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The skin is the largest organ of the human body. Its importance 

is well known as a protective barrier against the aggression of 

many externa! agents, physical, chemical and biological 

(bacteria, fungus, virus , etc . ). Nonetheless, attention to and 

research on this tissue have long been scarce, even though 

dermatological diseases affect a large number of patients (for 

instanc e , psoriasis, chronic ulcers and cutaneous tumors are 

high- incidence diseases in industrialized countries) . 

In recent years, this situation has changed . Recognition that the 

e p i dermi s forms a complex, interesting and highly-ordered syste m 

in which the processes of proliferation, differentiation and cell 

death can be studied has attracted the attention of a growing 

number of investigators. In a spectacular race against the clock, 

the molecular . basis of severa! skin diseases has been described 

and significant progresa has been made in understanding the 

mechanisms controlling proliferation and differentiation in this 

tissue, as well as in the identification of the factors that 

intervene in these processes. Due to the barrier function of the 

skin, special attention should be given to the advances i n 

cytoskeletal organization and its role in the maintenance of 

epithelial structure and function, and in particular to the 

keratins and to the molecules and structures of cell adhesion 

(desmosomes and hemidesmosomes, integrins, cadherins , etc.) . 

The externa! corporal localization of the skin and the 

identification of those sequences that direct gene activity in 

this tissue have made the use of transgenic animals a flexible 

and widely- used technique which permita the acquisition of 

important information in vivo. The skin has thus become one of 

the tissues on which more research is being done and more 

progresa is being made . 

From the clinical point of view, three novel characteristics have 

attracted considerable attention to this tissue : 

1) The finding that the skin produces interleukins and other 

cytokines of enormous importance in the infectious and 

i nflammatory processes of this tissue. Given the large area of 

the skin, it is hypothesized that these epidermal cytokines, 

after passing to the circulation, may also play a very important 

systemic role . 
2) At present, the skin is the organ with the highest incidence 

of tumors, and this frequency continues to increase. There is 

evidence that many of these tumors are caused by increased 

exposure of the skin to ultraviolet radiation, due as much to the 

deteriorating ozone !ayer as to reigning esthetic fashions . Skin 

carcinogenesis is an area in which considerable work is being 

done . 
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3) In vitr~ culture and expansion of human keratinocytes are 
recently-developed methods of great relevance, both in patients 
with major cutaneous lesions (such as, for example, those with 
burns covering a large body area, insuperable until this new 
technique was introduced) and in the treatment of ulcers which 
do not respond to classical therapies. In addition, however, 
accumulated experience and the relative ease of in vitro culture 
of epidermal keratinocytes and their subsequent transplant in 
patients make the epidermis an ideal tissue for the development 
of gene therapy protocols, for both hereditary and tumoral 
diseases. Recent advances in the identification and isolation of 
epidermal stem cells a;r-e particularly relevant in this context, 
as is the development of methods which permit the stable or 
transitory expression of therapeutic genes in keratinocytes . 

These subjects were addressed in depth and actively discussed in 
the present Workshop . 



Instituto Juan March (Madrid)

Epidermal stem cells 

Chairperson: Stuart H. Yuspa 



Instituto Juan March (Madrid)

15 

Clonal analysis of multiplying k(lratinocytes 
Yann Barrandon 

Depanment of Biology, Ecole_ Normale Supérieure, 

46, rue d'Ulm - 75230 Paris - France. 

TEL: 33- 1-44 32 36 30 FAX: 33 -1-44 32 39 10 K Mail: bamnd@wotan.ens.fr 

The epidermis i.s a self-renewing pluristraó.fied epitbelium of which keratinocytes are the predominant 

cell type. Keratinocytes are either proliferaúve or post-mitoúc diffej:entiated cells. Those kerarinocytes 

which ha ve the capability to multiply are either stem cells wilb . an extensive growth capacity, or 

transit amplifying cells of restricted growth capacity. 

Sorne multiplying keratinocytes have the ability to initiate colxlnies in virro. These clooogeníc 

keratinocytes, which are also termed keratinocyte colony-formi.tlg cells (K-CFCs), have different 

growth capacities (Barrandon and Green. 1987). The holoclones ha ve the most growth potential and 

are stem cells (Rochat et al, 1994). They generate meroclones wbich ha ve also a sign.ificant growth 

potential. However meroclones generate, witb an increasing frequency when serially passaged, 

colony-forming cells which growtb capacity is restricted toa m¡uQmum of 15 divi.sions (from one 10 

fifteen). These paraclone-fonníng cells are thus transit amplifying,cells (Bammdon and Oreen, 1987; 

Jones and Watt, 1993). The conversion from holoclooe to merbclone and then to paraclooe i.s a 

unidirecúooal and irreversible process which molecular mechanisms are súll unknown. However, 

inappropriate culture condiúons, serial culture passages as well a.S narural aging, are known to affect 

clonal conversion. lt should be again emphazised thar adequate culture conditions are indispensable 

when human K-CFCs are used to generate cultured epitbelium for clinical applications (treiitrnent of 

extensive bu...rn wounds, gene tberapy). It should also be empha;siz.ed that there is usually enough 

stem cells in a small skin biopsy, even in elderly patients, to generate large quantities of cultured 

epithelium. Accordingly, one of the most important question is then: how stem cells sbould be 

manipulated so that there stemness is protected when they are cu\tivated in vitro and transplanted in 

vivo? 

The ability to identify and to localize stem cells precisely within the epidermis and its appe::dages, i.s 

of great importance. However, a keratinocyte stem cell can sole1y be recogn.iled by its fun::tion, i.e. 

its ability to initiate a progressively growing colony in culture and. to generate a functional epithelium 

when transplanted (Barrandon and Green, 1987; Jones and Watt, 1993; Rochat et al., 1994). Clona! 

analysis have demonstrated that the K-CFCs described in vitro are also inhabitants of human 

epidermis and hair follicles. However, the small number of para<:lones that is obtained from freshly 

di.ssociated epidermis or hair follicles, strongly suggests the existence of a second population of 

transit amplifying cells in vivo (Bammdon, 1993). These mul~lying cells, which cannot initiate 

colonies under current culture conditions, are likely to be tbose identified by celllcinetics experiments 

in vivo (Potten,1983; Lavker and Sun. 1982; our results). Therefore, the exact role of paraclones 
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dwing nonnal epidermal renewal is unclear, but it can be that of an emergency oell population which 
is recruited when a l~Uge pool of multi.plying cells is needed, e.g. d¡ning wound healing. 
In mouse pelage hairs. follicular stcm cells are thought to be locat4d in the bulge, which is the si te of 
inseni.on of the am:ctor pili muscle and appears as a small protubej:'ance of the outer epithelial sheath 
(Cotsarelis et at, 1990). Howeva, it is clear that the location oflfollicular stem cells differ among 
species and among hair follicle types. For instance, most kera!jnocyte colony-forming ce11s are 
Iocated in the upper part of the rat vibrissa in a bulged area wbicb¡ is not the insertion of the am:ctor 
pili muscle (Kobayashi et al. 1993). Similarly, most stem oells of a: human hair follicle are segregated 
in a part of the outer epithelial sheath which is distant from both the si te of insertion of the arrector 
pill muscle and the hair bulb (Rochat et aL, 1994). Most importan~y. stem cell segregati.on appears to 

be a characteristic of all hair follicles as it is also found in the 0:10use vibrissa as well as in rabbit 
pelage hairs (Schmitt et aL, 1996). Although the physiological. significance of lhis segregation 
remains unclear, it is lik:ely to serve as a reservo ir from which stem cells can be rea-uited to maintain 
hair growth or to heal a cutaneous wound. The later implies íl)at sorne follicular stem cells are 
bipotent, i.e. that they have the capability to generate two different ~pithelial celllineages, that of the 
hair follicle and that of the epidennis. 
One of the most striking features of a hair is its carefully regulated lgrowth cycle. Although the cellular 
and molecular mechanisms that occur during hair cycle, are not fully understood, the prese.nce of stem 
cells is necessary to maintain hair growth for a long period of time. We ha ve examined the influence 
of the hair cycle on the distribution of K-CFCs in rat vibrissal follit::les. lmportant modifications in the 
distribution of K-CFCs occured when a new growth cycle was initiated. Surprisingly, the number of 
KCFCs increased in the part of the follicle which underwent the niost important modifications during 
catagen phase. This pattem was highly reproducible. A nonnal distribution of the K-CFCs was then 
resumed as the growing phase (anagen) proceeded. Furthermóre, BrdU labelled cells were al.so 
present in this part of the follicle indicating that K-CFCs were act!vely multiplying. It is worth noting 
that the number of BrdU labelled cells located in the bulge of the vibrissal follicle did not increased 
significantly when a new growth cycle was initiated. Our results provide the first evidence that there 
are important modifications in the distribution of K-CFCs in the 'ltibrissal follicle when a new growth 
cycle is initiated.. 

Rcfcrences 
Bamndon, Y. (1993). Sem. Dev. Biol. 4, 209-215. 
BIITaodon, Y. and Greco, H. (1987). Proc. N.U. Acod. Sci. (USA) 84, 2302-2306. 
Cotsareli1. G~ S1111, T.-T. IDd Lavlcer, R. M. (1990). Cell 61. 1329-1337. 
Jone¡, P. H., IDd Watt. F. M. (1993). Ce11 73, 113-724. 
La-vkc:r. R. M.. IDd SUD T.-T. (1982). Scieo<:t: 2t5, 1239-1241. 
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Keratinocyte Stem Cells: Their Location and Mesenchymal Messages 
Tian Yang*, Da-Wen Yut, Robert M. La.vker* and Tung-Tien Sunt, tRonald 
Perelman Department of Dermatology and Department of Pharmacology, New 
York University Medical School, and "'Department ofDermatology, University of 
Pennsylvania Medical School. 

Keratinocyte stem cells ha ve been identified in the limbal region of corneal 
epithelium, the bottom of deep rete ridges ofpalm/sole epithelium, and more 
recently in the outer root shea.th of the upper follícle. The stem cells from these 
diverse tissues share certain features including a slow-cycling kinetics, a 
prim.itive cytology, anda unique environmental niche (Cell57:201, 1989; Seminar 
Develop. Biol. 4:405, 1993). In the case ofthe hair follicle, recent studies from 
tritium-labeling and cell culture studies suggest that follicular stem cells are not 
located in the bulb region, as was previously thought, but rather reside in the 
upper follicle in an area near the bulge (Cell61:1329, 1990). Interactions between 
the dermal papilla cells, a group of specialized mesenchymal cells of the follicle, 
and the normally slow-cycling epithelial stem cells may play a crucial role in 
initiating the next anagen. To better understand the molecular basis of this 
mesenchymaVepithelial interaction, we have screened for genes that are 
expressed specifically in the dermal papilla cells but not in the closely related 
fibroblasts using the random primed-PCR technique. A number of genes have 
been identified to fit this criterion. One ofthem encodes nexin 1, a potent serine 
protease inhibitor. The mRNA of nexin 1 was found to be dermal papilla-specific 
and underwent hair cycle-dependent changes reaching a peak level during 
anagen. The level of nexin 1 mRNA in severa! permanent rat vibrissa papillary 
celllines varied significantly, and these levels correlated well with the celllines' 
ability to support in vivo hair follicular reconstitution. These results suggest tbat 
nexin 1 may play a role in regulating follicular growth and differentiation (J. Cell 
Sci., in press). Studies of these genes which encode secretory products that can 
modulate proteases and extracellular matrix componente may lead to a better 
understanding of follicular regulation. 

p.abs.sun. spain.95.10 
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ROLE OF CELL ADHESION MOLECUU:S IN REGULA.TING KERATINOCYTE 

GROWTH AND DIFFERENTIATION 

Flona M. Watt 

Imperial Cancer Research Fund 
44 Llncoln'a lnn Flelds 

London. WC2A 3PX. England 

Wllhln the epidermis lhe basal !ayer of keratlnocytes adheres lo the underlylng 
basement membrane vla receplors of lhe lnlegrln famJly. In all of lhe Uvtng epldermallayers 
lntercellular adheslon .ts dependen! on cadherln receplors. lhe classlcal cadherlns (E· and 
P-cadhertn) and the desmosomal cadhertns (desmoco!Uns and desmogletns) . My laboratory 
IS ustng a comblnation of cell culture expertments and studles In lransgenlc m!ce lo sludy 
lhe funcllons of lntegrlns and classlcal cadhertns In regulatlng keratlnocyte growth and 
diiTerentiatlon. 

We have found thal lntegrtns not only medtate adheslon of keratlnocytes to 
extracellular noatrtx protetns. but also ensure that commttted cells are selectlvely expelled 
from the basallayer. L!gand btndtng by the p1 tntegnns serves as a negaUve regulator of 
termtnal diiTerenUatlon. The keratlnocytes wlth the htghest prollferatlve potenUal. stem 
cells. express hlgher lntegrtn levels than other cells wllhln the basal !ayer. Loss or 
mtsexpresslonnf lntegrtns profoundly affects cell behaviour. 

E- and P-cadhertn are requlred for assembly of keralinocytes lnto stratlfled. or 
multUayered, sheets. When cadhelin functlon !s lnhlblled prollferaUon ls reduced and the 
proport!on of cells that undergo terminal diiTerenUatlon ts tncreased. Epldermal stem cells 
express lower levels of E·cadherln lhan other basal cells. · 

The concluslon from our studies ts that cadhertns and lntegrtns play tmportant and 
complemenlary roles In regulaUng lhe growlh and diiTerenUalion of keratinocytes. There are 
sorne dala to suggest that there 1s cross-talk between the dlfferent classes of receptor and 
the mechanlsm 1s currently under tnvesugaUon . 
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CLONOGENIC KERA TINOCYTES IN EPIDERMAL HYPERPLASIA AND 

CARCINOGENESIS IN THE MOUSE. 

Morris, R.J., Coulter, K., Steinberg, S.R., Tryson, K.A. Lankenau Medica! Researcb Center, 

Wynnewood, PA 19096, U. S. A. 

Regenerative epiderrnal hyperplastic growth is both necessary and sufficient for the promotion of 

cutaneous neoplasms following a subtumorígenic ex.posure to a carcinogen, but its cellular 

mechanism remains unknown. A single application of 17 nmols of 12-0-tetradecanoylphorbol-13-

acetate (TPA) to CD-1 female mice induces wiúún 1 day a 2-fold increase in epidermal thickness 

that persists until day 4, after which the epidermis retums to normal thickness. Twice weekly 

applications ofTPA to uninitiated skln malntain the epiderrnal thickness. Twice weekly 

applications of TP A to initiated epidermis pro mote early papillornas by 6 weeks. To explore the 

cellular mechanism of hyperplastic growth, we in vestigated the role of the keratinocyte colon y 

forming units (kCFU) with high proliferative potential in the production and regression of 

epiderrnal hyperplasia induced by single and multiple applications ofTPA to control mice and to 

rnice initiated with 200 nmols of dimethylbenz[a)anthracene. We harvested epiderrnal cells from 

groups of rnice at intervals following treatment, seeded them at clonal density onto feeder layers, 

and cultured them for 2 to 4 weeks. Surprisingly, one day following a single application ofTPA 

to uninitiated skin when the epidermis was increasing in thick..'less and cell number, the number of 

kCFU did not increase over acetone controls. Likewise, 4 to 12 applications of TPA to uninitiated 

skin failed to in crease the number of kCFU. However, the number of kCFU increased 3-fold o ver 

control at 6 days following treatrnent with TPA, when the epidermis was regressing to normal 

thickness. Multiple applications ofTPA to initlated epidermis increased both the size and nurnber 

of kCFU in a time-dependent manner. These results suggest a tight control on the number of 

kCFU during epiderrnal hyperplasia, but a deregulation during the two-stage carcinogenesis. 

