
skin. Like HBD-2 and HBD-3 it is also inducible by proinflammatory cytokines and contact with 
bacteria, in particular again with a mucoid clinical isolate of P. aeruginosa. RNase 7 was found to 
be a broad spectrum antibacterial protein at low micromolar concentrations, which remarkably is 
active at nanomolar concentrations against a Vancomycin-resistant E. faecium. 

Gläser  R,  Harder  J,  Lange  H,  Bartels  J,  Christophers  E,  Schröder  JM.  Antimicrobial 
psoriasin (S100A7) protects human skin from Escherichia coli infection. Nat Immunol 2005: 
6:57-64. 
This is a landmark report showing that healthy human skin secretes a disinfectant which the authors 
identified as the S100-protein psoriasin. This protein preferentially kills  E. coli by depriving Zinc 
ions and protects human skin from  E. coli skin infection thus giving an explaination, why skin 
infection by E. coli is so rare. It descibes that application of neutralizing anti-psoriasin antibodies to 
healthy skin abolishes E. coli-resistance and presents for the first time evidence that human proteins 
have antibiotic effects in humans in vivo. The observation that Psoriasin can be induced in vivo and 
in vitro by bacterial products might explain the site-specific local surface psoriasin-release, the focal 
expression of psoriasin in Malpighian layer of the epidermis. Its expression in sebocytes would 
explain the presence of psoriasin in skin lipids.

Ali RS, Falconer A, Ikram M, Bissett CE, Cerio R, Quinn AG. Expression of the peptide 
antibiotics human beta defensin-1 and human beta defensin-2 in normal human skin. J Invest 
Dermatol 2001: 117:106-111. 
In this study it is demonstrated that human beta defensin-1 mRNA is consistently expressed in skin 
samples from various body sites, whereas human beta defensin-2 expression is more variable. It 
further shows that  immunoreactive HBD-1 and -2 are localized to the Malpighian layer  of  the 
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epidermis and/or stratum corneum and that there are interindividual and site-specific differences in 
intensity of immunostaining and the pattern of peptide localization. 

Oren A,  Ganz T, Liu L, Meerloo T.  In human epidermis,  beta-defensin 2 is  packaged in 
lamellar bodies. Exp Mol Pathol 2003: 74:180-182.
This ultrastructural study shows that HBD-2 is packaged in lamellar bodies and might be released 
upon differentiation.

Yang D, Chertov O, Bykovskaia SN, Chen Q, Buffo MJ, Shogan J, Anderson M, Schröder 
JM,  Wang JM, Howard OM, Oppenheim JJ.  Beta-defensins:  linking innate and adaptive 
immunity through dendritic and T cell CCR6. Science 1999: 286:525-528. 
Here it is shown that human beta-defensins are also chemotactic for immature dendritic cells and 
memory  T  cells.  Human  beta-defensin  was  reported  to  be  selectively  chemotactic  for  cells 
expressing human CCR6, a chemokine receptor preferentially expressed by immature dendritic cells 
and memory T cells. These observations indicate that beta-defensins may promote adaptive immune 
responses by recruiting dendritic and T cells to the site of microbial invasion through interaction 
with CCR6.

Liu AY,  Destoumieux D,  Wong AV, Park CH, Valore  EV,  Liu L,  Ganz T.  Human beta-
defensin-2 production in keratinocytes is regulated by interleukin-1, bacteria, and the state of 
differentiation. J Invest Dermatol 2002:118:275-281. 
In this  study it  was shown that expression of HBD-2 peptide by human keratinocytes required 
differentiation of the cells as well as a cytokine or bacterial stimulus. IL-1 alpha, IL-1beta, or live 
Pseudomonas  aeruginosa proved  to  be  the  most  effective  stimuli  whereas  other  bacteria  and 
cytokines had little or no ability to induce human HBD-2 synthesis. 

Sorensen OE, Cowland JB,  Theilgaard-Monch K, Liu L,  Ganz T,  Borregaard N.  Wound 
healing  and  expression  of  antimicrobial  peptides/polypeptides  in  human  keratinocytes,  a 
consequence of common growth factors. J Immunol 2003: 170:5583-5589. 
The authors of this study found, that the growth factors important in wound healing, insulin-like 
growth factor I and TGF-alpha, induce the expression of the antimicrobial peptides/polypeptides 
human  cationic  antimicrobial  protein  hCAP-18/LL-37,  HBD-3,  neutrophil  gelatinase-associated 
lipocalin, and secretory leukocyte protease inhibitor in human keratinocytes. These findings offer an 
explanation for the expression of these peptides/polypeptides in psoriasis and in wound healing and 
define a host defense role for growth factors in wound healing.

Sorensen OE, Thapa DR, Rosenthal A, Liu L, Roberts AA, Ganz T. Differential Regulation of 
-Defensin Expression in Human Skin by Microbial Stimuli. J Immunol 2005: 174: 4870-4879.β  

This study analyzed the molecular links between infection and the expression of HBD-1, HBD-2, 
and HBD-3 in the human epidermis. Exposure of both monocytes and lymphocytes to microbe-
derived molecules stimulated the epidermal ß-defensin-expression. Whereas the induced expression 
of HBD-3 was mediated by transactivation of the epidermal growth factor receptor, the mechanisms 
of induction of HBD-1 and HBD-3 were reported to be distinct from each other and from the IL-1-
dependent induction of HBD-2 expression, suggesting that epidermal expression of beta-defensins 
is mediated by at least three different mechanisms.
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Harder J, Meyer-Hoffert U, Teran LM, Schwichtenberg L, Bartels J, Maune S, Schröder JM. 
Mucoid Pseudomonas aeruginosa, TNF-alpha, and IL-1beta, but not IL-6, induce human beta-
defensin-2 in respiratory epithelia. Am J Respir Cell Mol Biol 2000: 22:714-721. 
This report  indicates that a mucoid (biofilm-forming) phenotype of PA, but not nonmucoid PA 
strains, TNF-alpha, and IL-1beta, but not IL-6, induce HBD-2 at low numbers in various epithelial 
cell-types.  The  finding  that  only  excessively  high  concentrations  (>  10  microg/ml)  of  PA 
lipopolysaccharide preparation can induce HBD-2 indicate a minor – if any direct role of TLR-4 in 
ß-defensin-induction.  This  report  also  revealed  that  the  HBD-2 gene  promoter  region  contains 
several putative transcription factor binding sites, including nuclear factor (NF) kappaB, activator 
protein (AP)-1, AP-2, and NF-IL-6.

Wolk K, Kunz S, Witte E, Friedrich M, Asadullah K, Sabat R. IL-22 increases the innate 
immunity of tissues. Immunity 2004: 21:241-254. 
Here it is shown for the first time, that the TH1 cytokine IL-22, which belongs to the IL-10-family, 
but does not serve the communication between immune cells, directly promotes the induction of ß-
defensins in keratinocytes and thus promotes innate epithelial defense in barrier tissues.

Harder J, Meyer-Hoffert U, Wehkamp K, Schwichtenberg L, Schröder JM. Differential gene 
induction of human beta-defensins (hBD-1, -2,  -3,  and -4) in keratinocytes is  inhibited by 
retinoic acid. J Invest Dermatol 2004: 123:522-529. 
This investigation compares the gene expression of the four beta-defensins hBD-1- 4 in primary 
cultured  keratinocytes  during  Ca(2+)-induced  differentiation  and  demonstrates  a  complete 
abolished  inducible  beta-defensin-expression  when  the  keratinocytes  were  pre-treated  with  all-
trans-retinoic  acid  (RA).  Similar  findings  were  observed  with  proinflammatory  cytokines  as 
defensin-inducer. These findings indicate that RA is a potent inhibitor of beta-defensin induction in 
keratinocytes and might downregulate the inducible innate chemical defense system of human skin.