Supported by grant CA45293 from the N.I.H. 
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THE ROLE OF THE RETINOID SIGNALLING PATHW A Y lN FORMATION AND 
MAINTENANCE OF EPIDERMAL BARRIER FUNCTION. D.R. Roop1

, J.R. Bickenbach1, P.S. 
Attar, S. Imakado1

, J.A. Rothnagel1
, P.W. Wertz?-. 1Baylor College ofMedicine, Houston, Texas, 

1ñe University of Iowa, Iowa City, Iowa. 
Previous transgenic mice resulting from targeted disruption of retinoic acid receptors 

(RARa or y) or retinoid X receptor (RXRa) genes either failed to exhibit a skin phenotype, 
suggesting functional rcdundancy among RARs, or died in utero prior to formation of a 
functional epidermis. To produce a functional knock-out of the retinoid signalling pathway with 
a single targcting cvcnt, we expressed a mutant RARa (RARa403), which exhibits a broad 
spectrum of potcnt dominant ncgativc activity due to its ability to form inactive heterodimcrs. 
To avoid embryonic lethality, we targeted expression of RAR<l403 with an epidermal-specific 
vector which is expressed late in mouse development. This approach produced a profound skin 
phenotype resulting in neonatal lethality within 24 hours. Assays for transcpidcrmal water loss 
demonstrated that phenotypic skins lost water three times faster than controls and electron 
microscopy revealed the absence of lipid lamellar structurcs in thc stratum corncum of phenotypic 
epidermis, suggesting a defect in lipid metabolism. Thcsc transgcnic rcsults, implicating thc 
retinoid signalling pathway in modulation of lipid metabolism are novel for the epidermis, but 
not for other tissues. In the liver, RXRs form heterodimers with peroxisome proliferator 
activated reccptors (PPARs), which are also members of the nuclear hormone receptor 
superfamily and regulate expression of genes encoding hydrolytic en;¡;ymes. To examine the 
poten tia! role of thi.'i pathway in generating the phenotypes observed in our transgenic m ice, we 
have determined that PPARs are cxprcsscd in the epidermis. Furthennore. we have demonstrated 
that transfection of RAR<l403 into primary keratinocytcs b1ocks transactivation of a PPAR 
reportcr construct, probably due to the ability of RARa403 to bind to and scqucstcr RXRs. 
Hydro1ylic enzymes are required for formation of multilamellar lipid structures between 
corneocytes. An analysis of the lipid composition of phcnotypic epidermis has confirmed a 
defect in lipid processing. Our rcsults suggest that genes which encode enzymes invo1ved in 
hydrolysing epidermal lipids may be rcgulated by RXRsiPPARs and their cognate ligands. 
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REGULATION OF EPIDERMAL DIFFERENTIATION BY THE PRDTElN KINASE e 
PATHWAY. Stuart H. Yuspa. Andrzej A. Dlugosz, Mitchell F. DeMing, Yun Sil Lee and Susan 
Rutberg, Laboratory ofCellular Carcinogencsis and Tumor Promotion, National Cancer Institute, 
Bethesda, MD. USA 

Mouse keratinocytes express S isofonns ofprotein kinase e (o:,5,e,(,'1 (1). During Ca2
'­

induced keratinocytes differentiation, intracellular diacylglyccrollevels increase and protein kinasc 
e (PKC) o:, a and E translocate from the cytosol to the particulate fraction indicating enzyme 
activation (2). Phannacological activation of PKC by treatment of cultured keratinocytes with 
phorbol esters or exogenous diacylglycerol induces transcription oflate markers ofkeratinocytc 
differentiation such as loricrin, filaggrin, spr1 and keratinocyte transglutaminase, accelerates 
cornification, and inhibits expression ofkeratins 1 and 10 (3,4). Pharmacological inhibitors of 
PKC prevent late markcr expression and block cornification (3,4). Together, thcse results 
indicate protein kinase e is an important signa! transducing pathway that regulates the terminal 
phase ofkeratinocyte differentiation. Among the isofonns ofPKe involved in keratinocyte 
differentiation, PKC et seems particular! y relevant to expression of differentiation markers, since 
inhibition ofthis isoform by spccific antisense oligonucleotides reduces the exprcssion of loricrin , 
filaggrin and keratinocyte transglutami.nase. Furthermore, PKC & may also be relevant to terminal 
differentiation since this enzyme is tyrosine phosphorylated late in the terminal phase of 
maturation. To detennine the nuclear target through which PKC activation controls transcription 
ofkeratinocyte-specific gene expression, the AP-1 family of transcription factors was analyzed in 
cultured keratinocytes induced to differentiate by Ca2

' . DNA binding activity ofFral, Fra 2, e­
Jun. Jun B and Jun D increased in differentiating keratinocytes. Increased DNA binding was 
associated with an increase in the nuclear content ofthese transcription factors and in sorne cases 
to thcir modification by phosphorylation (S) and involved activation ofPKC, particularly PKCa 
(5). Paraáoxically, overalllevels of AP-1 -mcdiatcd transcriptionalactivity were decreased in 
differentiating keratinocyte suggesting a role for AP-1 as a negative regulator of gene expression. 
While c-Fos was nota component ofthe AP-1 DNA binding complex during nonnal keratinocyte 
differentiation, elevation of c-Fos by pharmacological induction or by transfection of a c:fos 
expression plasmid changed the AP-1 activity from a transcriptional repressor to a transcriptional 
activator. These results suggest that the acLivi!y ofPKC and AP-1 in regulating keratinocyte gene 
expression is detennined by the complement of AP-1 family members expressed at the time 
keratinocytes receive the differentiation signa!. Factors or conditions that alter the activation state 
ofkeratinocytes will modifY the cxpression ofkeratinocyte-specific differentiation markers in 
response to a signa! to differentiate. These results may explain ambiguities in the interpretation of 
expression data in studics using keratinocytes cultured under diverse conditions and reveal a 
mechanism whereby the program ofkeratinocyte differentiation is altered in pathological 
syndromes. 
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Targatlng atromal protelnu .. In the treatment of eplthellal maRgnanclea. 

Paul Buset, lGBMC, CNRS/INSERMIULP, lllklrch, Franee 

The matrlx metalloprotelnasas (MMPs), aleo known as matrlxlns (1 ), are 

axtraeellular zlne-anzymea that medlate a number of tlasue remodellng procaaaes, 

lneludlng thoee aesoelated wlth canear progreteion (2) . Most MMPa have baen 

shown to cleave at leaat one componen! of the extracellular matrlx (ECM) (3). Thls 

observatlon has lad to the eoncept thal durlng tumor progreaalon canear cells 

expresa MMPe In ordar to dlarupt the ECM and invade adjacent tluues {4) . 

However, lt has baen found that soma MMPa lmpllcated In the prograsslon of 

human carcinomas ware not expreued by the canear cells themaalvea, but by 

stromal celia aurrounding them. ·Thus, atromelyaln-3 (ST3), galatlnase A, and more 

recently MT·MMP1 have been iound to be apeciflcally expreaaed in flbroblastlc 

celia of human carcinomas (S and reta tharein). 

Tha stromal expreaaion of MT·MMP1 In human carcinomas is of particular 

lmportanca. This membrane-bound MMP is a progelatlnase A aetivator (6). 

Gelatlnase A la secretad aa a zymogen (progelatinaae A) whlch la balleved to be 

activated at the membrana cell-aurfaee by blndlng dlractly or lndlrec:tly to ·MT-MMP1 

(7, B). Tha obaervatlon that progelatlnaae A and lte mambrane-bound actlvator ara 

expressed by the aame flbroblastic cells in human carcinomas suggesta that 

atromal celia are both an lmportant source of proteolytlc actMtles and a target for at 

laast part of these actlvities. Thls flndlng aleo suggeets that during human 

carcinoma progreaslon MMPa eontrlbute to aspecta of the mallgnant phenotype 

other than tha dlrect promotlon of cancer cell lnvaelon. Thla poeelblllty ls e.lao 

conalatent wlth observatlone ehowlng that MMP expreaalon In atromal celia of 

human carcinomas can be detectad before they beoome lnvaalve (9). 

Synthetlo MMP inhlbltors are balleved to repreaent a naw clase of potentlal 

antleancer agants(10). Targetlng proteinases produced by atromal cells rather than 

cancer cena may·have severa! advantagee, and would allow the ldentlflcation of 

new antlt11mor agents capable of actlng aynergistlcally wlth thoae preaently used. 

Although bread apectrum lnhlbltors have been euecessfully developed (11), lt ls 

currently belleved that lnhlbltol'$ apeclfio for each MMP should be designad (10). In 

thla context, ST3 whlch hae been shown to lncrease tha tumor take of human 

eancer celia In nude mlce (12), la an attractlve target. ST3 has been fo~nd to be 

over-expressed In moet human lnvaalve carcinomas (9), and lt exhiblts unuaual 

functional propertles. In contraet to other MMPa, ST3 cannot cleave any of the 

major ECM moleoulea (13, 14), and the proST3 actlvatlon pathway la so far unlque 

among MMPs {15, 18). 
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PREVENTION OF SCARRING DURING ADULT WOUND BEALJNG 

Professor Mark W J Fergnson, Dean, S<:hool of Biological Sclences, University of 
Manchestet", 3.239 Stopford Building, Oxford Road, Mancbester, M13 9PT, UK. 
Telephone 161 275 67751 fax 161 l1S 5945. 

Scarring folluwing wound healing is a majar medica! problem with adverse aesthetic 
functional and growth sequclae. Control of ~rring is of major importance following surgery 
or trauma to any body organ. 

Wounds made on mammalian embryos during the first half of incubation heal perfeclly with 
no cvidcnt signs of scarring. We have investigated the cellular and molecular basis of this 
scar free embryonic healing. A number of cxpcriments indicate that scar free healing is not 
related to the. unique wann, moist, sterilc, embryonic environment. A major differeoce 
belween embryonic wounds which heal without scarríng and adult wounds which scar is the 
inflammatory cell infiltratc and bcnce growth factor profile at the wound site. In tbe embryo 
the immune system is poorly developed. Consequently, there ís a markedly reduced and 
qualitatively different inflammatory cell infiltrate . Levels of growth factors, such as TGF.f'l 
and 2, are markedly reduccd compared to adult wound healing. We have utilízed thís 
information to experimentally manípulate adult wounds. Exogenous topícal applicatíon of 
neutralisíng antihodics to TGF/31 and TGF¡32 virtually eliminates sc.arring in healing adult 
cutaneous wounds. Conversely, neutralising antibodics to TGF/33 have no advantageous 
effects. Interestingly, exogenous administration of TGF¡33 also markedly inhibits scarring. 
Recen! expetiments utilizing transgenic animals add further evidence to the view that there 
is a profound inleraction· between TGF¡33 and TGF/31 and 2. Activation of latent TGFJ3 
requircs binding at the mannose-6-phosphate receptor, transglutaminase activily and in some 
systems, thrombospondin or derivatives thereof. We have sbown, experimentally, that 
anLagonists of tissue type 2 transglutaminase and inhibitory thrombospoodín peptides can have 
a minar anti scarring actívíty. By contrast exogenous addition of mannose-6-phosphate has 
a marked anti scarring activity and in addition, accelerates wound collagen deposition. 
Extensive expetiments and devetopment of mannose-6-phosphate asan anti-sc.arring agent has 
revealed its potential clinical utílíty. We hypothesize that phylogenetically wounds have been 
optimiz:ed for speed of healing undcr dirty conditions. This results in an inflammatory and 
growth factor overdrive. Modulation of the growth factor profile by, for example, altering 
the ratio of particular cytokincs, eg. TGF/33 relative to TGF/31 and 2, can markedly improve 
the evolutionary side effect of scarring without adver.;ely affecting the speed or any othcr 
parameter in tbc wound healing proccss. These observations havc majar therapeutic potential. 
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THE ROLE OF KGF AND KGF-REGULATED GENES IN EPITBELIAL 

MORPHOGENESIS AND WOUND REPAIR 

Sabine Werner, Maria Brauchle, Grise/dis Hübner, Stefan Frank and Barbara Munz 

Max-Planck-Institutfor Biochemie, Am Klopferspitz IBa, 82152 Martinsried 

Recent studies from our laboratory have provided evidence for an important role of 
keratinocyte growth factor (KGF) in wound repair. Thus, expression of this growth factor is 
highly induced during normal wound healing in mice and men (Wemer et al, 1992) and 
wound healing abnormalities as seen in glucocorticoid-treated mice are accompanied by a 
defect in KGF regulation (Brauchle et al, 1995). Finally, inhibition ofKGF receptor signalling 
in the epidermis of transgenic mice caused epidermal atrophy, dermal hyperthickening, hair 
follicle abnormalities and severe defects in wound reepithelialization (Wemer et al., 1994). To 
determine potential mediators ofKGF action in the skin we used the Differential Display PCR 
technology to identify KGF-regulated genes in keratinocytes. Thereby we identified two novel 
genes which are upregulated in these cells by KGF but not by other keratinocyte mitogens. 
Ex:pression of these genes correlates with KGF ex:pression during wound healing, suggesting 
that KGF might also be a regulator ofthese genes in vivo. The possible function ofthese genes 
in normal and wounded skin will be discussed. Besides these unknown genes we also identified 
severa! known growth factors which are regulated by KGF. These include vascular endothelial 
growth factor (Frank et al, 1995) but also members of the transforming growth factor B 
superfamily such as activin. To determine a possible function of activin in the skin we analysed 
the ex:pression of this factor during the wound healing process. Thereby we found a striking 
induction of the activin BA chain and to a minor extent also the B8 chain within a few hours 
after skin injury. Wheres the BA chain was ex:pressed in a distinct population of cells within the 
granulation tissue, B8 mRNA was found exclusively in the keratinocytes of the 
hyperproliferative epithelium at the wound edge (Hübner et al., 1996). These results suggest 
multiple autocrine and para crin e activities of activin during the repair process. 
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GENERATION OF STABLY TRANSDUCED 

HUMAN EPIDERMAL STEM CELLS. 

Monica Beatriz Mathor*
0

, Giuliana Ferrari§, Elena Dellambra*
0

, Fulvio Mavilio§, 
Ranieri Cancedda* and Michele De Luca•o. 

"/DI, lstituto Dermopatico de/1'/mmaco/ata, Roma, Ita/y, •cBA, Advanced Biotechnology Center, 

Genova, Ita/y, and §The Telethon Gene Therapy Program, 0/B/T-H.S. Ra/(aele, Milano, Ita/y. 

Systemic delivery of recombinant proteins by autologous grafts of genetically 
modified keratinocytes has a number of potential applications for gene therapy of 
inherited and acquired disorders. We have transduced human primary 
keratinocytes with retroviral.vectors expressing a bacteria! ~-galactosidase (~-gal) 

gene or a human interleukin-6 (IL-6) cONA under control ot long terminal repeat. 
The highest transductior.~ efticien9y was obtained when keratinocytes were seeded 
for 3 days on a feeder-layer composed of a 1 :2 mixture of lethally irradiated 3T3-J2 
cells and producer GP+env Am12 cells . Efficiency of gene transfer averaged 
approximately 50% and 95% of clonogenic keratinocytes for ~-gal and IL-6 
respectively, as revealed by ~-gal staining and IL-6 radioimmunoassay on isolated 
clonogenic cells. Exposure to G418 reduces the growth potential of transduced 
epidermal cells. Therefore, we avoided G41.8 selection in order to evaluate the lite­
time of transduced cells as well as the transduction of stem cells. Transgenes were 
stably integrated and expressed for more than 150 generations. Transduced 
keratinocytes secretad IL-6 at an average rate of approximately 350 ng per 1 os 
cells per day during their entire life in culture. The direct demonstration of stem cell 
transduction was obtain.ed by clonal analysis of IL-6-transduced keratinocytes. 
Clonal analysis showed ·that both epidermal stem cells and their transient 
amplifying progeny expressed the transgenes permanently. Analysis of the 
integrated proviral genomes showed multiple stable integrations (1 to 15) for each 
clonogenic cell. Cultures generated from isolated clones produced IL-6 at levels 
between 150 and 1090 r~g per 1 os ce lis per da y. Secretion of IL-6 in the culture 
medium by cloned keratinocytes was related, although not proportional, to the 
number of proviral integrations. When cohesive epidermal sheets prepared from 
transduced cells were grafted onto athymic mice, IL-6 was detected in the 
circulation at levels corresponding to 6% and 95% of the values expected from IL-6 
secretion in vitro by attached keratinocytes and detached epidermal sheets 
respectively. Since human keratinocytes generate cohesive sheets of autologous 
epithelium routinely used ior the permanent coverage of large skin defects, stable 
transduction of epidermal stem cells creates the very attractive possibility. of long­
term treatment of genetic disOfders, both epidermal and systemic. 
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Edema and cutaneous interna! hemorrhage In transgenic mice 
overexpressing the \VEGFNPF in suprabasal epidennal cells. 
E. Larcher, R. Murillas and ].L. ]orcno. Cell and Molerular Blology Oepartment. IMA. 
ClEMAT. Madrid, Spain. 

1 

1 

In 01ddition to it> fundamental role in tumor angiogenesis, exPre.ssion of VEGFNPF by 
keratinocytes has been shown to be lmportant in severa! non onco~nic proc:esses of sldn 
su eh as psoriasis, wound healing and other lnflammatory deseases. To further Charactertze 
the effeas of VEGFNPF in sk:ln in vivo we have developed transgenic. m ice expressing 
me mouse VEGF ( 120) under the control of keratln K6 regulatory sequences (a 2,4 kb 
5'fragment). So far, two healthy and viable founder mice have been identified. One of 
the founders developed scattered red spots througttout the sldn. This animal was shown 
to be highly mosaic and transmitted poorty to its offspring. However, · the transgenic 
prOEellY developed a ~ng phenotype characterized by-swelltng and erytherna. and die 
few da)') after birth. l¡tistologicai ex;:¡mination of stdn of transgenlc animals showed 
increased vascularlzatlon, edema and extravased red bloot1 cells as a consequence of 
augmented blood vessel benneabilization. Immunopredpitation of3$S methionine labelled 
protelns released to the medium of prfmary culture of transgenfc. epidermal ceJis. 
Clemostrate a hlgh expression of VEGF as compared to cells ft'om control littennates. 
Although this lethal l'henatype, as a c.onseQuence of high transgene copy number and 
expression, predudes extensive exper1mentatlon, we are currently generating new 
transgenic lines that should enable us to perfonn antiangjogenic drug testing and srudies 
on the role of VEGFNPF in skin carcinogene.sis and other skin deseases. 



Instituto Juan March (Madrid)

34 

CELL CYCLE CONTROL IN EPIDERMAL KERATINOCVTES 

C. J. Conti. A. l. Robles, L Martinez and S. M. Fischer; The University of Texas M.O. 
Anderson Canear Center, Dept. of Carcinogenesis, Science Park, Smithville, TX 78957 

The cell cycle has been shown to be controlled by at leas! three elements: cyclin 
dependen! kinases (cdk's), the catalytic partners of cyclins, labile proteins that activate 
the cdk's, and at least two familias of inhibitors of cdk kinase activity. The balance in the 
expression and activities of cdk's cyclins, and cdk inhibitors seems to regulate the 
passage of cells through the different stages of the cell cycle. 

Epidermal keratinocytes are an interesting modal for studying the regulation of 
the cell cycle in vivo and in vitro. In vivo proliferation is restricted in normal epidermis to 
the basal cell layer. As cells exit the proliferation pools and start the epidermal 
differentiation program, they move to the suprabasal layers and form the malpighian 
layar. Thus, in the epidermis the proliferative and differentiation compartments are 
clearly separated and can be distinguished morphologically. In vitro, keratinocytes can 
be modulated to imitate their in vivo behavior through the use of growth factors and the 
regulation of extracellular calcium. 

We have studied the expression of cyclins in mouse keratinocytes after 
stimulation with a variety of growth factors. Cyclin 01 is induced in response to specific 
growth factors, such as epidermal growth factor (EGF) and keratinocyte growth factor 
(KGF) which do not alter the expression of other cyclins and cdk's. In collaboration with 
A. Glick and S. Yuspa we have also observad a marked expression of cyclin 01 upon 
transduction with an activated ras gene. 

Differentiation of mouse keratinocytes was induced by switching the Ca2
+ 

concentration in the culture medium from 50 J.!M to 1.2 mM. The high calcium 
concentration is known to induce morphological changas, the expression of 
differentiation markers and permanent cell cycle withdrawal within 24 hs of the calcium 
switch. In order to determine the mechanisms involved in the cell cycle withdrawal in 
response to calcium, we studied the expression of cell cycle proteins within 24 hs of the 
calcium switch. Cyclins 01 and 02 are downregulated at the steady state level, but 
cyclin 03 is detectad well after DNA synthesis has ceased. Cyclin E is present with two 
isoforms that exhibit different behavior during keratinocyte differentiation. Furthermore 
the cdk's also show different modas of regulation. Whereas cdk2 protein levels 
decrease along with DNA synthesis, cdk4 and cdk6 do not undergo any appreciable 
changas. Expression of two cdk inhibitors was also examinad. p21 was upregulated 
within the first 6 hours of the calcium switch but p27 was not affected. 

Curren! studies are being pursued to investigate cell cycle regulation in 
keratinocytes derivad from cyclin 01 null mice (obtained from Dr. R.A. Weinberg) and 
cyclin 01 transgenic mice (obtained in collaboration with Dr. J. L. Jorcano), and to 
define the role of cyclin 01 in the epidermis in vivo. Preliminary experirnents suggest 
that cyclin 01 by itself can regulate proliferation in the epidermis and may be a 
downregulator of ras transformation. (Supported by grants CA 42157 and CA 57596). 
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RE-EXPRESSION OF LAMININ-5 BY TRANSFECI10N OF TIIE LAMININ "{2 
CHAIN cDNA CONFERS CHANGES IN CELL MORPHOLOGY, MOTILITY AND 
ADHESION OF JUNCTIONAL EPIDERMOLYSIS BUll..OSA KERATINOCYTES. 
L. Gagnoux, J. Vailly, E. Wagnerl .. J.-P. Ononne and G. Mene~zzi. INSERM U385, 
Faculté deMédecine, Nice, France, 1 Boehringer Ingelheim R&D, 1121 Vienna, Austtia. 

Herlitz juncñonal epidermolysis bullosa (H-JEB) is characterized by an abnonnal 
synthesis of the laminin-5 thar reduces the adherence of the diseased keratinocytes. To 
achieve the phenotypic reversion ofH-JEB cells, we transferred the fulllength lam.inin 
r2 cDNA into immortalized H-JEB keratinocytes (cell line LSV5) that carry the 
homozygous mutation R95X in the laminin "'(2 chain. Using a polylysin-transferrin-DNA 
complex associated with a defective adenovirus, the o:ansfected cells actively synthesized 
the recombinant r2 chain. The polypeptide associated with the endogenous a3 and ~3 
chains to form mature laminin-5 that was deposited on the tissue culture subsrrare. 
Persistent expression and secretion of laminin-5 were also obtained upon infection of the 
H-JEB keratinocytes with a retrovirus expressing the laminin y2 chain. 
Immunofluorescence analysis of stratified epithelia obtained with the rransfected 
(LSVSR) cells demonstrated the polarized secretion of the recombinant laminin-5. 
Incorporation of the molecule in the basement membrane produced by LSV5R cells 
inoculated subcutaneously in nude míce was also observed. Re-expression of the 
laminin-5 enhanced the.adherence of the H-JEB kerarinocytes that, compared to parental 
LSV5 cells, presented a-closer apposition of the ventral plasma membrane ro the culmre 
substrate and a flattened morphology. These observations correlated with a 
reorganization of focal adhesions, which in the rransfectams displayed the shape and 
distribution observed in normal keratinocytes. Synthesis of laminin-5 also enhanced the 
adhesion srrength of the H-JEB keratinocyres, as detennined by a cen binding assa y, and 
reduced their motility, as shown by a phagokineric rrack assay. These results demonstrate 
that re-expression of a functional laminin-5 induces a phenotypic reversion of the 
diseased phenotype and open new perspectives to the study of epithelial adherence in a 
physiologic and pathoklgic context. 
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INVOLVEMENT OF EGFR IN POSTNATAL SKIN DEVELOPMENT ANO EPIDERMAL 
NEOPLASIA INDUCED BY THE v-raSia ONCOGENE. A.A. Dlugosz, l.A. Hansen, C. Cheng, 
N. Alexander, M.E. Hogan•, J.P. Sundberg•, D.W. Threadgill .. , T. Magnuson••, and S.H. 
Yuspa. National Cancer lnstitute, Bethesda, MD, *The Jackson Laboratory, Bar Harbar, ME, 
and ••case Western Reserve University, Cleveland, OH. 

The epidermal growth factor receptor (EGFR) has been implicated as a fundamental regulator 
of cutaneous morphogenesis and keratinocyte growth in both normal and diseased skin. 
Analysis of mice in which the EGFR gene has been genetically disrupted provides direct 
evidence that EGFR function is essential for normal ha ir follicle development during the 
perinatal period: EGFR -/- m ice develop a fuzzy coat of hair with marked disorganization of 
follicular structures within the dermis (1-3) . Since postnatal analysis of these m ice is limited 
due to multi-organ failure and death within 2-3 weeks of birth, grafting studies were undertaken 
using immune-deficient nude mice as hosts. The abnormal phenotype of hair follicles seen in 
EGFR -/- mice was reproduced in transplanted EGFR -/- skin as well as in grafts of EGFR -/­
hair follicle buds combined with either wild-type or EGFR -/- dermal ce lis. In contrast, normal 
hair follicle formation was observad when wild-type follicle buds were grafted with either wild­
type or EGFR -/- dermal cells, indicating that disruption of EGFR function in the epithelial 
componen! of follicles is sufficient to produce the phenotypic changes seen in intact EGFR -/­
skin. Although the initial stages of ha ir follicle development appeared unimpaired in EGFR -/­
mice. beginning at 5 days after birth there was a progressive alteration in the morphology of 
hair follicles characterized by prematura keratinization of both the hair shaft and inner root 
sheath . Consisten! with these morphological observations, transglutaminase activity, keratin 6 
protein , and mRNA encoding two hair-specific keratins, mHa2 and hacl-1 , were detected 
prematurely in EGFR -/- hair bulbs. Furthermore, scanning electron microscopy revealed 
dramatic alterations in the structure of EGFR -/- hairs, including flattening of the hair shaft, 
longitudinal grooves, thinning of cuticle cells, and variation in hair shaft diameter. Although 
robust hair growth was observad in wild-type skin transplants from 2 to 10 weeks after grafting . 
ha ir growth in the EGFR -/- skin transplants decreased beginning at 4 weeks with complete loss 
of hairs in 67% of the EGFR-<Ieficient grafts by 8 weeks post-grafting. Hair loss in EGFR -/­
grafts was associated with progressive deterioration of hair follicles leading to their ultimate 
disappearance, the presence of a mixed inflammatory-cell infiitrate, and a residual 
hyperproliferative epidermis (BrdU labeling index -3-fold higher than in wild-type grafts), 
corroborating results reported for transgenic m ice expressing a dominant-negative EGFR 
targeted to the skin (4) . Our findings indicate that EGFR plays a critica! role in hair follicle 
morphogenesis, biochemical differentiation, and hair shaft formation, and is thus essential for 
maintaining the integrity and long-term "survival" of the follicle. In contras!, the requirement for 
EGFR function is less stringent, if not dispensible, for proliferation of keratinocytes in both the 
hair follicle and epidermis. 

Data from human and animal studies suggest that activation of the EGFR signaling pathway 
is involved in growth regulation of a variety of epithelial tumors . The v-rasH• oncogene up­
regulates expression of transcripts encoding tour EGFR ligands in cultured murine epidermal 
keratinocytes, and in squamous papillomas produced by grafting these cells onto nude mice 
(5). The involvement of these growth factors in phenotypic responses to oncogenic Ras was 
tested using primary keratinocytes isclated from EGFR -/- and wild-type mice. In vftro , 

recombinant EGFR ligands (EGF, TGFa, amphiregulin , betacellulin , and HB-EGF) stimuate 
proliferation of wild-type but not EGFR -/- keratinocytes. Similarly, conditioned medium from v­
rasH•-transduced keratinocytes is mitogenic for wild-type but not EGFR -/- keratinocytes. Since 
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the proliferative response of EGFR -/- cultures to multiple other mitogens is intact, ligands 
signaling through EGFR are thus likely to be the predominan! keratinocyte mitogens secreted 
by v-ra.sH"-transformed keratinocytes. Oncogenic Ras causes characteristic alterations in the 
terminal differentiation program of keratinocytes. Expression of the spinous cell differentiation 
markers keratins 1 and 1 O is blocked by v-ra~· in wild-type but not EGFR -/- cultures, 
confirming our earlier studies linking this differentiation defect in ras-transduced keratinocytes to 
EGFR activation (6). In contras!, aberran! induction of keratin 8 by v-ra~ is observed in cells 
of either genotype, indicating that this response to oncogenic Ras is not dependen! on EGFR 
function . In vivo, growth of tumors produced by grafting v-ra~ keratinocytes onto nude m ice is 
impaired in cells lacking functional EGFR: 26 days after grafting, the mean volume of EGFR 
-1- v-ra~· tumors was 79% lower than that of tumors produced by grafted wild-type v-ra~· 
keratinocytes. v-rasH• keratinocytes of both genotypes produced lesions that were grossly and 
histologically benign squamous papillomas, and no differences were detectad in keratinocyte­
specific marker expression (K1, K13, KB, loricrin, filaggrin) or incidence of apoptotic cells 
among tumors of different genotypes. lnterestingly, in EGFR -/- v - ra~· tumors, BrdU-Iabeled 
nuclei were detected in severa! suprabasal celllayers, whereas nearly all BrdU-labeled nuclei in 
wild-type papillomas were restricted to the basal or first suprabasal celllayer. Our findings 
indicate that although Ras-induced papilloma formation is not absolutely dependen! on EGFR 
function , inhibition of a sub-set of responses to v-ra~· in EGFR -/- keratinocytes suggests that 
certain aspects of the neoplastic phenotype are mediated by autocrine or paracrine activation of 
this signaling pathway. 

1) Threadgill, D.W., Dlugosz, AA, Hansen, L.A., Tennenbaum. T., Lichti, U., Yee, D., LaMantia, C. , 
Mourton, T., Herrup, K., Harris, R.C., Bamard, J.A., Yuspa, S.H., Coffey, R.J. Jr., and Magnuson, T. 
Targeted disruption of mouse EGF receptor: effect of gene tic background on mutan! phenotype. Science 
269: 230-234, 1995. 

2) Sibilia , M., and Wagner, E. F. Strain-dependent epithelial defects in mice lacking the EGF receptor. 
Science 269: 234-238, 1995. 