Nizet  V,  Ohtake  T,  Lauth  X,  Trowbridge  J,  Rudisill  J,  Dorschner  RA,  Pestonjamasp V, 
Piraino J, Huttner K, Gallo RL. Innate antimicrobial peptide protects the skin from invasive 
bacterial infection. Nature 2001: 414:454-457. 
Several antimicrobial peptides are easily inactivated and have diverse cellular effects in vitro. Due 
to a lack of in vivo studies for long time it remained speculative, whether antimicrobial peptides act 
in vivo as antimicrobial agents. In this study the function of CRAMP, a murine equivalent of human 
LL-37, was investigated in a mouse model of cutaneous infection. It is shown that cathelicidins are 
an important native component of innate host defence in mice which provide protection against 
necrotic skin infection caused by Group A Streptococcus (GAS). This is the first demonstration that 
antimicrobial  peptides  have protective effects  in  vivo.  of  antimicrobial  peptides is  brought  into 
question by observations  that  several  of  these  peptides  are  easily  inactivated  and have  diverse 
cellular effects that are distinct from antimicrobial activity demonstrated in vitro. 

Ong PY, Ohtake T, Brandt C, Strickland I, Boguniewicz M, Ganz T, Gallo RL, Leung DY. 
Endogenous antimicrobial peptides and skin infections in atopic dermatitis. N Engl J Med 
2002: 347:1151-1160. 
In this study the levels of expression of LL-37 and human beta-defensin 2 in inflamed skin from 
patients with atopic dermatitis and from those with psoriasis were compared.  Whereas abundant 
LL-37 and HBD-2 immunostaining was detected in the superficial epidermis of all patients with 
psoriasis,  significantly decreased amounts of these peptides were detected in acute and chronic 
lesions from patients with atopic dermatitis. These findings support the hypothesis that deficiency 
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in the expression of antimicrobial peptides may account for the susceptibility of patients with atopic 
dermatitis to skin infection with S. aureus.

Nomura  I,  Goleva  E,  Howell  MD,  Hamid  QA,  Ong  PY,  Hall  CF,  Darst  MA,  Gao  B, 
Boguniewicz M, Travers JB, Leung DY. Cytokine milieu of atopic dermatitis, as compared to 
psoriasis,  skin  prevents  induction  of  innate  immune  response  genes.  J  Immunol  2003: 
171:3262-3269. 
Patients with atopic dermatitis (AD), but not psoriasis, suffer from frequent skin infections. This 
study tried to analyse the molecular basis for this phenomenon using GeneChip microarrays. Here a 
decreased expression HBD-3 was demonstrated. The finding that IL-13 and IL-4 inhibited induced 
HBD-3 production, supports the idea that a decreased expression of antimicrobial genes occurs as 
the result of local up-regulation of Th2 cytokines. These observations could explain the increased 
susceptibility  of  AD  skin  to  microorganisms,  and  might  explain  the  mechanism  for  frequent 
infection in other Th2 cytokine-mediated diseases.

Marchini  G,  Lindow  S,  Brismar  H,  Stabi  B,  Berggren  V,  Ulfgren  AK,  Lonne-Rahm  S, 
Agerberth B, Gudmundsson GH. The newborn infant is protected by an innate antimicrobial 
barrier: peptide antibiotics are present in the skin and vernix caseosa. Br J Dermatol 2002: 
147:1127-1134. 
This study describes that vernix caneosa contains some antimicrobial peptides. Furthermore, also in 
healthy  newborn  infants  antimicrobial  peptides  were  found  indicating  effective  innate  immune 
protection already during fetal and neonatal life. 

Harder J, Schröder JM. Psoriatic scales: a promising source for the isolation of human skin-
derived antimicrobial proteins. J Leukoc Biol 2005: 77:476-486. 
This report summarizes our current knowledge about antimicrobial peptides and proteins that have 
been isolated from psoriatic scale extracts using a biochemical approach and antimicrobial activity 
testing  as  read-out.  It  gives  an  overview  about  quantitative  relationship  of  the  yet  identified 
antimicrobial peptides and proteins of keratinocyte origin.
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MOLECULAR AND CELLULAR MECHANISMS OF TISSUE REPAIR

Sabine Werner, PhD
Institute of Cell Biology
ETH Zürich
Hönggerberg
8093 Zürich, Switzerland

Injury to adult tissues initiates a series of events, which finally lead to at least partial reconstruction 
of the injured body site. Whereas complete regeneration can occur in a few tissues, including the 
liver, repair of most organs is imperfect and results in scar formation with functional impairments. 
In addition, there are many conditions in humans, which are associated with impaired tissue repair, 
including old age, steroid treatment and several diseases such as diabetes and cancer. Therefore, 
there is a strong need to improve the healing process. It is the goal of our work to elucidate the 
molecular and cellular  mechanisms underlying normal and impaired repair,  and to identify and 
functionally  characterize  the  genes  and  their  products,  which  orchestrate  repair  processes.  To 
achieve  these goals,  we use functional  genomics,  primary cell  culture systems,  and genetically 
modified  mice.  Collaboration with clinical  partners  and with  industry  will  help to  transfer  our 
research results into clinical practice.

Sabine Werner, Hans Smola, Xiang Liao, Michael T. Longaker, Thomas Krieg, Peter Hans 
Hofschneider and Lewis T. Williams. The role of KGF in morphogenesis of epithelium and re-
epithelialization of wounds. Science 1994: 266: 819-822.
This is the first publication that describes the use of transgenic mice to study the function of a gene 
during wound healing. By over-expression of a dominant-negative fibroblast growth factor receptor 
mutant in the epidermis of transgenic mice we demonstrate that fibroblast growth factor receptor 
signaling is important for skin morphogenesis and wound reepithelialization.

Heike  Steiling,  Torsten  Wüstefeld,  Philippe  Bugnon,  Maria  Brauchle,  Reinhard  Fässler, 
Christiane  Born-Berclaz,  Daniel  Teupser,  Joachim  Thiery,  Jeffrey  I.  Gordon,  Christian 
Trautwein, and Sabine Werner. FGF receptor signalling is crucial for liver homeostasis and 
regeneration. Oncogene 2003: 22: 4380-4388.
To determine if fibroblast growth factor signaling is also important for repair of epithelial tissues 
other than the skin (see Ref.1), we expressed a dominant-negative fibroblast growth factor receptor 
mutant in hepatocytes of transgenic mice. In this paper we demonstrate that blockade of fibroblast 
growth factor receptor signaling in the liver results in the development of fatty liver in old animals. 
Most importantly, liver regeneration after partial hepatectomy was strongly impaired, demonstrating 
the general role of fibroblast growth factors and their receptors in epithelial repair processes. 

Susanne Braun, Christine Hanselmann, Marcus Gassmann, Ulrich auf dem Keller, Christiane 
Born-Berclaz, Kaimin Chan, Yuet Wai Kan, and Sabine Werner. Nrf2 transcription factor: A 
novel  target  of  keratinocyte  growth factor  action  which regulates  gene  expression during 
cutaneous wound healing. Mol. Cell. Biol. 2002: 22: 5492-5505.
In this study we identified the Nrf2 transcription factor as a novel target of the epithelial mitogen 
keratinocyte growth factor. Nrf2 is a key player in the cellular stress response. This might be of 
particular importance during wound healing, where large amounts of reactive oxygen species are 
produced as a defense against invading bacteria. Therefore, we studied the wound repair process in 
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Nrf2 knockout mice. Our results reveal that Nrf2 regulates inflammation and gene expression in 
wounded skin. However, this did not result in major histological abnormalities. The normal healing 
rate appears to be at least partially due to an up-regulation of the related Nrf3 transcription factor in 
the wound epidermis, suggesting that both Nrf2 and Nrf3 may regulate the repair process.