3) Miettinen, P.J., Berger, J.E., Meneses, J., Phung, Y., Pedersen, RA, Werb, Z., and Derynck, R. 
Epithelial immaturity and multiorgan failure in mice lacking epidermal growth factor receptor. Nature 376: 

337-341' 1995. 

4) Murillas, R., Larcher, F., Conti, C.J., Santos, M., Ullrich, A., and Jorcano, J.L. Expression of a 
dominan! negative mutan! of epidermal growth factor receptor in the epidermis of transgenic mice elicits 
striking alterations in hair follicle development and skin structure. EMBO J. 14: 5216-5223, 1995. 

5) Dlugosz, AA, Cheng, C., Williams, E.K., Darwiche, N., Dempsey, P.J., Mann, B., Dunn, A.R., Coffey, 
R.J . Jr., and Yuspa, S. H. Autocrine transforming growth factor alpha is dispensible for v-rasH•-induced 
epidermal neoplasia: potential involvement of alternate epidermal growth factor receptor ligands. Cancer 
Res. 55: 1883-1893, 1995. 

6) Cheng, C., Tennenbaum, T., Dempsey, P.J., Coffey, R.J ., Yuspa, S.H., and Dlugosz, AA. 
Epidermal growth factor receptor ligands regulate keratin 8 expression in keratinocytes, and transforming 
growth factor alpha mediales the induction of keratin 8 by the v-ra~ oncogene. 
Cell Growth Differ. 4: 317-327, 1993. 
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OVEREXPRESSION OF WJLD. TYPE AND DOMINANT NEGATIVE EGFR FORMS 
IN THE SKIN OF TRANSGENIC MICE. 
R. Murilll!S. F. Larcher, C.J. Conti, M. Santos, A. Ullrich and J.L. Jorcano. Dpt. of Cell 
and Molecular Biology, CIEMAT, Madrid. 

Signaling through the EGFR is thought to be a fundamental event in the regulation of 

epidermal biology. Addition of EGFR ligands (EGFffGF-a) promotes growth of cultured 
keratinocytes and EGF injection provokes hyperproliferation of the epidermis and delay in 

hair follicle development. In addition, overexpression of EGFR and its ligands has been 
detected in a variety of epithelial carcinomas, including squamous cell carcinomas. 
To analyze in vivo the role of EGFR in skin, we have generated transgenic mice expressing 

this gene or a dominant negative (DN) mutant form under the control of the keratin K5 
promotor. Animals expressing the DN receptor are small and present clear abnormalities in 
the structure and development of their hairs, leading to alopecia. Other epithelia, such as 
cornea and mammary gland, are also affected. 
Histological examination demonstrates that hair follicles fail to enter into catagen stage and 
subsequently degenerate. These alterations lead to necrosis and disappearance of the follicles, 
accompanied by strong inflltration of the skin with inflammatory elements . Treatment of 
these animals with glucocorticoids as well as grafting their skins to immunodeficient hosts 
iudicates that follicle degeneration is a direct effect of transgene expression that occurs in the 

absence of inflammation. 
Biochemical experiments dernonstrate that the DN receptor was effectively blocking not only 
the phosphorylation of EGFR but also that of HER2. In spite of these facts , s.c. injection of 
EGF into newborn transgenic mice produces strong epidermal hyperplasia and inhibition of 
follicle growth, to a degree much higher than that observed in control littermates. 
Biochemically, e-fas mRNA induction in the skin was also stronger and more prolonged in 
rransgenic DN mice. Altogether, these results demonstrate that, although the DN receptor 
prevents EGFR phosphorylation, there is an increased effect of EGP in the skin of DN 

transgenic mice. 
Finally, two stage skin chemical carcinogenesis experiments curren ti y under way, indicate 

that these transgenic mice are rather resistant to develope tumors by this protocol. 
Transgenic mice overexpressing the human wild-type (WT) receptor do not show any 
observable phenotype. Biochemical experiments demonstrate that the WT receptor is strongly 
expressed and that it is phosphorylated upon EGF s.c. injection. However, this treatment 
does not produce any effect on the structure or mitogenic rate (measured as BrdU 
incorporation) of the skin. 

REFERENCE: 
R. Murillas, F. Larcher, C.J. Conti, M. Santos, A. Ullrich and J. L. Jorcano. Expression of 
a dominant negative mutant of epidermal growth factor receptor in the epidermis of 
transgenic mice elicits striking alterations in hair follicle development and skin structure 
(1995). EMBO J. 14, 5216-5223. 
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TGFf31 in epithelial growth control and carcinogenesis in the mouse 
RJ. Akhurst, Deparanentof Medical Genetics, Glasgow University, Yorkhill, 
Glagsow G3 8SJ 

TransforÍning growth factor (31 (TGFf31), is a potem negative epithelial growth 
regulator anda modulator of cellular phenotype, which has been proposed to play an 
important role in epithelial homeostasis and carcinogenesis. TGF(31 is induced in 
mouse epidermis in response to the twnour promoter, 12-0-tetradecanoyl-phorbol-13-
acetate (TPA). (Akhurst et aL, 1988; Krieg et aL, 1991; Fowlis et aL, 1992), as is its 
type II receptor (Cui et aL, 1995), and its ex-pression is often elevated in tumour cells 
in vivo (Derynck et al., 1987; Dickson et al, 1987; Gamella et aL, 1989). However, 
much conrroversy exists as to its exact role in control of epidermal homeostasis, and its 
contributi.on, if any, ro the our.growth and phenotype of tumours in vivo. 

As a functional approach to address the role of this growth factor in epi1helial 
homeosrasis and car.cinogenesis, transgenic mice were generated which expressed 
TGF(31 targered to supra basal keratinOC}ies_ Either a 5 Kb bovine KlO (constitutive, 
two lines) or 2.2Kb K6 (inducible, 7 !in es) promorer were used (Cui et aL, 1995; 
Fowlis et aL, 1996) to drive expression of !atent or activated TGFf3l. The KlO 
transgenes were constituti.vely expressed. The short (22Kb) K6 prometer element was 
general! y silent in un:reated animals. but \\"aS induced in keratinocytes when placed m 
culture or. in vil•o. in response to hyperplasia which follows topical applicati.on of the 
tumour promoter, 12-terradecanoyl-phorbol-13-acetate (TP Al. In one exceptionalline 
(M5) . the K6 prometer was constitutively e>.:pressed. 

All·the TGFf31 tranSgenic lines studied showed anenuation of the basal 
keratinocy1e proliferaüve response to TPA, as a consequence of inducible TGFf31 
gene expression_ Surprisingly, the mice wim constiturive ex'Pression of TGFf31 showed 
a two to three fold increase in steady state epidermalla.bclling index o ver control mi ce 
(Cui et aL. 1995: fowlis et al., 1996). Interestingly. quiescent epidermis e.~ed very 
low levels of Tf3Rll, which increased in response to TP A treatment, correlating with 
acquisition-of the negative growth response to TGF(31. Thus, Lhe growih response of 
kerati.nocytes to TGFf31, whether positive or negative, rnight be determined by 
expression levels of Tf3Rll. 

To address the function of TGFf31 in skin carcinogenesis m vivo, 5 of the 
transgenic UJice lines, ,(one KlO line and 4 K6 lines) were subjec-..ed to long term 
chemical carcinogenesis treatment with a single dose of DMBA., followed by biweekly 
application ·of TP A .. for 20·weeks (Cui et al. 1996). The transgerñcs were more 
resistant to induction of benign skin tumours than controls, but the malignant 
conversion rate was vastly increased.. There was aLc;o a higher incidence of highly 
malignant spindle cell carcinomas which expressed high lev-els of endogenous TGFf33, 
suggesting that TGF(31 elicits an epimelial-mesenchymal rransition in vivo, and that 
TGFf33 rnight be involved ín maintenance of the spindle cell phenotype_ Thus, TGFf31 
has biphasic action during multistage skin carcinogenesis, acring early as a tumour 
suppressor, but later enhancing the malignant phenotype. The potentially adverse 
effects of this grov:th factor should be considered \Vhen designing therapeutic 
inrerventions utilising TGF(3 agonists. 
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Overexpression of Bone Morphogenetic Protein-6 in the 
Epidennis of Transgenic Mi ce: Inhibition or Stimulation of 

Proliferation Depending on the Pattem of Transgene 
Expression and Formation of Psoriatic Lesions. 

Manfred Blessing *#, Peter Scbirmacher& and Sibylle Kaiser* 

*Boehringer Ingelheim RC$eal'ch Group, SFB-311, l. Medica! Department, Joha.rmes 

Gutenberg-University, Obere Zahlbacher Str. 63, D-55131 Mainz, Geimany; &Institute of 

Pathology, Johannes Gutenberg-University, Langenbeckstr. 1, D-55101 Mainz, Geimany; 

#corresponding Author. 

Bone Morphogenetic Protein-6 (BMP-6) belongs to the family of 

Transforming Growth Factor-beta (TGF-beta) related growth factors . In the 

developing epidermis, expression of BMP-6 coincides with the onset of 

stratification. Expression persists perinatally but declines after day 6 pp (post 

partum) although it can still be detected in adult skin by reverse transcriptase­

polymerase chain reaction (RT -PCR) analysis. W e constitutively 

overexpressed BMP-6 in suprabasal layers of interfollicular epidermis· iR 

transgenic mice using a keratin lO promoter. All mi ce expressing the 

transgene developed abnormalities in the skin indicating an active transgene 

derived factor. Depending on the pattern of transgene expression, the effects 

on proliferation and differentiation were completely opposite. Strong and 

uniform expression of the BMP-6 transgene resulted in severe repression of 

cell proliferation in embryonic and perinatal epidermis but had marginal 

effects on differentiation. Weaker and patchy expression of the transgene 

evoked strong hyperproliferation and parakeratosis in adult epidermis and 

severe perturbations of the usual pattern of differentiation. These 

pertmbations included changes in the expression of keratins and integrins. 

Together with an inflamroatory infiltrate both in the dermis and in the 

epidernús these aspects present all typical histological and biochemical 

hallmarks of a human skin disease: psodasis. 



Instituto Juan March (Madrid)

Molecular basis of skin diseases 

Chairperson: Tung-Tien Sun 



Instituto Juan March (Madrid)

47 

EPIDERMAL FRAGlLlTY SYNDROMES: DISORDERS OF KERATlNS AND THEIR 
lNTERACTlNG PROTEINS 
EB Lanc, WHI McLean, EL Rugg, FJD Smith, SM Morley (CRC Cell Structure 
Rcscarch Group, Dept of Anatomy & Physiology, Medica! Sciences Institute, University 
of Dundee, Dundee DD1 4HN, UK), L Pulkkinen, J Uitto {]efferson Medica! College, 
Philadelphia, U.S.A.), 1M Leigh (Royal London Medica! School, Whitechapel, London), 
JR McMillan & RAJ Eady (St John's Institute of Dermatology, UMDS, London). 

Studies ieading to thc underst.anding of epidermal blistering disorders arising from 
mutations in keratin genes have shown us the pathological consequences of failurc in 
structural proteins in the skin. Causalive mut.ations in kératin genes have now been 
identiticd in a number of diverse genodermatoses. These include the different forms of 
epidermolysis bullosa simplex (EBS) with mutations in K.5 and K14; bullous congenital 
ichthyosiform erythroderma (BCIE) with mutations in Kl and K10; palmo-plantar 
keratoderma (PPK) with mutations in K9, ichthyosis bullosa of Siemens with mutations 
in K2e, pachyonychia congenita types 1 and 2 (PC-1 and PC·2), focal palmo-plantar 
keratoderma and steatocystoma multiplex all with mutations in either K6, Kl6 or K17, 
and white 'sponge naevus (WSN) with mutations in K4 and K13. While most of these 
disorders are characterised by mutations in predictably s4J¡ilar cluster sites in keratin 
proteins, i.e. within the helix boundary peptídes, the clinical phenotyPe ofthese disorders 
is highly divergent and focussed in each case on the cell type in skin rn which the routated 
keratin gene plays an important structural role; the intramolecular si te of the mutation also 
int1uenc.es the severity of the disorder (McLean and Lane, 1995). PC-2 is characterised 
by abnormal hair follicles and pilosebaceous cysts plus thickened nails, whilst PC·l is 
characterised by absence of pilosebaceous symptoms, but presence of white plaques in the 
mouth (plus thickened nails). The 2 pattems reflect the different relative importance of 
Kl7. (PC-2) versus K16 (PC·l) in each of the relevan! tissue types (McLean el al., 1995). 
The ·value of identifying this range of disorders líes partly in what they tell us about 
intennediate tilament function in the cywskeleton, including clues to fúament assembly, 
remodelling and regulation. Heat shock model systcms are now being used to disrupl 
mutan! kcratin filaments in EBS-derived celllines (Morley et al., 1995). Perhups most 
importantly, identifying the causes of these diseases allows us to c.haracterise and classify 
the disordcrs in a more logical fashion ; this is the first essential step towards evolving 
stratcgies to treat, cure and avoid thesc disorders in the future. We are now using 
knowledge gained about EBS mutation clustering in early antenatal screening for the 
dit;e~e . 

A 'fecognition of the molecular basis of the skin blislering diseases demonstrates a class of 
disorder~ arising from the failure of one of the many structural components in a complex 
tissue and subjected to physical Stress. However, we have aot always been able to 
idcntify keratin defect in all of the clinical samples we have attempted to analyse, and this 
finding is rcflected in the experiences of other groups working in the field. Between sorne 
30~6G% of all samplcs analysed do not appear lo be linked to keratin defects. The 
physical resilience provided by the kerutin intermediate filament network is not solely 
dependant on the integrity of the filaments themselves, bul also on the integrity of the 
interaction between filaments and the cell-cell or ccll-substrate anchorage junctions which 
together with the filaments will transduce and dissipate stress across the whole tissue. It 
is becoming clear that as predicted a number of epidermal fragility syndromes are ba.~ed 
not on keratin mutations but on proteins linking filaments to tbe plasma membrane. 

We ha ve recen ti y sludied one example of this, an un usual form of epidermolysis bullosa 
simplex which is linked to muscular dystrophy. By electron microscopy the skin blisters 
were seen to have arisen by a low-level fracture of the epidermal keratinocytes, and 
hemidesmosomes were abnormal and lacked rhe "inncr plaque" structure. 
Immunohistochemistry demonstrated that in patients with muscular dystrophy-
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epidermolysis bullosa simplex (MD-EBS), staining with antibodies to plectin and to the 
HD-1 antigen were consistently negative whilst all other junctíonal proteins we assayed 
appeared to be present (if in sorne cases attenuated). Becau.~e of the lack of plectin in MD­
EBS patients, and the likelihood from our data that HD-1 and plectin may be the same or a 
closely-related molecule, we attempted to fmd a mutation in plectin by sequencing DNA 
from affected and normal individuals. 

Plectin is a large (530 kD) widely-expressed cytoskeleton-associated protein which 
assoclates with bolh lln: int~:rmediate filament and the actin cytoskeleton. In collaboration 
with Uitto and colleagues, mutations have been identified in two MD-EBS families 
(Mcl..ean et al., 1996; Smith et al., 1996); Lite affected individuals are homozygous-null 
for llte furtctional protein, dueto frameshift rnutations leading to premature termination of 
the mRNA. The sequence for human plectin reveals a spectrin-Iike actin-binding domain 
in the amín o-terminal part of the protein, in addition to the pr~cted kenuin binding region 
in the carboxy-terminal domain ofthe protein (McLean et al., 1996). Thus it is possible 
that this largc protein interacts with different cytoskeleton components, possibly evcn 
different ones in different tissues. This could explain the pbenotype of 2 apparently 
unrelated characteristics, muscular dystrophy and EBS. In the EBS skin phenotype the 
lack of plectin leads to defective hernidesmosomes and failure of keratin filarnents to 
connect to the plasma membrane, whilst in the muscle the absence of pleetin leads to a 
deficiency in the cytoskeleton membrane attachment (presumably not hemidesmosomes 
since they have not been reported in muscle). Failure of the cytoskeleton membrane 
attachment in bollt cases leads to the cells reduced resistance physical stress and 
subsequent cell damage and structural failure within the tissue. 