Irmgard  S.  Thorey,  Johannes  Roth,  Johannes  Regenbogen,  Jörn-Peter  Halle,  Michaela 
Bittner,  Thomas  Vogl,  Susanne  Kaesler,  Philippe  Bugnon,  Birgit  Reitmaier,  Silke  Durka, 
Anja Graf, Mandy Wöckner, Norman Rieger, Eckhard Wolf, Andreas Goppelt, and Sabine 
Werner.  The  Ca2+-binding  proteins  S100A8  and  S100A9  are  encoded  by  novel  injury-
regulated genes. J. Biol. Chem. 2001: 276: 35818-35825.
In this study we performed a large-scale screen to identify novel injury-regulated genes. Two of 
these  genes  encode  the  calcium  binding  proteins  S100A8  and  S100A9,  which  are  strongly 
expressed in inflammatory cells and in suprabasal keratinocytes of the hyperproliferative wound 
epidermis. The results described in this paper together with previously published data suggest that 
S100A8 and S100A9 are  novel  players  in  wound repair,  where  they  might  be  involved in  the 
reorganization of the keratin  cytoskeleton in  the wounded epidermis,  in  the chemoattraction of 
inflammatory cells and/or in the defense against microorganisms.  

Barbara Munz, Hans Smola, Felix Engelhardt, Kerstin Bleuel, Maria Brauchle, Iris Lein, Lee 
Ewans, Danny Huylebroeck, Rudi Balling and Sabine Werner. Overexpression of activin in 
the  epidermis  of  transgenic  mice  reveals  new  activities  of  activin  in  keratinocyte 
differentiation, cutaneous fibrosis and wound repair. EMBO J. 1999: 18: 5205-5215.
In this study we provide first evidence for an important activity of activin in skin morphogenesis 
and wound repair. We show that mice over-expressing the growth and differentiation factor activin 
in the epidermis have epidermal hyperplasia and dermal fibrosis. Most importantly, healing of full-
thickness  excisional  wounds was strongly  enhanced in  these  mice,  demonstrating  that  elevated 
levels of activin stimulate the healing process.

Miriam Wankell, Barbara Munz, Griseldis Hübner, Wolfgang Hans, Eckhard Wolf, Andreas 
Goppelt,  and  Sabine  Werner.  Impaired wound healing  in  transgenic  mice  expressing  the 
activin antagonist follistatin in the epidermis. EMBO J. 2001: 20: 5361-5372.
To  determine  the  role  of  endogenous  activin  in  skin  morphogenesis  and  wound  healing  we 
generated transgenic mice expressing the soluble activin antagonist follistatin in the epidermis. Our 
results  demonstrate  that  endogenous  activin  is  not  required  for  keratinocyte  differentiation  in 
normal skin. However, inhibition of activin action in the wound strongly delayed the repair process. 
On the other hand, the quality of the healed wounds was improved and the scar tissue was reduced. 
These results demonstrate important roles of endogenous activin in wound repair and cutaneous 
scarring.

Yvonne Tretter, Moritz Hertel, Barbara Munz, Gerrit ten Bruggencate, Sabine Werner and 
Christian  Alzheimer.  Induction of  activin  A is  essential  for  the  neuroprotective  action  of 
bFGF in vivo. Nature Med. 2000: 6: 812-815.
Besides its role in cutaneous wound repair, we and others demonstrated an important function of the 
growth and differentiation factor activin in inflammation and repair of other tissues. In this study 
we identified a novel role of activin in neuroprotection, and we demonstrate that activin mediates 
the neuroprotective effect of fibroblast growth factor 2.
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Monika  Krampert,  Wilhelm  Bloch,  Takako  Sasaki,  Philippe  Bugnon,  Thomas  Rülicke, 
Eckhard Wolf, Monique Aumailley, William C. Parks, and Sabine Werner. Activities of the 
matrix metalloproteinase  stromelysin-2 (MMP-10)  in matrix degradation and keratinocyte 
organization in wounded skin. Mol. Biol. Cell 2004: 15: 5242-5254.
The matrix metalloproteinase stromelysin-2 is expressed in keratinocytes of the epithelial tongue of 
skin wounds, suggesting a role in keratinocyte migration. To gain insight into the in vivo activities 
of stromelysin-2 in epithelial repair, we generated transgenic mice expressing a constitutively active 
stromelysin-2 mutant in keratinocytes, and we performed wound healing studies with these animals. 
We identified laminin-5 as a novel substrate of stromelysin-2. Furthermore, we demonstrate that a 
tightly regulated expression level of stromelysin-2 is required for limited matrix degradation at the 
wound site, thereby controlling keratinocyte migration and organization in wounded skin.

Richard Grose, Silke Werner, Daniela Kessler, Jan Tuckermann, Katharina Huggel, Silke 
Durka,  Holger  Reichardt,  and  Sabine  Werner.  A  role  for  endogenous  glucocorticoids  in 
wound repair. EMBO Reports 2002: 3: 575-582.
Exogenous glucocorticoids are known to inhibit wound repair, but the roles and mechanisms of 
action of endogenous glucocorticoids during the healing process have been poorly defined. In this 
study, we wounded mice expressing a DNA-binding-defective mutant version of the glucocorticoid 
receptor and we also analyzed fibroblasts from these animals  in vitro.  We found a remarkably 
increased  granulation  tissue  with  a  high  fibroblast  density  in  the  genetically  modified  mice, 
demonstrating that endogenous glucocorticoids delay the early repair process. In spite of the larger 
granulation  tissue  seen  in  early  wounds,  late  wounds  appeared  normal,  most  likely  due  to  an 
enhanced ability of fibroblasts from these mice to contract collagen. These results demonstrate an as 
yet unidentified role of endogenous glucocorticoids in the regulation of wound repair.

Richard  Grose,  Caroline  Hutter,  Wilhelm  Bloch,  Fiona  Watt,  Reinhard  Fässler,  Cord 
Brakebusch and Sabine Werner. A crucial role of β1 integrins for keratinocyte migration in 
vitro and during cutaneous wound repair. Development 2002: 129: 2303-2315.
In this study we performed wound healing experiments with mice lacking the β1 integrin subunit 
only in keratinocytes. We demonstrate an important role of β1 integrins for keratinocyte migration 
in  vitro and  during  cutaneous  wound  repair.  β1  integrin  deficiency  caused  a  severe  delay  in 
reepithelialization  and  a  prolonged  inflammatory  response.  We  thus  present  the  first  in  vivo 
evidence for a crucial role of β1 integrins in wound repair. However, our results also demonstrate 
that keratinocytes are not totally dependent on this integrin during wound healing. Rather, other 
integrins appear to compensate at least partially for the lack of  β1, leading to complete, although 
imperfect reepithelialization.