There will certainly be many more disorders of structural proteins uncovered in the next 
couple of years and one can predict, from the keratin disorders in skin, that these are 
likely to lead to cell fragility. This could be followed by a range of tissue-specific 
consequenccs. Structural fuilure of llte tissue is going to be most critica! wbere the cells 
are subjected to physical stress, or where the specialised nature of the cell makes it 
particularly dependent on cytoskeleton reinforcement. The growing awareness of 
molecular basis of human diseases arising from failure of strucrural proteins will also 
guide us into more productive directions for evolving new therapeutic strc1tegies. 
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THE ROLE OF EPITHELIAL SPECIFIC LAMININS IN DERMAL-EPIDERMAL 

ADHESION. 

Satoshi Amano, Marie-France Champliaud, Donald R. Gerecke , 
Patricia Rousselle, Robert E . Burgeson. 
The Department of Dermatology, Harvard Medica! School , and the 
Cutaneous Biology Research Center, Massachusetts General 
Hospital, Boston, Massachusetts, USA. 

The epithelial basement membrane at the derma¡,..epidermal junction of skin 
contains specialized structures termed anchoring complexes , consisting of 
hemidesmosomes, anchoring filaments and anchoring fibrils. Biochemical 
characterization of the anchoring complex has allowed the identificaban of 
severa! constituent molecules . The hemidesmosome is the most complex of these 

structures containing the transmembrane proteins integrin a.6P4, and collagen 
XVII (BPAG2), and the intracellular components BPAG1 and HD-1 (plectin) . The 
anchoring filaments are composed of laminin 5, together with at least the 

exodomains of integrin a.6P4 and collagen XVII, and the newly identifed LAD-
1/ladsin, uncin (19-DEJ-1 antigen), and a 105kDa protein recognized by patient 
autoimmune sera. The anchoring fibrils are composed of type VII collagen. 

Mutations in the genes encoding the anchoring complex proteins found in man or 
induced in mice indicate a central role for laminin 5 (a.3P3'(2) (Rousselle et al, 
1991) and type VII collagen in the ability of the skin epithelium to resist friction. 
The null phenotypes resulting from mutations in LAMA3, LAMB3, LAMC2 
(encoding laminin 5 subunits) result in extreme blistering and early postnatal 
death. Null phenotypes resulting from mutations in COL7Al result in extensive 
bllistering and dystrophic scarring. Blistering resulting from mutations in the 
genes encoding integrin a.6 or P4, BPAG1, BPAG2 or plectin is less severe. 

Laminin 5 is unique among the laminin family in that all three subunit chains 

are significantly truncated within the short arm domains, and the a.3 and y2 
chains are proteolytically processed following secretion (Marinkovich et al, 1992a). 
We have recently identified the enzyme responsible for the processing of '(2. as 

BMP-1. Laminin 5 is the preferred ligand for the integrins a.3Pl and a.6P4 and 
can therefore efficiently mediate epithelial cell adhesion, but it cannot self­
polymerize, it cannot assemble with other known laminins to form non-covalent 
networks, nor can it bind nidogen (Mayer et al, 1995). Therefore, it is unclear how 
laminin 5 functions to bind the cell surface with the basement membrane lamina 
densa. We have identifed covalently bonded dimers of laminin 5 with laminins 6 
(a.3P lyl) (Marinkovitch et al, 1992b) or 7 (a.3P2yl) in tissues (Champliaud et al, 
1996). Approximately 50% of the tissue laminin 5 is thus complexed. We postula te 
that this complex allows the required interactions with lamina densa 
components, primarily through the ability of the complexes to bind nidogen due to 
the presence of the laminin yl chain. We have recently observed the strong 
binding of monomeric laminin 5 with the NC-1 domain of type VII collagen 
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(Rousselle et al, submitted). We believe that this interaction provides the major 
connection of the dermis with the epidermis. The models we are currently testing 
envision a direct interaction of the epidermal cytokeratins with BPAGl and 
plectin; interactions of plectin with integrin o.6~4 , and collagen XVII with 
BPAG 1; binding of laminin 5 by integrin o.6~4; and binding of laminin 5 with type 
VII collagen . These components are contained within the anchoring complexes . 
In addition, the model proposes that the laminin 5 - 6f7 complex is located in the 
inter-hemidesmosomal spaces , and binds the basolateral integrins o.3~1 and 
possibly o.6~ l . 
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MOLECULAR BASIS OF THE DYSTROPHIC FORMS 

OF EPIOERMOL YSIS BU LLOSA 

Jouni Uitto. M.O .. Ph.D. and Angela M. Christlano. Ph.D. 

Departments of Dermatology and Cutaneous Biology, and Biochemistry and 
Molecular Biology, Jefferson Medica! College, Philadelphia, PA 19107 

Epidermolysis bullosa (EB), a group of heritable mechano-bullous 

disorders manífests with considerable variability in clinical severity. Also, 

genetic heterogenelty is evident, since both autosomal dominant and 
autosomal recessive forms of EB can be recognized . EB can be divided into 

three majar categorías based on the level of tissue separation, as established 

by diagnostic transmission electron microscopy ( 1 ). In one of these categories, 
the dystrophic forms of EB (DES), the tissue separation occurs below the lamina 
densa at the level of anchoring fibrils, critica! attachment structures extending 

from the lamina densa to the upper papillary dermis. 
Severa! fines of evidence initially suggested that type VIl collagen 

(COL7 A 1) was the candidata gene for mutations in DEB. First, the ultrastructural 

diagnostic hallmark of the dystrophic forms of EB is abnormalities in the 
anchoring fibrils which are morphologically abnormal, reduced in number, or 

completely absent by transmission electron microscopy. Secondly, these 
ultrastructural observations are reflectad by an attenuated or absent 

immunofluorescence signal when anti-type VIl collagen antibodies are used tor 
staining of the skin. These morphologic observations implicated COL7 A 1 as a 

candidate gene for mutations in DES. This suggestion was subsequently 
strengthened by demonstration of strong genetic linkage between the COL 7 A 1 

locus on chromosome 3p21 and both the dominantly and recessively inherited 
forms of DEB (2). 

Recent cloning of the human type VIl collagen cONA sequences has 
allowed us to deduce the normal structure of type VIl collagen polypeptides, the 
a1 (VIl) chain (3). Furthermore, elucidation of the intron-exon organization ot the 
entire human type VIl collagen gene (4) has provided the necessary information 

to undertake mutation analysis of this gene in families with DEB. In fact, specitic 
mutations have now been disclosed in over 60 kindreds with different forms of 
EB (2, 5). 

In the most severe, generalizad Hallopeau-Siemens (HS-RDEB) type of 
recessive DEB, the characteristic genetic lesion is a prematura termination 
codon mutation in both COL7A 1 alleles. The majar effect of a premature 
termination codon mutation is a dramatic reduction in mRNA abundance· as a 
result of nonsense-mediated mRNA decay. Thus, reduced mRNA abundance 
and the presence of a prematura termination codon for translation predict the 
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absence of functional type VIl collagen molecules. This interpretation is 
consistent wlth the ultrastructural demonstration ot complete absence of 
anchoring fibrils in HS·RDEB, which explalns the extreme fragility of the skin in 
this DEB subtype. 

In the less severe, mitis variant of recesslve DEB, at least one and 
occasionally both COL7A1 alleles encode for a full-length type VIl collagen 
polypeptide. However, these alleles contain a missense mutation or an in­
trame exon skipping mutation, which can change the conformation of the 
protein in a manner that anchoring fibril assembly is perturbed. Thus, these 
attachment structures, although present, are weakened, resulting in moderately 
severa fragility of the skln, as observed in the mitis forms of ROE B. 

In the dominantly lnherited forms of EB the type of mutation detected thus 
far is the substitution of a glycine by another amino acid in one COL7 A 1 afiele 
within the collagenous domaln of the mofecufe characterized by the repeating 
Gly-X-Y sequence. Synthesis of these non-functional molecules result in a 
blistering phenotype through dominant negativa interference. However, since 
type VIl collagen is a homotrimer consisting of three identical a1 (VIl) chains, 
one out of eight triple helical molecules (12.5%) is entirely normal, assuming 
equal expression of the mutant and wild type afieles. As a result, sorne normal 
anchoring fibrils are formad, consistent with ultrastructural demonstration of thin 
anchoring fibrils and the relatively mild clinical phenotype in DDEB. 

Collectively, the COL?A 1 mutation database assembled thus far 
suggests that the types and combinations of specific mutations are able to 
predict, in general terms, the clinical severity and natural history of DDEB. 
Thus, the clinicaf severity represents a continuum in the spectrum of 
manifestations, and the precise natura of the genetic lesions, their positions 
along the type VIl coflagen gene, and the dynamic interplay of the two mutant 
alleles on the individual's genetic background will determine the precise 
phenotype of the patient (5, 6). 

The progress made in defining the molecular basls of dystrophic forms of 
EB, and the genotype/phenotype correlations established from these studies, 
form a foundation for precise diagnosis and revised mutation-based 
classificatlon, as well as for early ONA-based prenatal prediction of the 
genotype and genetic counseling in families at risk for recurrence. Finafly, this 
information forms a basis for the rational design of gene therapies to counteract 
these devastating skin diseases in the future {7, 8) . 
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MOLECULAR PATHOGENESIS OF LAMELLAR ICHTHYOSIS . 
D. Hohl, B. Frenk. M. Huber. Delll1B1ology, CHUV, CH-1011 Lau5anne, Switzerland 

TG are a superfamily of cnzym.es tbat catalyze transamldation in a widc variety of 
processes such as blood clotting, seminal plug formation, apoptotic coagulati .. Qn, 
keratinization, hair t'ormation and signa! transduction. TGK mcdiates·, NE-(T­
glutamyl)lysine cross-linkagc during formation of the comified cell envclope (CE), a 
distinct and highly insoluble structure of 15 nrn thickness that replaces tbe plasma 
membrane· (PM) in temdnally differenüating lo:tatinocytes~ This pro~s invGlves..thc . _ 
sequential cross-Unking of CE precursor proteins such as involucriri. SPRRs and loricrin 
on the inner side of the PM. Simultaneously, the PM is replaced by n-hydroxyacyl­
sptúngosine lipids covalentl)' bound to tbe outer surf8ce of tbe protein CE. ·. · : 

We have recently shown by biochemical, enzymatic and molecular tools that 
ke.ratinocyte transglutaminases (TGK) mutations cause autosomal recessive lamellar 
ichthyosis (Ll)_ U.is a dísfiguring congenital disorder of keratinization. Patients are born 
as c:ollodion-babies: or with eeythroderm.a and develop llfelong lasting ·. variable 
hyperkeratosis wirh·Iarge plate-like or small fine scales covering the cntite body; We also 
found that U is gcneti~y heterogeneous and only in 11 out of our 27 U families cilused 
by defectlve TGK. An assay on frozcn slcin sections using anitbodies against 
d¡¡nsylcadaverin to assess TGK activity in vivo eombined with immunohistochemistry 
using B.Cl antibodies allows rapid classífication. As a f1I'St step towards in vivo gene 
therapy, transfection of a TGK cDNA construet using the adenovirus enbanced 
transferrin receptor system was capable to complete! y repair the enzyme de.fect in cultured 
TGK-deficient keratinocytes. 
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The role of the integrin a6P4 in cell adhesion and the formation of bemidesmosomes. 

Amoud Sonnenberg 

Division of Cell Biology, The Netherlands Cancer lnstitute, Amsterdam and Department of 

Dermatology, University Groningen, Groningen, The Netherlands. 

Hemidesmosomes are cell-matrix junctions of stratified epithelial cells, required for fmn 

adhesion to the underlying basement membrane. A major component of hemidesmosomes is 

the integrin o:6(34. We have generated null mutant mice for the (34 subunit by homologous 

recombination in embryonic stem cells. The {34 knock out mice died within 2-4 hours after 

birth. They showed fragility of their skin and blistering in response to minor trauma. Dermo­

epidermal separations were seen over a large part of the body, with sparse and poorly 

develop~q~~vepift!ofJ~Mlfl!vtWP'J!HJ!dd!tfMrel~~ In 

the lungs, alveoli were enlarged and often filled with exudate and the septa were thickened 

up to ten cell layers. The com~di'Üirt~~jYjBs not closed. The tonque 

_JiJld.tbe~Jai~ wer~fused o ver a considerable distan¡¡.~t&ªb~y_ as a result of wound healin_g 
UUI.JC(l_Wd.l pUe uonen!ll! UJ S~up(O.JA;J JO ~IOH :A UO!SS~S 

and scarnng. 

In addition, we have identified a junctional EB patient associated with pyloric atresia (PA) 

in whom the integrin (34 subunit is completely absent. The o:6 subunit, although reduced in 

amount, was normally distributed along the basement zone, as were the hemidesmososomal 

components BP230, BP180 and HDl. Studies with cultured PA-JEB keratinocytes showed 

that the o:6 subunit was associated with {31 and was colocalized with vinculin in focal contacts 

at the end of actin stress fibers. The PA-JEB keratinocytes did not differ from normal 

keratinocytes in the initial adhesion to laminin-1 and laminin-5, which are both ligands for 

o:6{31 and o:6{34, but showed an increased motility on laminin-5 . The results demonstrate an 

important role of o:6{34, in both man and mouse, in the formation and maturation of 

hemidesmosomes and in the stable adhesion of the epidermis to the basement membrane. 
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Transgenic mice expressing ifn"'Y in the epidermis exhibit 

spontaneous inflammation, perturbed epide.rmal homeostasis, 
and hypopigmentation of the hair. Ioseph M. Cairoll .. .J.nd Fjona M. 
:wa.tl· Keratinocyte Laboratory, Imperial Cancer Research :rund, London, 
England. · 

In order to more fully understand epidermal homeostasis and . 
immunology, transgenic mice mis-expressing íntegrins and cytokines in 
suprabasal epidermis have been created. Integrins are usually only 
expressed in the basallayer of the epidermis, but in situations of perturbed 
epidermal homeostasis such as in psoriasis and during wound healing, 
this pattern of expression is expanded to the suprabasallayers. To 
determine whether or not these aberrant expression patterri.s are causal, 

mice expressing the a.2, a3,as.%. and ~1 integrin subunits suprabasally 

have been made. Mice expressing solely the ~1 subunitor in combination 

with any a subunit exhibit epidermal hyperproliferation, hyperplasia and 
generalized psoriasiform phenotype. This phenotype seems to result from 
an initial perturbation of epidermal proliferation-differentiation. In order 
to better understand the spontaneous inflammation observed in these 

mice, transgenic mi ce expressing murine interferon--y (a cytokine made by 
T -cells and thought to be in volved in the causation of psoriasis) in 
suprabasal keratinocytes have been created. These mice exhibit 
inflammation iri the skin, and basal keratinocytes in these mice are 
induced to express MHC-II molecules and ICAM-1. These mice exhibit 
varying degrees of spontaneous inflammation, flaking skin, and 
hypopigmentation of the skin and hair. Insights into the mechanisms of 
epidermal irnmunobiology and homeostasis will be obtained through 
further analysis, of these mice. 
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Defects in lipid metabolism cause congenital ichthyosis: 

mutations in fatty aldehyde dehydrogenase in Sjogren-Larsson 

Syndrome. 

J.G. Compton, G.R. Rogers, V. De Laurenzi 1
, N. Markova, W.B. Rizzo2

• 

Laboratory of Skin Biology, NIAMS, NIH, Bethesda, USA; 1University of Tor 

Vergata, Rome, ltaly; 2Medical College of Virginia, Richmond, VA, USA. 

Sjogren-Larsson Syndrome (SLS) is a rare, autosomal recessive 

disorder in which patients have generalizad, congenital ichthyosis, mental 

retardation and spastic di- or tetraplegia (1). Histological features of the 

skin include hyperkeratosis, papillomatosis, acanthosis and a thickened 

granular cell !ayer. SLS patients have a markedly reduced levels of fa tty 
aldehyde dehydrogenase (FALDH) enzyme activity. We therefore cloned and 

sequenced this candidata gene, and showed that human FALDH mapped to the 
SLS locus on chromosome 17p11 (2,3,4). Direct sequence analysis of FALDH 

cONA from SLS patients revealed a variety of mutations leading t o 
detective FALDH enzyme. These mutations include: deletions leading t o 
premature chain termination, a 3 bp deletion with a 21 bp insertion, a 33 bp 

deletion, and 4 different single amino acid substitutions due to point 

mutations. One of these, containing the mutation Pro315Ser, occurs at high 

frequency in Northern European SLS patients. 
To facilitate DNA-based mutation analysis in SLS, we have 

characterized the genomic organization of the FALDH gene. PCR and 

Southern analysis of YAC clones showed that FALDH co-localizes w i t h 

another aldehyde dehydrogenase gene (ALDH3) . The genes were shown to be 

20-70 kb apart. These enzymes differ in substrate specificity, but have 
extensive ami no acid (61 %) and coding sequence similarity. The intron/exon 
junctions of introns 1-8 (but not intron 9) occur at identical positions in 

the two genes. All FALDH introns are larger than the corresponding ALDH3 
introns, resulting in an FALDH gene size of at least 28 kb. A polymorphic 

[CA] tandem repeat was identified in intron 8 of the FALDH gene. 
Gene expression studies have been initiated to examine regulation o f 

FALDH gene expression and gene function in epidermal differentiation. 

FALDH is widely expressed. Differential expression of at least three FALDH 

transcripts was observed by Northern blot analysis (about 2, 4 and 4.2 kb). 
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These transcripts appear to be due to the use of alternative polyadenylation 
sites. lnterestingly, in epidermis, the three transcripts were equally 
expressed, whereas in brain the larger mRNAs were relatively more 
abundant than the 2 kb transcript. In addition, mRNA containing an 
additional coding exon derived from intron 9 sequences was detectable in 
all tissues examined. FALDH enzyme translated from this splice variant i s 
predicted to have a more hydrophobic carboxyl end. 

Defects in the genes for at least three lipid metabolizing enzymes, 
FALDH, steroid sulfatase and glucocerebrosidase, have now been associated 
with congenital ichthyosis. These diseases demonstrate the importan ce o f 
lipid metabolism to normal desquamation and cornified layer function. 
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GENE~ON OF INYOLUCRINLESS MICE 

Philippe DJIAN 

CEREMOD, CNRS 
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Involucrin is a keratinocyte protein, it is present in the upper 
layers of stratified squamous epithelia. Involucrin is a 
substrate of epidermal transglutaminase aiíd along with other 
proteins it is thought to be a precursor of the cornified 
envelope. We have generated mice in which the entire coding 
region of the gene for involncrin was deleted. Absence of the 
coding region was verified by Soutbern blotting, absence of 
the mRNA and protein were verified respectively by 
Northern and Western blotting. After six months, the mice 
appear normal. Histologic sections of the skin do not reveal 
any abnormalities. Envelopes also appear normal under 
optical microscopy. We are currently investigating whether 
loss of involucrin is compensated by an increase in the 
amount of other envelope precursors. 
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HYPERKERATOSIS IN CYTOKERATIN KNOCKOUT MICE CAN OCCUR IN THE 

ABSENCE OF BASAL CELL HYPERPROLIFERATION 

J. Reichelt and T. M. Magín 

lnstitut für Genetik, Abt. Molekulargenetik, Friedrich-Wilhelms-Universitat, Bonn, 

Germany 

Cytokeratin 10 {CK 10) knockout mice have been established using HPRT as a 

selectable marker to study the tunction ot these intermediate filaments in the 

maintenance of epidermal integrity. These mice are used as an animal model system 

for the human skin disease Epidermal Hyperkeratosis (EH). As in the human disease 

the epidermal !ayer of the skin of heterozygous animals is largely thickened and 

shows asevere hyperkeratosis. Homozygous newboms have an extremely delicate 

skin upon mechanical stress and die a few hours after birth. In contras! to patients 

suffering from EH who show different point mutations in either CK 1 or CK 1 O our 

m ice carry a disrupted CK 1 O afiele. Despite this genetic difference CK 1 O knockout 

m ice represen! a very good model for the human condition. 

In order to find out if the detective CK 1 O gene, which is expressed only in the 

suprabasal layers of stratified squamous epithelia, influences the proliferation of the 

basallayer (stem-)cells, we comparad the in vivo BrdU labelling of proliferating cells 

in adult heterozygous mice with that of their wildtype littermates. We testad stratified 

epithelial tissue of different origin: tail, back, snout, paw, forestomach, oesophagus, 

palatinum, eyelid and ear. lnterestingly only the eyelid of CK 10 heterozygotes 

showed a significan! increase in proliferating cells. lmmunofluorescence analysis 

revealed that in tall, snout, paw and eyelid the amount of CK 6, the expression of 

which is usually initiated in wound healing and during hyperproliferation, is highly 

elevated all over the epidermis. We suggest that the observad acanthosis as well as 

the hyperkeratosis of our CK 1 O knockout m ice are rather due to a decreased 

tumover of the upper celllayers than to hyperproliferation. The biochemical pathway 

connecting filament disruption toan altered keratinocyte cycling time is yet unknown. 

Currently we are constructing second step targeting vectors in order to introduce 

selectad EH point mutations into the murine CK 10 gene. 
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PRIMARY CYTOKINES, EPIDERMIS, ANO CUTANEOUS 
INFLAMMATION 

Thomas S. Kupper, M.O. 
Harvard Skin Disease Research Center, Brigham and Women's Hospital, 

Boston MA 02115 

====~~=~========~=======;=~============~======~=-======;===== 

The cytokines IL-1a and p, and TNFct, were termed "primary" 
cytokines because their release in tissue should lead to endothelial 
adhesion molecule expression and cytokine production sufficient to 
attract and actívate an inflammatory leukocytic infiltrate. IL-1 is a 
complex family, which comprises: 1) two agonist ligands, one of which 
(IL-1 p) must be proteolytically processed by a specific convertase 
(ICE) to acquire biological activity, 2) a least two antagonist ligands, 
which are products of alternative splicing and bind to tne IL-1 R 
without transducing any signa!, 3) a type 1 receptor, which induces a 
cascade of transcription factors including NFxB, and binds both 
agonist and antagonist ligands, and 4) a type 11 receptor, which does 
not transduce a signa! and can be shed from the cells; this receptor 
binds agonist but not antagonist IL-1 ligands. Keratinocytes can 
produce factors trom each to these tour categories. To leam more 
about their function in vivo, we have expressed each of these under 
the control of the human K14 promoter. These experiments have 
proven that keratinocyte IL-1 et. can serve as a primary cytokine, and 
that keratinocytes can amplity inflammatory responses via autocrine 
activation through the IL-1 R. They have further shown that the IL-1 ra 
and the type 11 IL-1 R, when produced by keratinocytes, inhibit locaiiL-
1 mediated responses but not systemic responses. These data help 
clarify the biological role of this cytokine tamily in cutaneous tissues. 
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The Role of Neuropeptides in Mediating lnflammation 
in Normal and Pathologic Skin Processes 

John C. Ansel, M.O. 

lnteractions between the nervous system and the skin are the subject of increasing 
interest. The cutaneous sensory nervous system not only relays sensory information from 
the skin te the central nervous system, but also plays an effector role in producing the 
skin's inflammatory response. lt is now established that components of the cutaneous 
nervous system interact with multiple cell types in the skin te media te actions importan! in 
skin inflammation and wound healing. There are many possible mechanisms through 
which the cutaneous sensory nervous system may influence skin inflammation. Sensory 
neurons express at least seventeen different neuropeptides. Severa! of these have 
activities or cellular localizations which suggest involvement in inflammation and tissue 
repair [e.g. substance P (SP), calcitonin gene-related peptide (CGRP), substance K (SK), 
vasoactive intestinal polypeptide (VIP)). Substance P (SP) is the prototypic neuropeptide 
released from sensory C-fibers in the skin. There is much evidence that the local release 
of SP mediales a wide range of proliferative and inflammatory activities of the cutaneous 
nervous system generally referred te as neuroinflammation. The activities of SP require 
not only the secretion of this neuropeptide, but also the expression of the SP receptor 
(SPR) en local target cells and the cell surface expression of proteases that degrade 
neuropeptides such as neutral endopeptidase (NEP). Another importan! facet of nervous 

· system-cutaneous interactions in addition to the activities of neuropeptides released by 
sensory fibers in the skin are the neurotrophic growth factors that mediate cutaneous 
reinnervation such as nerve growth factor (NGF) which is prodt..iced by the neural 
Schwann cells and, surprisingly, by the regenerating epidermis itself. This factor and the 
expression of the NGF receptor may play an integral role in nervous system-cutaneous 
interactions. 

Substance P in the peripheral nervous system has numerous physiological actions. 
The peripheral actions of SP which relate to its possible involvement in cutaneous 
neuroinflammation fall into three m a in categories: 1) vasodilation and increased vascular 
permeability; 2) local inflammation and specific effects on the immune system; and 3) 
promotion of cell proliferation. In our own laboratories we have examined the actions of 
SP on target cells in the skin. In studies designed to examine the effect of SP on mast 
cell cytokine expression, we demonstrated that mast cell TNFa mRNA is selectively 
upregulated by SP in a -dose dependen! manner. SP increased secreted TNFa from both 
cloned CFTL 12 mast cells and freshly isolated peritoneal mast cells. We have also 
obtained data demonstrating that SP is capable of stimulating keratinocytes in the skin to 
produce specific cytokines. Addition of SP to cultured murine and normal human foreskin 
keratinocytes results in dose dependen! increases in IL-1a, IL-1P, and IL-1ra mRNA levels 
that are maximal after three hours of exposure. No effects on keratinocyte TNFa or IL-8 
production are seen. lnterestingly, structure-function studies indicate that SP1-9, but not 
the e-terminal fragments SP 4-11 or SP1-11, are capable of inducing keratinocyte cytokine 
production. More recently, we observed that CGRP can also specifically activate normal 
human microvascular endothelial cells to produce the neutrophil activating cytokine IL-8. 
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Thus, our studies and investigations by other laboratories demonstrate that there is 
increasing evidence that the neurologic system can modulate a wide range of 
inflammatory and proliferative processes. The role of the cutaneous sensory nervous 
system and neuropeptides such as SP in inflammation and tissue repair is complex. lt is 
determined not only by the synthesis and secretion of neuropeptides, but al so by the 
availability of, and interaction with , its receptor on target cells, and by the rate of 
neuropeptide degradation by tissue peptidases such as NEP. 
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SPECIFICITY AND FUNCTION OF EPITHELIAL ~ó T CELLS 

IJendy L. Havran 
Department of Immunology 

The Scripps Research Insticute 

The aim of our research studies is to examine che specificity and function 
of the ~6 T cell receptor (TCR) bearing dendritic epidermal T lymphocyces (DETC) 
found in murine skin. There are str1king differences between these epithelial T 
cells and lymphoid ap and ~ó T cells. The skin ~ó T cells exhibit highly 
restricted variable. gene use, preferencial pairing of TCR chains, and lack of 
diversity at the junctions creating a populacion of cells with virtually identi­
cal TCR. Generation of the DETC appears to be restricted to a discrete scage in 
developmenc. These characteristics suggest that the DETC may have a specialized 
function in the skin and may play a role in immune systero development and 
regulation . ~e have postulated thac the role of ~ó T cells with invarianc TCR 
may be to rec~gnize damage-induced self antigens on neighboring cells expressed 
after a varie.ty of insul ts. 

Analysis of epidermal tissue sections revealed t:hac the ~ó DETC reside in 
intimate concact with keratinoctyes, suggescing che possibility of immunological 
inceractions between the two cell types . We have demonstrated that DETC recog­
nize and respond co stressed ke~atinocytes in vitro and that this recognition i s 
mediated by the T cell receptor. A possible consequence of the recogition of 
damaged keratinocytes by the DE1C is production of cytokines which may help in 
the recovery process. We have recently described the inducible expression of 
keratinocyte growth factor (KGF) by activatcd DETC . KGF is a recently described 
member of the fibroblast gro.,th factor family ·,¡ith specific mitogenic accivity 
for keratinocytes. Strikingly, ~6 T cells located in lymphoid organs do not ex­
press KGF, while ~ó T cells found in the int estinal epithelium also produce KGF 
in an inducible manncr. No lymphoid or ep i thel ial ap T cells appear capable of 
producing KGF. This raises the possibility that a function of the epithelial ~ ú 

T cells is co re.cognite and res;>ond to damaged neighboring cells by secrecion of 
a cissue specific factor "'hich allows for timely and localized proliferation. 

Mechanisms must exist to coordinate and modulate the activities of che a /3 
and ~ó T cell subsets. We have recently de.monstratc;d that the DETC can signal 
migration of non-resident cell types into the epidermis by the secrction of s 
distinctive panel of chemokines. We have decermined that expression of MIP-la, 
MIP-lP, RANTES , and lymphotactin was inducible in DETC while MCP-1 production 
could not be detected . Strikir,gly, lymphotac tin vas the most abundant chemokine 
produced by activated DETC. This currently unique member of the C chemokine 
family is the only lymphocyte selective chemoaccraccant described so far . Ac · 
tivated intestinal epithelial T cells expressing ~6 TCR also inducibly expressed 
lymphotactin while spleen ~6 T cells did not. T cell migration induced by cul­
ture supernatant from stimulated DETC was strongly reduced in the presence of 
neutralizing anti-lymphotactin antibodies. Collectively, these results indicate 
t:hat epithelial ~ó T cells play a multifaccted role in the maintenance of 
epithelia homeostasis in health and disease . 

The epithelial tissues are the majar protective barrier for mammals and are 
constantly exposed to a variety of deleterious agents. The epithelial ~ó T 
cells could potentially provide a mechanism of broad defense during development 
befare the exquisitely specific ap T lymphocytes arise. In the adult, surveil· 
lance for stress-induced self antigens on neighboring cells and loc;;llized pro­
duction of epithelial specific growth factors and chemokines may be a special­
ized function of epithelial ~ó T cells , allowing them ro provide a first line of 
defense against damage or malignancy. 



Instituto Juan March (Madrid)

67 

Havran. W.L. and Boismenu, R. Activation and function of 7Ó T cells. Current 
Opinion in lmmunology 6:442, 1994. 

Boismenu, R. and Havran w_L _ Modulation of epithelial cell growth by in­
traepithelial 76 T cells. Science 266:1253, 1994. 

Havran, W.L . and Boismenu, R. KGF expression reveals a specialized function for 
epithelia1 76 T cel1s. J. NIH Res . 7:57, 1995. 