Irmgard  S.  Thorey,  Boris  Hinz,  Andreas  Höflich,  Susanne  Kaesler,  Boris  Hinz,  Philippe 
Bugnon, Martin Elmlinger, Rüdiger Wanke, Eckhard Wolf, and Sabine Werner. Transgenic 
mice overexpressing bovine growth hormone reveal  novel  activities of growth hormone in 
wound  repair,  angiogenesis  and  myofibroblast  differentiation.  J.  Biol.  Chem.  2004:  279: 
26674-26684.
An  increasing  number  of  patients  are  being  treated  with  growth  hormone  (GH)  for  the 
enhancement of body growth, but also as an anti-aging strategy. However, the side effects of 
GH have been poorly defined. In this study we determined the effect of GH on wound repair 
and its mechanisms of action at the wound site. For this purpose, we performed wound healing 
studies in transgenic mice over-expressing GH. The results presented in this paper reveal novel 
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roles of growth hormone in angiogenesis and myofibroblast differentiation at the wound site. 
Furthermore, our data suggest that systemic GH treatment is detrimental for wound healing in 
non-healing impaired individuals.

Sabine Werner,  and Richard Grose.  Regulation  of  wound healing  by growth factors  and 
cytokines. Physiol. Rev. 2003: 83: 835-870.
This is a detailed review describing the expression and function of different growth factors and 
cytokines during wound healing. 
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BIOLOGICAL EFFECTS OF UV RADIATION ON KERATINOCYTES AND 
LANGERHANS CELLS

Thomas Schwarz, MD
Department of Dermatology and Allergology
University Hospital Schleswig-Holstein
Campus Kiel
Schittenhelmstrasse 7
24105 Kiel, Germany

Ultraviolet  radiation,  in  particular  the  middle  wave  length  range  (UVB),  exerts  a  variety  of 
biological effects. These include induction of apoptosis and suppression of the immune system. 
Induction of DNA damage by UVB is crucially involved in both effects since reduction of DNA 
damage  is  associated  with  a  reduction  of  both  apoptosis  and  immunosuppression.  The 
immunomodulatory cytokine IL-12 has been recently discovered to exhibit the capacity to reduce 
UV-induced DNA damage via induction of the nucleotide excision repair, the endogenous DNA 
repair system. Induction of DNA damage in Langerhans cells by UVB is an essential event in the 
development of UV-induced regulatory T cells. These cells only develop upon appearance of DNA 
damaged Langerhans cells in the draining lymph nodes. Since IL-12 reduces DNA damage this 
explains one mechanism by which IL-12 prevents UVB-induced immunosuppression. 

Aragane, Y.,  D.  Kulms,  T.A. Luger,  T. Schwarz.  Downregulation of interferon-γ-activated 
STAT1 by ultraviolet light. Proc. Natl. Acad. Sci. USA 1997: 94: 11490-11495.
This  is  one  of  the  first  papers  demonstrating  that  UVB  radiation  can  exert  its  effects  via 
extranuclear targets. In addition, it shows that UVB radiation cannot only influence the secretion of 
cytokines but also interfere with their biological activities by altering signals transduction pathways.

Aragane,  Y.,  D.  Kulms,  D.  Metze,  G.  Kothny,  B.  Pöppelmann,  T.A.  Luger,  T.  Schwarz. 
Ultraviolet light induces apoptosis via direct activation of CD95 (FAS/APO-1) independently 
from its ligand CD95L. J. Cell Biol. 1998: 140: 171-182.
This paper demonstrates that UVB radiation can directly activate the death receptor CD95/FAS 
without  the  need  of  the  cognate  ligand.  Direct  activation  of  this  death  receptor  by  UVB  is 
functionally relevant since inhibition of death receptor activation is associated with a reduction of 
UVB-induced apoptosis.

Kulms, D., B. Pöppelmann, D. Yarosh, T. A. Luger, J. Krutmann, T. Schwarz. Nuclear and 
cell membrane effects contribute independently to the induction of apoptosis in human cells 
exposed to ultraviolet B radiation. Proc. Natl. Acad. Sci. USA 1999: 96: 7974-7979.
This paper demonstrates that several signal transduction pathways are involved in UVB-induced 
apoptosis. UVB-induced cells death is primarily mediated via induction of nuclear DNA damage. 
However,  activation  of  death  receptors  also  contributes  to  UVB-mediated  cell  death  in  an 
independent but additive fashion. This paper further adds to the observation that UVB can mediated 
its effects via affecting different molecular targets within the cell.

Kulms, D., E. Zeise, B. Pöppelmann, T. Schwarz. DNA damage, death receptor activation and 
reactive oxygen species contribute to ultraviolet radiation-induced apoptosis in an essential 
and independent way. Oncogene 2002: 21: 5844 – 5851.
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This paper demonstrates that signaling pathway involved in UV-induced apoptosis is more complex 
and that additional pathways are involved. These include nuclear DNA damage, activation of death 
receptors  on  the  cell  surface  and  induction  of  reactive  oxygen  species.  Only  when  all  three 
pathways are blocked UVB-induced apoptosis is completely prevented. This indicates that all three 
pathways contribute in an independent but essential fashion to this effect of UVB radiation. 

Kothny-Wilkes,  G.,  D.  Kulms,  B.  Pöppelmann,  T.A.  Luger,  M.  Kubin,  T.  Schwarz. 
Interleukin-1  protects  transformed  keratinocytes  from  TRAIL-induced  apoptosis.  J.  Biol. 
Chem. 1998: 273: 29247-29253.
This  paper  demonstrates  that  the  proinflammatory  cytokine  IL-1  can  protect  transformed 
keratinocytes from apoptosis induced by the death ligand TRAIL. This protective effect is mediated 
via the upregulation of the transcription factor NFkB. Via this mechanism tumor cells might escape 
from the cytotoxic effect of TRAIL.

Kothny-Wilkes,  D.  Kulms,  T.A.  Luger,  M.  Kubin,  T.  Schwarz.  Interleukin-1  protects 
transformed  keratinocytes  from  TRAIL-  and  CD95-  but  not  from  ultraviolet  radiation-
induced apoptosis. J. Biol. Chem. 1999: 274: 28916-28921.
This paper demonstrates that IL-1 prevents death ligand-induced apoptosis but in contrast enhances 
UVB-mediated cell death. Both diverse effects are mediated via activation of NFkB. Thus, NFkB 
cannot  be  any  longer  regarded  as  an  universal  antiapoptotic  factor.  The  opposite  effects  of 
interleukin-1 indicate that different mechanisms are involved in UV-induced apoptosis compared to 
death ligand-mediated apoptosis. Furthermore, the data suggest that whether a signal acts in an 
antiapoptotic way or not does not only depend on the signal itself but also on the stimulus causing 
apoptosis.

 
Schwarz,  A.,  S.  Grabbe,  K.  Grosse-Heitmeyer,  B.  Roters,  H.  Riemann,  T.A.  Luger,  G. 
Trinchieri,  T.  Schwarz.  Ultraviolet  light  induced  immune  tolerance  is  mediated  via  the 
CD95/CD95-ligand system. J. Immunol. 1998: 160: 4262-4270.
This  paper  demonstrates  that  UVB-induced  tolerance  is  mediated  via  the  apoptosis-  related 
CD95/CD95 ligand (FAS/FAS ligand) system. The activity of UVB-induced suppressor cells is lost 
in a CD95-deficient environment. UVB-induced T suppressor cells may induce apoptosis of antigen 
presenting cells via the CD95 system and thereby prevent sensitization. 