Boismenu, R., Feng, L. Xia, Y.Y . , and Havran, W.L. Lymphotaccin expression by 
intraepithelial 76 T cells: Possible role in the recruitment of peripheral GD8+ 
a~ T cells to epithelial sites _ J . lmmuno1., in press 1996 . 

Boismenu, R. and Havran ~ - L- 76 T cells in ho s t défense and epithe1ial cell 
bio1ogy. Cu rr. Rev. Patho:., in press, 1996. 



Instituto Juan March (Madrid)

POSTERS 



Instituto Juan March (Madrid)

71 

MOLECULAR BIOLOGY OF SKIN ANO SKIN DISEASES 

Mechanisms of Human Keratinocyte Differentiation Rboda M. Alani. Karl Münger; 
Harvard Medica! School, Boston, MA. 

Stratified epithelia undergo a constant process of cellular differentiation. In these 
tissues, basal cells comprise the active proliferative layer of the stratified epithelium 
with cells progressing to a point of terminal differentiation as they migrate through 
the stratified layer of cells. The processes of cellular proliferation and terminal 
differentiation are tightly coupled. While many molecular markers of terminal 
differentiation have been well characterized, relatively little is known about the 
molecular controls that link the processes of cellular differentiation with the cell 
cycle. 

Antimitotic signals that are necessary for the maintenance of balanced cell growth 
may be provided by modulating Gl-phase cyclin-dependent kinases. Severa! 
proteins have been described that function to stoichiometrically inhibit these 
cyclin/ cdk complexes. Arnong these inhibitory proteins is the cyclin/ cdk associated 
protein, p21. p21 has been shown to be induced by the tumor-suppressor gene, p53, 
during DNA damage. Additionally, p21 has been implicated in the regulation of Gl 
arrest during cellular differentiation. 

We have developed a simple reproducible system to study human keratinocyte 
differentiation. Neonatal foreskins are harvested for keratinocyte cultures and 
induced to differentiate in a calcium-enriched medium. Preliminary experiments 
have allowed us to characterize this system with regard to alterations of cell cycle 
controls during differentiation. We have been able to determine that, like in other 
mammalian differentiation systems, human keratinocyte differentiation is 
associated with the rapid induction of the cell cycle inhibitory protein, p21. This 
induction of p21 expression occurs in a p53-independent fashion, and cyclin A, 
cyclin E, and p21-associated kinase activity is inhibited during this process. We have 
also analyzed additional cell cycle regulatory protein expression and function during 
human keratinocyte differentiation including the Gl cyclins, cdks, and cyclin/ cdk 
inhibitors. 

Since our initial experirnents identified p21 as a potential molecular link between 
cellular differentiation and cell cycle control, we have evaluated the transcriptional 
control of p21 during keratinocyte differentiation. We used deletion mutants of the 
p21 promoter fused to a reporter construct to map transactivation activity during 
keratinocyte differentiation. Through these experiments we have been able to 
localize a region of the p21 prometer that is important for the induction of p21 
expression during human keratinocyte differentiation. Additionally, we have been 
able to identify an oligonucleotide sequence contained within this region that is able 
to bind to nuclear proteins that are induced during human keratinocyte 
differentiation. We are currently in the process of a perforrning a series of 
experiments to isolate and identify this protein. 
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CONTROL OF MELANOGENESIS BY PARACRINE FACfORS IN BIG MOUSE 
MELANOMA CELLS. 

M. Martíncz..Esparza\ C. J'unénez..Cervantes\ F. Beennann2
, P. Aparicio\ J.A. Lozano1 

and J.C. Garcia-Borrón1*. 
From the 1 Department ofBiochemistry and Molecular Biology, School ofMedicine, University 
ofMurcia, 30100 Murcia, Spain, and 2 Swiss Institute for Experimental Cancer Research 
(ISREC), Chemin des Boveresses 155,1066 Epalinges, Switzerland. 

Current evidence suggest that melanogenesis is controlled "in vivo" by epidennal paracrine 
modulators. We have analyzed the effects of TGF-f31, a cytokine produced by keratinocytes, on 
basal melanogenic activities in B16F10 cells. This cytokine elicited a concentration-dependent 
decrease in basal tyrosine hydroxylase and dopa oxidase activities of B 16 cells to less than 30% 
of the control values at saturating doses measured at 48 h after treatment. In contrast, no effect 
could be detected for dopacltrome tautomerase activity in the same conditions. The effect was 
mediated by high affinity receptors, with a 50% inlubition at about l o·11 M. The inhibition 
affected both the dopa oxidase activity associated to TRP-1 and tyrosinase at a similar ext.ent, 
since the activity ofboth isoenzymes were decreased under SDS-PAGE separation. The effect of 
TGF-f31 was rapid, notiaeable lh after the addition ofTGF-f31, and the inhibition reached 
maximal values after 6 h oftreatrnent. The decrease in the enzymatic activity was concomitant to 
a parallel decrease in the cell contems of the tyrosinase and TRP-1 proteins as shown by westem 
blot and detection with the specific antibodies a.PEP-7 and a.PEP-1 respectively. Using northem 
blot analysis, we could only observe after 48 h oftreatrnent a small decrease in the expression of 
tyrosinase gene while the expression ofTRP-1 and TRP-2 were not affected. TGF -f31 lowed the 
levels oftyrosinase and TRP-1 proteins by increasing_their rate of degradation as shown by the 
decreases in the half-life for tyrosine hydroxylase and dopa oxidase activities detected after the 
treatment with the cytokine (fioot 3.2 h for the control cells to values near 1.6 h for TGF-treated 
cells). We suggest the unstabi1i.zatioo ofTRP-1 and tyrosinase enzymes is the main mechanism 
responsable for the inhibitory effect ofTGF-{31 on the melanogenic activities ofBl6FlO cells. 
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Differentiation of ~1 integrin-deficient embryonal stem cells into keratinocytes is 

prevented in vitro but not in vivo 

aaudia Bagutti, #Anna Wobus, •Reinhard Flissler and FionaM Watt 

Imperial Cancer Research Fund, London WC2A 3PX; 

#mstittlt für Pflanzeogenetik und Kulturpflanzenforschung, D-06466 Gatersleben; 

*Max Planck lnstitut für Biochemie, D-82152 Martinsried¡Miinchen. 

131 integrlns are known to. regulate terminal differentiatioo and morphogenesis in the adult epidermis. 

We nave investigated theír role in the embryonic development of keratinocytes by comparing the 

differentiation of wild-type and ~¡-null mouse embryonal stem (ES) cells. By 12-15 days in culture, 

differentiation of embryonic and simple epithelial cells occurred in both ES cell populations, as 

detected by expression of keratins 8, 18 and 19. From 21 days, expression of keratins 1, 10 and 14 

and of the comified envelope precursor involucrin indicated that the wild-type ce lis had differentiated 

into keiatinocytes. In contrast, keratinocyte markers were not expressed in p¡-null culrures. The ~ 1 -

null cells failed to exprcss the 0:2, 0:3 and <XQ integrin subunits on the ce U 5urface, consistent with the 

association of these a subunits with ~¡. 134 cxpression was also reduced in the ~ 1 -null cultures. 

possibly reflecting the fact that %134 is highly expressed on kcratinocytes. Although ~ 1 -null ES cells 

failed to undergo differentiation into keratinoeytes in vitro, they did fonn keraúnocyte cysts 

expressing keratins 1, 10 and 14 and involucrin when allowed to fonn teratomas by subcutaneous 

inj~tion in rnice. Since the expression of extrace:llular matrix proteins is scvcrly impaired in ú1e 131-

null ES cells in vitro but not in the teratornas, we speculate !hat the ~ 1 -deficient cells are able to fom1 

a basernent membrane in vivo, but not in vitro, and that in its presence .the CX6~4 integrin might be 

able to fulfil the role of ~ 1 integrins in regulating tenninal differentiatioo. 
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IL-1 INDUCES TRANSCRIPTION OF 
KERA TIN K6 lN HUMAN EPIDERMAL 

KERA TINOCYTES 

Mayumi Komine1
•
1
, lrwin M. Freedberg1

•
2

, Vladana Milisavijevic1
, Songhui Ma1

, and Miroslav 
Blumenberg1

•
3
•
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Keratinocytes respond to injury by releasing IL-1, which serves as a signa! to surrounding 

cells. Among the autocrine consequences ofiL-1 release is production ofadditional cytokines and 

their receptors, as well as an alteration in the keratinocyte cytoskeleton caused by the induction of 

keratin K6and Kl6 expression, as described here. Using DNA-mediated cell .transfection, we have 

analyzed the molecular mechanism regulating keratin K6 expression by IL-1. The induction ofK6 

transcription is dose and time dependent and inhibitable by IL-1 neutralizing antibodies. Other keratin 

gene promoters tested are not induced by IL-1. Only confluent keratinocytes respond to IL-1 . The 

addition ofEGF, simultaneously with IL-1 synergistically augments the effects oflL-1 in HeLa cells. 

Using a series of deletions and mutations, we ha ve identified the DNA element required for the 

induction by IL-1 and found that it contains four CIEBP-like binding sites. The two AP1 sites and 

the NFKB site upstream from the element are dispensable for IL-1 signaling, although they may 

convey the synergistic effect ofEGF. From these data we conclude that IL-1 initiates keratinocyte 

activation not only by triggering inflammatory signaling evenls, but also by inducing directly the 

synthesis ofkeratin K6, a cytoskeletal marker of activated keratinocytes . IL-1 accomplishes this by 

activating transcription factors that bínd a complex of four CIEBP-I ike si tes and are capable of 
synergistic interaction with additional ~ ignaling mechanis1ris. 
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INTEGRIN NORMALIZATION PARALLELS BASEMENT 
MEMBRANE FORMATION AND EPIDERMAL HOMEOSTASIS IN 
NUDE MOUSE GRAFTS OF HUMAN KERATINOCYTES 

D. Breitlaeutz, H.-J. Stark, N. Mirancea, P. Tomalddi, H. Steinbauer and N.B. Fusenig, 
Div. 0240, Oerman Canoer Research Center (DKFZ), Heidelberg, Germa.ny 

The changes of integrin pattems and formation of bas~:ment mombrane in cortelation to 
epidermal sttucture were investigated in tranaplants of human watlnoeytes onto nude mice 
anc1 the relevance as ti.ssue regencraúon model waa evaluated. Analysis of epidermal 
markers and proliferation by immunofluorescence revealed a markcd tissue acúvation 
around the flrst four days, declinin¡ rapidly until day seven, and ncarly complete epidermal 
normalization after two weelca. The flrst stage wa.s eharacterized (1) by dcpolarlzed 
distribution of the integrin cbains cr3, cr6, crv and .61, while B4 !howcd a nearl.y ~clusive 
and 0!2 (although very diffuse) a p.referential basalloeation, (2) a hlgh rate of keratinocyte 
prolife.ration (BrdU-labelling) Blso in suprabasal position and (3) only marginal deposition 
of most ba.sement membrane (BM) components except l.aminin-5 and nldogen being 
strongly expressed alrea.dy at day one a.nd four, respective! y. Tissue consolic1ation between 
day seven and eleven was signified by distinct staining for basal type keratins (K5 and 14) 
and perlcellular arrays of integrin chains a3 and Bl, both largely restrlcted to the basal 
!ayer, (2) a dramatic decrea.se of proliferating cells seen exclusiv=l.y in basal position, (3) a 
marked linear distribution of BM-components &uch as laminin-1 and type IV collagen and 
(4) colocalization ofintegrin a634 a.nd bulloua pemphigoid antigen. Simultaneously, 
hemidesmosomes and longer stretches of lamina densa developed according to electron 
mi.croscopy, At two weeka thc bueme.nt membrane was continuous. This coincided with the 
regular distrlbution of the integrins a2JH, a3.61 and a6B4 as well as early (suprabasal 
keratins, Kl and KlO) and late diffcrentiation markers (involucrin, fllaggrin, loricrin), 
while proliferation continucd ata nearly constant level. However, deanation of the BM­
zone by type VIl collagen was weak but increased towards three wceks to¡ether with the 
ultrastructural appearnnce of anchori.ng f1brils below the lamina densa. These crlteria imply 
that fmally epidermal homeostasis was accompli!hed in this transplantation aystem. 
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T G F- ~ 1 as a modulator of eplthelial dlfferentiatlon In transformed m o use 

epldermal keratlnocytes 

Pil.ar Frontelo1, Juan F. Santibáñez2, Jorge IJ.artinez2. Milagros González-Garrigues3, Ana 

Llorens3, Angels Fabra3 and Miguel Quintanillal 

1 Instituto de Investigaciones Biomédicas cel CSIC. Arturo Ouperier 4, 28029-Madrid 

(Spain) . 2 INTA-Universidad de Chile. Casilla 138-11, Santiago (Chile) . 3 lnstitut Recerca 

Oncológica. L'Hospitalet de Llobregat, 08097-Sarcelona (Spain). 

TGF-~ 1 induced an epithelial-mesffichymal transdifferentiation, and a poorly 

differentiated tumor phenotype, in transfo,-,ed mouse epidermal keratinocytes of the 

squamous carcinoma cell line PDV (Caulin C et al., Cell Growth & Differ., 6: 1027-1035, 

1995). PDV cells escaped to the strong inhib-:ion of growth exerted by this growth factor in 

normal epithelial cells. On the contrary, nontumorigenic immortalized keratinocytes 

(MCA30) or keratinocytes derived from ben.gn papillomas (PB), when treated with TGF­

~1. ceased to proliferate, senesced and died. I.!CA3D immortalized keratinocytes trasnsfected 

with a Ha-ras oncogene (AT3) also respondec :o TGF-~ 1 by a conversion to a fibroblast-like 

phenotype. AT3 cells were tumorigenic ar•: induced squamous cell carcinomas upon 

transplantation in nude mice. However, MCA3J cells transfected with a normal Ha-ras gene 

behaved as the parental cell line. 

TGF-~ 1 -treated carcinoma cells tha1 ·:o-expressed vimentin and keratins and had 

reduced E-cadherin expression, displayeci a mixed phenotype. intermediate between 

epithelial and mesenchymal, and showed inc-:ased invasive and metastatic characteristics. 

On the other hand, transformed cells susreptible to phenotypic modulation by TGF-~ 1 

responded to the growth factor by increasing the secretion and activity of urokinase (u-PA), 

a proteinase involved in invasiveness and c-=11 migration, whereas normal growth-inhibited 

cells did not respond. 

These results suggest that: 1) transbrmed epidermal cells acquire a more plastic 

phenotype susceptible to modulation by TGF - ~ 1 ; 2) this growth factor can act as a 

stimulator of malignan! progression in epidemal carcinogenesis. 
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c-Myc REGULA TES DIFFERENTIA TION OF HUMAN KERA TINOCYTES 

Alberto Gandarillas and Fiona M. Watt. 

Keratinocyte Laboratory. Imperial Cancer Research Fund, London, UK. 

Resembling the physiology of the epidermis, human keratinocytes undergo 

terminal differentiation when placed in suspension (Adams and Watt, 1990). After 24 

hours most cells express involucrin, a marker ofterminal differentiation. After 5 hours 

c-Myc mRNA is down-regulated, whereas Mad mRNA is up-regulated (Gandarillas 

and Watt, 1995). 