Aragane, Y., A. Maeda, A. Schwarz, T. Tezuka, K. Ariizumi , T. Schwarz.  Involvement of 
dectin-2 in UV radiation-induced tolerance. J. Immunol. 2003: 171: 3801-3807.
This paper demonstrates that UV-induced regulatory T cells bind the lectin dectin-2, indicating that 
they express the yet unknown ligand for this lectin. Interaction of dectin-2 with its ligand/receptor 
appears to be of functional relevance since injection of a soluble fusion protein of dectin-2 inhibits 
the suppressive activity of UV-induced regulatory T cells. The expression of the receptor binding 
dectin-2 on regulatory T cells may serve as a unique marker for the identification of UV-induced 
regulatory T cells.

Schwarz,  A.,  A.  Maeda,  MK. Wild,  K.  Kernebeck,  N.  Gross,  Y.  Aragane,  S.  Beissert,  D. 
Vestweber, T. Schwarz. UV-induced regulatory T cells do not only inhibit the induction but 
can also suppress the effector phase of contact hypersensitivity. J. Immunol. 2004: 172: 1036-
1043.
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This paper demonstrates that in contrast to previous assumptions UV-induced regulatory T cells can 
suppress not only the induction but also the effector phase of contact hypersensitivity. However, to 
exert  this  effect,  they have to be present  in  the periphery where the inflammation takes place. 
Because of their unique expression pattern of homing receptors regulatory T cells preferentially 
migrate  into the lymph nodes and not  into the periphery.  This explains why they suppress the 
effector phase only upon intralesional but not upon intravenous injection. 

Schwarz, A., S. Grabbe, Y. Aragane, K. Sandkuhl, H. Riemann, T.A. Luger, M. Kubin, G. 
Trinchieri, T. Schwarz. IL-12 prevents ultraviolet-B induced local immunosuppression and 
breaks ultraviolet-B induced tolerance. J. Invest. Dermatol. 1996: 106: 1187-1191.
This paper demonstrates that the immunomodulatory cytokine IL-12 exhibits the capacity not only 
to prevent UVB-induced immunosuppression but also to break established UV-induced tolerance. 
Thus, IL-12 may bear the potential to prevent the adverse effects of solar/UV radiation mediated via 
the immunosuppressive effects including photocarcinogenesis. 

Schwarz,  A.,  S.  Ständer,  M.  Berneburg,  M.  Böhm,  D.  Kulms,  H.  van  Steeg,  K.  Große-
Heitmeyer, J. Krutmann, T. Schwarz. Interleukin-12 suppresses ultraviolet radiation-induced 
apoptosis by inducing DNA repair. Nat. Cell Biol. 2002: 4: 26-31.
This  paper  demonstrates  that  the  immunomodulatory  cytokine  can  reduce  UVB-induced  DNA 
damage presumably via induction of nucleotide excision repair, the endogenous repair system. This 
is the first demonstration of a cytokine being able to protect cells from apoptosis induced by DNA 
damaging UVB radiation via induction DNA repair and secondly it shows that nucleotide excision 
repair can be influenced by cytokines.

Böhm,  M.,  I.  Wolff,  TE.  Scholzen,  SJ.  Robinson,  E.  Healy,  TA.  Luger,  T.  Schwarz,  A. 
Schwarz. Alpha-melanocyte-stimulating hormone protects from ultraviolet radiation-induced 
apoptosis and DNA damage. J. Biol. Chem. 2005: 280: 5795-5802.
This  paper  demonstrates  that  alpha-melanocyte-stimulating  hormone protects  melanocytes  from 
UVB-induced apoptosis via reduction of DNA damage. This effect may also be mediated via the 
induction of nucleotide excision repair. IL-12 was the first cytokine to be demonstrated to be able to 
affect DNA repair. This study demonstrates that this effect is not restricted to IL-12 but may also 
apply for other mediators.  

Schwarz, A., A. Maeda, K. Kernebeck, H. van Steeg, S. Beissert, T. Schwarz.  Prevention of 
UV radiation-induced immunosuppression by IL-12 is  dependent on DNA repair.  J.  Exp. 
Med. 2005: 201: 173-179.
This  paper  demonstrates  that  the  prevention  of  UV-induced  immunosuppression  by  IL-12  is 
mediated via its capacity to reduce UV-induced DNA damage. This paper further indicates that the 
presence  of  UV-damaged  Langerhans  cells  in  the  regional  lymph  nodes  is  crucial  for  the 
development of regulatory T cells. These data identify a new mechanism by which IL-12 restores an 
immune response and demonstrate a link between DNA repair and the prevention of UV-induced 
immunosuppression by IL-12.
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APOPTOTIC PATHWAYS IN THE EPIDERMIS

Erwin Tschachler, MD
Department of Dermatology 
Medical University of Vienna
Wärhinger Gürtel 18-20
A-1090 Vienna, Austria

Programmed cell death of epidermal keratinocytes occurs in 2 forms: as classical apoptosis after 
irreparable  cellular  injuries  and  during  terminal  keratinocyte  differentiation,  leading  to  stratum 
corneum formation.  Whereas the former is indistinguishable from apoptosis in other tissues and 
leads to cellular disintegration, the latter results in establishment of “indestructible” cellular ghosts. 
Although there are several similarities between these two forms of programmed cell death such as 
the loss of the nucleus and cellular organelles, the persistence of dead keratinocytes as corneocytes 
represents a major difference. As to the molecular events which drive both processes, many known 
factors  of  the  pro  and  anti-apoptotic  machinery  are  expressed  by  keratinocytes  and  appear  to 
become  active  after  UV-irradiation  or  other  damaging  insults  but  not  in  the  last  phase  of 
keratinocyte  differentiation.  On  the  other  hand,  distinct  members  of  the  pro-apoptotic  enzyme 
families such as caspases and DNases, are expressed almost exclusively in epidermal keratinocytes. 
Most  notably  caspase-14  and  DNAse1L2  are  upregulated  and  activated  in  a  differentiation-
associated manner. This suggests that certain elements of the molecular apoptotic machinery have 
adapted to specific roles in terminal differentiation-associated cell death in the epidermis.

Allombert-Blaise C, Tamiji S, Mortier L, Fauvel H, Tual M, Delaporte E, Piette F, DeLassale 
EM,  Formstecher  P,  Marchetti  P,  Polakowska  R.  Terminal  differentiation  of  human 
epidermal keratinocytes involves mitochondria- and caspase-dependent cell death pathway. 
Cell Death Differ. 2003 10: 850-852. 
This  article  evidenced  that  the  differentiation  process  in  epidermal  keratinocytes  uses 
mitochondrial-dependent  death  machinery  and  suggested  that  differentiation  is  regulated  by  a 
balance of prepression and activation between proliferation and apoptosis.

Candi E, Schmidt R, Melino G. The cornified envelope: a model of cell death in the skin. Nat 
Rev Mol Cell Biol. 2005 6: 328-340. 
This  article  is  an  excellent  overview  on  the  insights  into  the  molecular  mechanisms  and  the 
physiological endpoints of cornification and the current understanding of the pathological defects of 
this form of programmed cell death,

Chang  CH,  Yu  M,  Wu P,  Jiang  TX,  Yu  HS,  Widelitz  RB,  Chuong  CM.  Sculpting  skin 
appendages out of epidermal layers via temporally and spatially regulated apoptotic events. J 
Invest Dermatol. 2004 Jun;122(6): 1348-1355. 
Examine apoptosis in morphogenesis of skin appendages and show how adding and removing cell 
masses in temporally and spatially specific ways are coordinated to sculpt skin appendages from 
epidermal layers.

Chaturvedi  V,  Qin  JZ,  Denning  MF,  Choubey  D,  Diaz  MO,  Nickoloff  BJ.  Apoptosis  in 
proliferating,  senescent,  and  immortalized  keratinocytes.  J  Biol  Chem.  1999  274:  23358-
23367. 
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The  authors  demonstrate  that  growth  arrest,  confluency,  and  senescence  of  keratinocytes  are 
associated  with  resistance  to  classical  apoptosis  and  that  differentiation  of  keratinocytes  is  no 
prerequisite for conventional apoptosis induction.

Eckhart L, Declercq W, Ban J, Rendl M, Lengauer B, Mayer C, Lippens S, Vandenabeele P, 
Tschachler  E.  Terminal  differentiation  of  human  keratinocytes  and  stratum  corneum 
formation is associated with caspase-14 activation. J Invest Dermatol. 2000 115: 1148-1151.
Demonstration  that  expression  and  activation  of  an  epidermis  specific  caspase  correlates  with 
terminal keratinocyte differentiation in vitro.

Gandarillas A, Goldsmith LA, Gschmeissner S, Leigh IM, Watt FM. Evidence that apoptosis 
and terminal differentiation of epidermal keratinocytes are distinct processes. Exp Dermatol. 
1999 8: 71-79. 
Comparison of normal epidermis and epidermis from skin diseases with disturbed differentiation 
with no evidence of increased apoptosis in the latter despite a higher proportion of TUNEL positive 
cells (suggestive that TUNEL is not a specific marker of apoptosis in keratinocytes). Together with 
in  vitro  data  conclusion  that  in  vivo  and  in  culture  keratinocyte  terminal  differentiation  and 
apoptosis are distinct cellular events, subject to different stimuli.

Kuechle MK, Presland RB, Lewis SP, Fleckman P, Dale BA. Inducible expression of filaggrin 
increases keratinocyte susceptibility to apoptotic cell death. Cell Death Differ. 2000 7: 566-573
The authors generated keratinocyte cell lines expressing mature human filaggrin under an inducible 
promoter system and found that these cell lines exhibited increased sensitivity to multiple apoptotic 
stimuli.  They  conclude  that  filaggrin  which  is  expressed  at  a  level  of  the  epidermis  where 
keratinocytes are in transition between the nucleated granular and the anucleate cornified layers, 
aids in the terminal differentiation process by facilitating apoptotic machinery.

Pena JC, Fuchs E, Thompson CB.  Bcl-x expression influences keratinocyte cell survival but 
not terminal differentiation. Cell Growth Differ. 1997 8: 619-629. 
Overexpression of bcl-xL or bcl-xS under the control of the K14 promoter did not compromise the 
maturation process and cellularity of the epidermis but dramatically increase resistance (bcl-xL) or 
sensitivity  (bcl-xS)  to  irradiation.  Their  findings  demonstrate  that  the  terminal  differentiation 
program of keratinocyte is not altered by the overexpression of anti-apoptotic proteins.

Takahashi H, Aoki N, Nakamura S, Asano K, Ishida-Yamamoto A, Iizuka H. Cornified cell 
envelope formation is  distinct  from apoptosis  in epidermal  keratinocytes.  J  Dermatol  Sci. 
2000 23: 161-169. 
The authors analysed the effects of the calcium ionophore A23187 and UV on keratinocytes and 
demonstrate that although both treatments  lead to the cell  death of keratinocyte  the followed 2 
distinct pathways i.e. conventional apoptosis and formation of cornified envelope respectivelyand 
conclude that CE formation is distinct from apoptosis in epidermal keratinocytes.

Weil M, Raff MC, Braga VM.  Caspase activation in the terminal differentiation of human 
epidermal keratinocytes. Curr Biol. 1999 9: 361-364. 
The  authors  report  that  proapoptotic  caspases  are  activated  during  normal  human keratinocyte 
differentiation and that this activation is apparently required for the normal loss of the nucleus.
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Wrone-Smith T,  Johnson T,  Nelson B,  Boise  LH,  Thompson CB,  Nunez  G, Nickoloff  BJ. 
Discordant expression of Bcl-x and Bcl-2 by keratinocytes in vitro and psoriatic keratinocytes 
in vivo. Am J Pathol. 1995 146: 1079-1088.
Analysis of the expression of pro and anti-apoptotic regulators in keratinocytes in vitro and in vivo 
and  suggest  that  the  overexpression  of  Bcl-x  in  psoriasis  may  contribute  to  the  longevity  of 
keratinocytes by blocking the normal apoptotic process involved in the terminal differentiation.
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GENETIC DISEASES AFFECTING THE EPIDERMIS

Irene M. Leigh, DSc, FRCP, F Med Sci
Centre Cutaneous Research
Institute Cell Molecular Science
Barts & The London, 
Queen Mary’s School of medicine and Dendistry
University of London
4 Newark St
London E1 2AT, UK

The integrity of the epidermal keratinocyte is critical in maintaining the defence of the epidermis. 
Over the last 12-15 years a large range of genodermatoses have been shown to result from single 
gene defects affecting the keratin intermediate filaments and junctional complexes, that result in 
epidermal fragility or loss of cellular cohesion. The diseases affecting desmosomal components and 
connexins also affect other significant organs than skin: desmoplakin and plakoglobin mutations 
may cause  cardiomyopathy  and  connexin  mutations  deafness  or  neuropathy,  depending  on  the 
tissues in which these proteins are constitutionally expressed. Functional studies can highlight the 
role of structural proteins in other biological processes such as signal tranduction and the regulation 
of cornification/ terminal differentiation. There is considerable difficulty in establishing the genetic 
basis of rare sporadic diseases, especially with a fatal outcome. However the constant development 
of  new technology platforms allows breakthroughs in  disease understanding.  By applying  SNP 
genotyping  and  homozygosity  mapping  to  a  group  of  families  with  Harlequin  ichthyosis,  the 
candidate gene for this disease has been proven to be ABCA12, a transporter involved in lipid 
processing. This will now allow antenatal testing of affected families.

Recent reviews.

Cheong JE, Wessagowit V, McGrath JA. Molecular abnormalities of the desmosomal protein 
desmoplakin in human disease. Clin Exp Dermatol. 2005, 30(3): 261-6.
The  major  plakin  of  the  desmosome:  desmoplakin  is  mutated  in  Carvajal  disease  causing 
keratoderma, woolly hair and cardiomyopathy. This review looks at desmosme abnormalities in 
diseases, including genotype-phenotype correlations in hereditary diseases.

Pfendner E, Rouan F, Uitto J. Progress in epidermolysis bullosa: the phenotypic spectrum of 
plectin mutations. Exp Dermatol. 2005, 14(4): 241-9.
Plectin is the plakin expressed in hemidesmosomes and mutated in EB with muscular dystrophy. 
This review looks at the range of plectin mutations and their clinical phenotypes with implications 
for antenatal testing.

Irvine AD. Inherited defects in keratins. Clin Dermatol. 2005, 23(1): 6-14.
An update on keratin mutations affecting 19 keratin genes.

Smith FJ, Sandilands A, McLean WH. Molecular genetics methods for human intermediate 
filament diseases. Methods Cell Biol. 2004, 78: 131-61.
Investigative approaches to genetic skin diseases.

Owens DW, Lane EB Keratin mutations and intestinal pathology. J Pathol. 2004, 204(4): 377-
85.
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Simple epithelial keratin mutations have been reported in hepatic cirrhosis and inflammatory bowel 
disease. This review looks at the evidence of this possible predisposing factor.

Ramaekers FC, Bosman FT. The cytoskeleton and disease. J Pathol. 2004, 204(4): 351-4.
This outlines the structure of the cytoskeleton and the associated disease processes.

Hovnanian A. Darier's disease: from dyskeratosis to endoplasmic reticulum calcium ATPase 
deficiency. Biochem Biophys Res Commun. 2004, 322(4): 1237-44.
Extracellular calcium plays a critical role in epidermal differentiation and cell-cell adhesion. The 
defect of ATP2A2 helps understand calcium signalling in the epidermis.

Ahmad  F.  The  molecular  genetics  of  arrhythmogenic  right  ventricular  dysplasia-
cardiomyopathy. Clin Invest Med. 2003, 26(4): 167-78. 
Mutations in genes encoding desmoplakin and plakoglobin can cause this syndrome due to impaired 
integrity at cardiac myocyte cell-cell junction.

Kelsell DP. Connexin mutations in human disease. Hum Mol Genet. 2002, 11(17): 2005-14.
Connexin mutation have been found to underlie both skin diseases and deafness and are the major 
cause of hereditary sensorineural deafness.

Early publications of human disease associated mutations causing genetic skin disorders,  which 
affect epidermal integrity.

Keratin mutations 

Coulombe PA, Hutton ME, Letai A, Hebert A, Paller AS, Fuchs E. Point mutations in human 
keratin 14 genes of epidermolysis bullosa simplex patients: genetic and functional analyses. 
Cell. 1991, 66(6): 1301-11.
Bonifas JM, Rothman AL, Epstein EH Jr. Epidermolysis bullosa simplex: evidence in two 
families for keratin gene abnormalities. Science. 1991, 254(5035): 1202-5.
First reports of keratin 14 mutations in humans.

Lane EB, Rugg EL, Navsaria H, Leigh IM, Heagerty AH, Ishida-Yamamoto A, Eady RA. A 
mutation in the conserved helix termination peptide of keratin 5 in hereditary skin blistering. 
Nature. 1992, 356(6366): 244-6.
First report of keratin 5 mutations in epidermolysis bullosa.

Vassar R, Coulombe PA, Degenstein L, Albers K, Fuchs E. Mutant keratin expression in 
transgenic mice causes marked abnormalities resembling a human genetic skin disease. Cell. 
1991, 64(2): 365-80.
Reports  of  transgenic  mouse  bearing  keratin  mutations  having  epidermal  cytolysis  similar  to 
epidermolysis bullosa.

Rugg EL, McLean WH, Allison WE, Lunny DP, Macleod RI, Felix DH, Lane EB, Munro CS. 
A mutation in the mucosal keratin K4 is associated with oral white sponge nevus. Nat Genet. 
1995, 11(4): 450-2.
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McLean WH, Rugg EL, Lunny DP, Morley SM, Lane EB, Swensson O, Dopping-Hepenstal 
PJ, Griffiths WA, Eady RA, Higgins C, et al.  Keratin 16 and keratin 17 mutations cause 
pachyonychia congenita. Nat Genet. 1995, 9(3): 273-8.

Navsaria HA, Swensson O, Ratnavel RC, Shamsher M, McLean WH, Lane EB, Griffiths D, 
Eady RA, Leigh IM.Ultrastructural changes resulting from keratin-9 gene mutations in two 
families with epidermolytic palmoplantar keratoderma. J Invest Dermatol. 1995, 104(3): 425-
9. 

Rugg EL, McLean WH, Lane EB, Pitera R, McMillan JR, Dopping-Hepenstal PJ, Navsaria 
HA, Leigh IM, Eady RA. A functional "knockout" of human keratin 14. Genes Dev. 1994, 
8(21): 2563-73.

Kremer H, Zeeuwen P, McLean WH, Mariman EC, Lane EB, van de Kerkhof CM, Ropers 
HH, Steijlen PM. Ichthyosis bullosa of Siemens is caused by mutations in the keratin 2e gene J 
Invest Dermatol. 1994, 103(3): 286-9.

Rugg EL, Morley SM, Smith FJ, Boxer M, Tidman MJ, Navsaria H, Leigh IM, Lane EB. 
Missing  links:  Weber-Cockayne  keratin  mutations  implicate  the  L12  linker  domain  in 
effective cytoskeleton function. Nat Genet. 1993, 5(3): 294-300.

Magin  TM,  Kaiser  HW,  Leitgeb  S,  Grund  C,  Leigh  IM,  Morley  SM,  Lane  EB. 
Supplementation of a mutant keratin by stable expression of desmin in cultured human EBS 
keratinocytes. J Cell Sci. 2000, 113 Pt 23: 4231-9.

Desmosomes

Yin T, Getsios S, Caldelari R, Kowalczyk AP, Muller EJ, Jones JC, Green KJ. Plakoglobin 
suppresses keratinocyte motility through both cell-cell adhesion-dependent and -independent 
mechanisms. Genes Dev. 1996, 10(14): 1724-35.

Armstrong  DK,  McKenna  KE,  Purkis  PE,  Green  KJ,  Eady  RA,  Leigh  IM,  Hughes  AE. 
Haploinsufficiency of  desmoplakin causes  a striate  subtype of  palmoplantar  keratoderma. 
Hum. Mol Genet. 1999, 8(1): 143-8.

Whittock  NV,  Ashton  GH,  Dopping-Hepenstal  PJ,  Gratian  MJ,  Keane  FM,  Eady  RA, 
McGrath  JA.  Striate  palmoplantar  keratoderma  resulting  from  desmoplakin 
haploinsufficiency. J Invest Dermatol. 1999, 113(6): 940-6.

Rickman L, Simrak D, Stevens HP, Hunt DM, King IA, Bryant SP, Eady RA, Leigh IM, 
Arnemann  J,  Magee  AI,  Kelsell  DP,  Buxton  RS.  N-terminal  deletion  in  a  desmosomal 
cadherin causes the autosomal dominant skin disease striate palmoplantar keratoderma. Hum 
Mol Genet. 1999, 8(6): 971-6.

Norgett EE, Hatsell SJ, Carvajal-Huerta L, Cabezas JC, Common J, Purkis PE, Whittock N, 
Leigh IM, Stevens HP, Kelsell DP. Recessive mutation in desmoplakin disrupts desmoplakin-
intermediate  filament  interactions  and  causes  dilated  cardiomyopathy,  woolly  hair  and 
keratoderma. Hum Mol Genet. 2000, 9(18): 2761-6.
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McKoy G, Protonotarios N, Crosby A, Tsatsopoulou A, Anastasakis A, Coonar A, Norman M, 
Baboonian  C,  Jeffery  S,  McKenna  WJ.  Identification  of  a  deletion  in  plakoglobin  in 
arrhythmogenic  right  ventricular  cardiomyopathy  with  palmoplantar  keratoderma  and 
woolly hair (Naxos disease). Lancet. 2000, 355(9221): 2119-24.

Connexins

Kelsell  DP, Dunlop J, Stevens HP, Lench NJ, Liang JN, Parry G, Mueller RF, Leigh IM. 
Connexin 26 mutations in hereditary non-syndromic sensorineural deafness.  Nature.  1997, 
387(6628): 80-3.

Lamartine J, Munhoz Essenfelder G, Kibar Z, Lanneluc I, Callouet E, Laoudj D, Lemaitre G, 
Hand C, Hayflick SJ, Zonana J, Antonarakis S, Radhakrishna U, Kelsell DP, Christianson 
AL, Pitaval A, Der Kaloustian V, Fraser C, Blanchet-Bardon C, Rouleau GA, Waksman G. 
Mutations in GJB6 cause hidrotic ectodermal dysplasia. Nat Genet. 2000, 26(2): 142-4.

Di WL, Monypenny J, Common JE, Kennedy CT, Holland KA, Leigh IM, Rugg EL, Zicha D, 
Kelsell  DP.  Defective  trafficking and cell  death is  characteristic  of  skin disease-associated 
connexin 31 mutations. Exp Dermatol. 2004, 13(10): 661-2.

Other diseases

Huber M, Rettler I, Bernasconi K, Frenk E, Lavrijsen SP, Ponec M, bon A, Lautenschlager S, 
Schorderet DF, Hohl D. Mutations of keratinocyte transglutaminase in lamellar ichthyosis. 
Science. 1995, 267(5197): 525-8.

Smith FJD, Eady RAJ, Leigh IM, McMillan JR,  Rugg EL, Kelsell DP,  Bryant SP, Spurr NK, 
Geddes JF, Kirtschig G, Milana G, de Bono AG, Owaribe K,  Wiche G, Pulkkinen L, Uitto J, 
McLean WHI, Lane EB. Plectin deficiency results in muscular dystrophy with epidermolysis 
bullosa. Nat Genet. 1996, 13: 450-7.
McLean WH, Pulkkinen L, Smith FJ, Rugg EL, Lane EB, Bullrich F, Burgeson RE, Amano S, 
Hudson DL, Owaribe K, McGrath JA, McMillan JR, Eady RA, Leigh IM, Christiano AM, 
Uitto J. Loss of plectin causes epidermolysis bullosa with muscular dystrophy: cDNA cloning 
and genomic organization. Genes Dev. 1996. 10: 1724-35.

McGrath JA, McMillan JR, Shemanko CS, Runswick SK, Leigh IM, Lane EB, Garrod DR, 
Eady RA. Mutations in the plakophilin 1 gene result in ectodermal dysplasia/skin fragility 
syndrome. Nat Genet. 1997, 17(2): 240-4.

Sakuntabhai A, Ruiz-Perez V, Carter S, Jacobsen N, Burge S, Monk S, Smith M, Munro CS, 
O'Donovan M, Craddock N, Kucherlapati R, Rees JL, Owen M, Lathrop GM, Monaco AP, 
Strachan  T,  Hovnanian  A.  Mutations  in  ATP2A2,  encoding  a  Ca2+ pump,  cause  Darier 
disease. Nat Genet. 1999, 21(3): 271-7. 
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Hu Z, Bonifas JM, Beech J, Bench G, Shigihara T, Ogawa H, Ikeda S, Mauro T, Epstein EH 
Jr. Mutations in ATP2C1, encoding a calcium pump, cause Hailey-Hailey disease. Nat Genet. 
2000, 24(1): 61-5.

Siegel DH, Ashton GH, Penagos HG, Lee JV, Feiler HS, Wilhelmsen KC, South AP, Smith FJ, 
Prescott AR, Wessagowit V, Oyama N, Akiyama M, Al Aboud D, Al Aboud K, Al Githami A, 
Al Hawsawi K, Al Ismaily A, Al-Suwaid R, Atherton DJ, Caputo R, Fine JD, Frieden IJ, 
Fuchs E, Haber RM, Harada T, Kitajima Y, Mallory SB, Ogawa H, Sahin S, Shimizu H, Suga 
Y, Tadini G, Tsuchiya K, Wiebe CB, Wojnarowska F, Zaghloul AB, Hamada T, Mallipeddi 
R, Eady RA, McLean WH, McGrath JA, Epstein EH. Loss of kindlin-1, a human homolog of 
the Caenorhabditis elegans actin-extracellular-matrix linker protein UNC-112, causes Kindler 
syndrome. Am J Hum Genet. 2003, 73(1): 174-87. Epub 2003 Jun 3. 

Chavanas S, Bodemer C, Rochat A, Hamel-Teillac D, Ali M, Irvine AD, Bonafe JL, Wilkinson 
J,  Taieb  A,  Barrandon  Y,  Harper  JI,  de  Prost  Y,  Hovnanian  A  Mutations  in  SPINK5, 
encoding a serine protease inhibitor, cause Netherton syndrome. Nat Genet. 2000, 25(2): 141-
2.

Lefevre  C,  Audebert  S,  Jobard  F,  Bouadjar  B,  Lakhdar  H,  Boughdene-Stambouli  O, 
Blanchet-Bardon C, Heilig R, Foglio M, Weissenbach J, Lathrop M, Prud'homme JF, Fischer 
J. Mutations in the transporter ABCA12 are associated with lamellar ichthyosis type 2. Hum 
Mol Genet. 2003, 12(18): 2369-78. Epub 2003 

Bitoun E, Micheloni A, Lamant L, Bonnart C, Tartaglia-Polcini A, Cobbold C, Al Saati T, 
Mariotti F, Mazereeuw-Hautier J, Boralevi F, Hohl D, Harper J, Bodemer C, D'Alessio M, 
Hovnanian  A.  LEKTI  proteolytic  processing  in  human  primary  keratinocytes,  tissue 
distribution and defective expression in Netherton syndrome. Hum Mol Genet. 2003, 12(19): 
2417-30. Epub 2003.

Schmuth M, Fluhr JW, Crumrine DC, Uchida Y,  Hachem JP,  Behne M, Moskowitz DG, 
Christiano AM, Feingold KR, Elias PM. Structural and functional consequences of loricrin 
mutations in human loricrin keratoderma (Vohwinkel syndrome with ichthyosis).  J Invest 
Dermatol. 2004, 122(4): 909-22.

Ong  C,  O'Toole  EA,  Ghali  L,  Malone  M,  Smith  VV,  Callard  R,  Harper  JI.  LEKTI 
demonstrable  by  immunohistochemistry  of  the  skin:  a  potential  diagnostic  skin  test  for 
Netherton syndrome. Br J Dermatol. 2004, 151(6): 1253-7.

Kelsell DP, Norgett EE, Unsworth H, Teh MT, Cullup T, Mein CA, Dopping-Hepenstal PJ, 
Dale BA, Tadini G, Fleckman P, Stephens KG, Sybert VP, Mallory SB, North BV, Witt DR, 
Sprecher E, Taylor AE, Ilchyshyn A, Kennedy CT, Goodyear H, Moss C, Paige D, Harper JI, 
Young  BD,  Leigh  IM,  Eady  RA,  O'Toole  EA Mutations  in  ABCA12 underlie  the  severe 
congenital skin disease harlequin ichthyosis. Am J Hum Genet. 2005, 76(5): 794-803. Epub 
2005.
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MODIFICATIONS OF KERATINOCYTE FUNCTIONS BY HUMAN 
PAPILLOMAVIRUSES 

Herbert Pfister, PhD
Institute for Virology
University of Cologne
Fürst-Pückler-Str. 56
50936 Köln, Germany

Human  papillomaviruses  (HPV)  infect  keratinocytes  of  skin  and  mucosa.  They  affect  the 
homeostasis of these stratified epithelia to support their replication cycle, which closely parallels the 
keratinocyte differentiation program. In basal cells, early viral genes are only weakly expressed to 
guarantee maintenance of the viral DNA. As infected cells leave the basal layer, they remain active 
in the cell cycle in contrast to uninfected keratinocytes due to action of the viral oncoproteins E6 
and E7,  which interfere  with cell  cycle  control  factors.  This  ensures cellular  DNA polymerase 
activity and thus allows vegetative viral DNA replication. The activation of apoptotic pathways in 
infected keratinocytes is blocked by E6, interfering with pro-apoptotic factors. Deregulation of cell 
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top of the arrest in G2. It is suggested that E4 has to keep keratinocytes in a metabolically active 
state without competing host DNA synthesis to maximize viral DNA amplification.
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