In order to explore the role c-Myc plays in keratinocyte differentiation, we have 

infected human primary keratinocytes with retrovirus bearing c-mycER™ chimaeric 

protein. ER™ is a mutant oestrogen receptor that responds to the synthetic steroid 4-

hydroxytamoxifen (TMF) but not to the natural hormone and allows us to regulate myc 

activity (Littlewood et al, 1995). TMF-activation of c-mycER™ in the infected cells 

caused an imbalance in the ratio growthldifferentiation that was not observed in the 

absence ofTMF. Furthermore, the effect was reverse when cells were infected with a 

chimaeric ER™ construct bearing the non-functional c-myc deletion mutant 0106-143, 

thus indicating that integrity ofthe protein was required. The results show that c-myc 

plays an important role in keratinocyte growth and differentiation .. 
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Expression and regulation of activin in vitro and during 
wound repair of the skin 

Griseldis Hübner and Sabine Werner 

Max-Planck-Institut fur Biochemie, Am Klopferspitz 18a, 82152 Martinsried, Germany 

Recently we analysed the expression pattern of activin and its binding proteins in normal and 

wounded skin. We demonstrated a large induction of activin mRNA expression one day after 

skin injury. In contrast, inhibin mRNA was hardly detectable. 13 days after wounding expression 

of activin PA mRNA had returned to the basal leve!, whereas expression of activin p8 mRNA 

was still high. All known types of acti vin binding proteins were expressed in normal and 

wounded skin. However, no significan\ induction of these genes was seen during the repair 

process. In situ hybridization studies revealed expression of activin PA in the granulation tissue 

below the wound and activin p8 in the hyperpro liferative epithelium at the wound edge and in 

the migrating epithelia1 tongue. To identify possible mediators of the activin induction during 

skin repair, we have now analysed the regulation of activin expression in cultured keratinocytes 

and fibroblasts. Here we show that activin mRNA is low in quiescent keratinocytes and 

fibrob lasts but is strongly induced upon serum stimulation and by isolated serum growth factors 

like transforming growth factor P. platelet derived growth factor, and epidermal grov-'th factor. 

Furthermore, we also found a strong activin induction in vitro by cytokines such as interl eukin 

(ll) 1 p and tumor necrosis factror a (TNF -a) . Little is known about the expression pattern and 

regulation of these pro-inflarnmatory cytokines in the wound ti ssue. To determine if these 

cytokines could be activin inducers in vivo, we investigated their temporal and spat ial exprcssion 

pattem during skin repair. We found a strikingly increased expression of li-la, 11-1 p, and TNF-a 

within a few hours after skin injury. Expression started to decline 5 days after wounding. In si tu 

hybridization studies revealed macrophages and polymorphonuclear leukocytes as the most 

importan! sources of pro-inflarnmatory cytokines in skin wounds. In conclusion, growth factors 

derived from the serum upon hemorrhage are likely to initiate the large induction of activin 

expression after skin injury, whereas the pro-inflammatory cytokines can be responsible for the 

prolonged expression at later stages of the repair process. 
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HIGHLY PERSISTENT LABEL·RETAINING CELLS IN THE HAIR FOLLICLES 
OF MICE AND THEIR FATE FOLLOWING INDUCTION OF ANAGEN. 

Rebecca J. Morris and Christopher S. Potten. The Lankenau Medica! Research Center, 
Wynnewood, PA, U.S.A. and The Paterson lnstitute for Cancer Research, Manchester, England. 

We ha ve identified in the hair follicles of mi ce, a highly persistent subpopulation of 

keratinocytes that remains for at least 14 months following labelling. To identify these cells, BDF¡ 

female rnice were injected subcutaneously wíth 10 ).I.Ci of (lH]thymidine (specific activity 25 

Ci/rnmol) in 50 )J.l twice daily for 3 days beginnlng the third day after birth. The mice were weaned 

at 3 weeks and were housed under standard conditions for 14 months after which they were 

anesthetized and were plucked by enmeshing the hair& with plastic dressing and then removing the 

dressing. Light microscopy confirmed that esseotially all of the follicles were in telogen at the time 

of plucking. Every 6 hours for 48 hours, groups of 3 to 4 mice were euthanized, pieces of the 

dorsum were fixed in formalin for paraffin sections with the hair follicles oriented longitudinally, 

and light microscopic autoradiography was performed. In unplucked mice no labelled cells were 

found in the interfollicular epidermis and labelled cells in the hair germ, the sebaceous gland and 

duct, and the hair canal were very rare. The index of labelled cells was 2 percent in the follicle of 

the secondary follícle and was 5 percent in the primary follicle. The labelled cells were located at 

Spain abstract the confluence of the primary e.nd secondary follicles and at the outer aspect of the 

primary follicle 4 to 5 cells from the base. Serial sections confmned that the follicle of the primary 

follicle was continuous with the "bulge region", the si te of attachment of the arrector pílorum 

muscle. Plucking stimulated growth of the hair follicles such that by 18 hours, the follicles had 

entered anagen 1 and by 36 hours had entered anagen 2. At no time after plucking were Jabelled 

cells found in the germ; they remained in the mid-follicular region. These observations support 

the hypothesis that the highly persistent labelled cells are stem cells. These observations also 

suggest that the follicle germ enters anagen autonomously without migratory influx of stem cell&. 

This work was supported by CA45293 from the National Institutes ofHealth and by the Cancer 

Research Campaign Oreat Britain. 
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Functional role for the Retinoblastoma family of proteins in epidermal 
differentiation 

J.M. Paramid1.2l, S. Lain<2>, Ll. Casanoval,> 1 C. Segrelles<1> 
1 

E.B.Lane<2l and 
J.L. Jorcano<1

> 

(1) Dept. of Cell and Molecular Biology CIEMATI Madrid, Spain 
(2) Dept. of Anatomy and Physíologyl Univ. of Dundee, Scotland (U.K.) 

The involvement of the pRb related proteins in the physiology of human 
epidermis has been studied. Transfection experiments in a human keratinocyte 
cellline indicate that the overexpression of certain combinations of these 
proteins can specifically promete different stages of the epidermal 
differentiation process. In particular pRb and p1 07 co-operate to drive the early 
stages of the process (keratin K1 O expression) while p130 appears to be 
involved along with pRb and p107 in later stages (involucrin expression). 
However, among these proteins only p1 07 seemed to promete the cell cycle 
arrest of these cells. The involvement of these protein in this process is al so 
reinforced by their specific localisation in human skin in situ analysed by 
immunofluorescence and Western Blotting of human keratinocytes during in 
vitro differentiation experiments. 
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EXPERIMENTAL MODEL OF LOCAL ADMINISTRATION 
OF GROWTH FACTORS IN REEPITELIZATION 

(Authors: Esther Pascual, Sonia Sanz, Xavier Santos, Gonzalo 
Bilbao) • Hospital del Aire - Madrid 

The most recent studies relate the cicatrization 
etiopathogeny with many growth factors as TGF-b, PDGF, IGF-1 and 
NGF. They consider that EGF, KGF, b-FGF y TGF-a are specially 
implicated in reepitelization. 

For this reason we suppose that the administration of these 
growth factors in equal or superior concentrations to 
physiological ones, in a continuous tapie way over a partial­
thickness skin wound, could help qualitatively and quantitatively 
the reepitelization. 

To confirm this hypothesis we have developed an experimental 
model that allows the administration of the growth factors, 
maintaining continuously the dose in the factor maximun efficacy 
average. 

In this model we use Wistar rats (200-250 g males) that are 
anaesthetised via intraperitoneal for the creation of a partial­
thickness skin wound of 2x2 cm2 , on the interscapular area, with 
a handy dermatomo. Then we place a hydrocolloid aposite 
(Geliperm) saturated with a phosphate buffered solution of the 
growth factor (EGF 10 ~gfml; KGF 3.3 ngjml; b-FGF 1 ~gfml). A 
plastic film is sprayed over the hydrocolloid and this is covered 
with a tied dressing. 

Finally, we use a morphometer to valorate reepitelization. 
With this we can quantifie: 

the thickness of the whole epithelium (from basement 
membrane to corneum stratum), 
- the inflamatory infiltratedjarea. 

We have previously done a chronological study of 
reepitelization with 27 rats (nine groups of three rats each one, 
taking samples from the first to the ninth day), and, after 
verifying that 90% of rats had reepitelizated the sixth day, we 
have established four groups of study: 

- control (20 rats) 
- EGF (20 rats) 
- KGF (20 rats) 
- b-FGF (20 rats) 

We take samples at 3rd and 5th day (10/10). We follow the 
same process for each factor. 

The preliminary results with EGF are presented. 
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CHROMOSOME 9p DELETIONS AND ¡I6 MUTATIONS IN MALIGNANT MELANOMA ruig s1,2, RuizAl, Lynch Ml, Lázaro C , Castel T2, Estivill x1,2. 
Institut de Recerca Oncologica and 2Hospltal Clínic, Barcelona, Spaln. 

Malignant melanoma (MM) is a fatal form of skin cancer whose incidence is rising steadily ata 
rate of 5% per year. Around 10% of MM cases are familial, often in association with dysplastic or 
clinically atypical nevi. An increased incidence of other kind of cancer such as pancreas adenocarcinoma 
has been described in these patients. 

Recently, the pl6 gene (also called CDKN2, CDK41 or MTSlgene) has been cloned from 
chromosome 9p21, which is an inhibitor of cyclin-dependenl kinase 4. pl6 has been found lo be 
rearranged, deleted or mutated in the majorily of tumour celllines indicating its role as a lumour 
suppressor gene. The melanoma predisposition gene (MIM) has been mapped to 9p21 through linkage 
and LOH analysis. Different studies have been done to prove whether they are the same gene providing 
conflicting evidence: while Hussusian et al. have described polentially inactivating mutations in nearly 
75% of families, Kamb et al have only found pl6 mutations in Iess than 20% of families. 

The aim of the present work was ·to elucidale the role of p 16 in sporadic and familial MM. W e 
ha ve sludied 12 microsalellile markers in 9p in 54 sporadic cases to determine and delimítate the 
presence of 9p deletions. Also we ha ve studied through S SCPs analysis and sequencing of abnormal p 16 
bands 49 sporadic MM tumours, 7MM families and 9 patients with melanoma and another associaled 
malignancy (5 patients with more than one primary MM, 1 patient with pancreatic adenocarcinoma, 1 
patienl with mesothelioma and 1 patienl with bladder carcinoma). 

Nearly 50% of the tumours analysed showed LOH al 9p. Severa! clinicopathological types of 
MM had deletions of 9p including two of the three in si tu tumours studied, suggesting that a tumor 
suppressor gene al9p21 is in volved in the early stages of the disease. Microsatellite delctions in sorne 
tumors do not involve the p16 or p15 (ap16 homologous gene that maps a few kilobases from p16) 
genes and place the MIM Iocus closer to the centromere than these genes. 

We have detected a missense mutation (Asp 145Asn) in 3 metastases from a patient who has a 
normal pl6. One of these metastases also presents LOH for this region. 

Only 1 MM familiy presented a mutated p16. Severa! members have a frameshift mutation due 
to a one base pare deletion at nl 351. 

In more than 4% of the samples studied we ha ve found a previously described polymorphism 
(Val140Thr). 

Our results suggest that e ven though p 16 is M IM gene in sorne predisposed cases, the rare 
second hit mutations in sporadic tumours and low proportion of p16 mutations in predisposed 
individuals implies that another tumour suppresor gene(s) exists in 9p21 in volved in the early stages of 
melanoma developmenL 
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IN VlTRO ANALYSIS OF KERATINOCYI'ES FROM TRANSGENIC MICE 

EXPRESSING INTEGRINS IN THE SUPRABASAL EPIDERMAL LAYERS 

M. Rosario Romero, Joseph M. catroll and Fiona M. Watt 

Keratinocyte Laboratory 
Imperial Cancer Research Fund 

Lincoln's Inn Fields, London. WC2A 3PX 

Integrtn expresslon iS normally conflned lo the basal epldermallayer. However. 
when epldermal homeostas!s ls perturbed. for example during wound heallng. in psoriasi.s 
and ln' sorne squamous cell carcinomas, the receptors are also e:x:pressed by suprabasal. 
diíferentiati.ng cells. The human involucrtn prometer has been usCd to express the human 
lntegrtn subunits as. o:2 and p 1 ln the suprabasal epidermal layers of transgenic mice. M lee 
expressing a5 or p1 alone. a 2p1 or a 5 ~ 1 exhibit epldermal hyperproliferatlon. altered 
keratinocyte differentlatton and skln in!lammation. al! of which are features of psortasls. In 
order to understand the mechanism by which suprabasal integnn expression a!Tects these 
processes. we have been studying the properties of keratinocytes cultured from <.~ontrol and 
transgenic rnouse epidermis. TI1e functional status of the transgenlc integrins has been 
tnvestigated 1n assays of cell-cell and cell-extracellular matrix adhesion. The capacity of 
cells from the transgenic rnlce to prollferate and undergo terminal differentiation has also 
been examined. These studies allow us to assess the extenl to which the abnormalities of 
the transgeruc epidermis are inherent lo the keratinocytes or dependent on lntera.ction 
between the epidermis and cells of lhe immune System. 
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EPIDERMAL KERATINOCYrES POSSESS VERY H!GH CAPACITY TO TAKE 
UP ANO MET ABOUZE EXOGENOUS ALL-ffiANB-RETINOIC ACID. R. Keith 
Randolph and Marcia Simon, Living Skin Bank, University Hospital , 
Department of Oral Biology and Pathology, and Depanment of Dennatology, 
SUNY, Stony Break, Stony Brook, NY. . 

The uptake and metabolism of exogenous all-tran.Yretinoic acid (RA) by 
cultured human epidermal Keratinocytes was examine~t Exogenous RA 
presentad to keratinocytes in physiological form bound to albumin was avidly 
taken u p. lntracellular concentrations ot RA were 20 to 50-fold higher than the 
RA concentration of medium and were linear over a medium RA concentration 
range extending from 1 nM to 1 pM. The rate of RA uptake and metabolism 
was very rapid. lntracellular RA concentration peaked by 1-2 h and decreased 
steadily thereafter with a half-llfe of 6 h. The klnetlcs were the result of 
metabolism rather than exchange or excretion of RA back into the medium. 
80% of intracellular RA was metabolized to unidentified compounds more 
polar than 4-hydroxy-, 4-oxo-RA, or glucuronides. 80% of these unidentified 
polar metabolites were recovered in the medium: the balance was retained by 
cells. The production and clearance of the very polar retinoid metabolites was 
inhibited 50% by 1 o ¡;M ketooonazole. 

10-20% of intracellular RAwas converted to 3,4-ddRA. The conversion of RA 
to 3,4-ddRA was proportional to medium and cellular RA concentration and 
was not affected by ketoconazole. 

The results suggest that uptake and metabolism of RA by "basal" 
keratinocytes has potential to shield differentiating suprabasal keratinocytes 
from RA in plasma. 
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*: Out of stock . 

*246 Workshop on Tolerance: Mechanisms 
and lmplications. 
Organizers: P. Marrack and C. Martinez-A. 

*247 Workshop on Pathogenesis-related 
Proteins in Plants. 
Organizers: V. Conejero and L. C. Van 
Loon . 

*248 Course on DNA- Protein lnteraction. 
M. Beato. 

*249 Workshop on Molecular Diagnosis of 
Cancer. 
Organizers: M. Perucho and P. Garcia 
Barreno. 

*251 Lecture Course on Approaches to 
Plant Development. 
Organ izers : P. Puigdoménech and T. 
Nelson. 

*252 Curso Experimental de Electroforesis 
Bidimensional de Alta Resolución. 
Organizer: Juan F. Santarén. 

253 Workshop on Genome Expression 
and Pathogenesis of Plant RNA 
Viruses. 
Organizers: F. Garcia-Arenal and P. 
Palukaitis. 

254 Advanced Course on Biochemistry 
and Genetics of Yeast. 
Organizers: C. Gancedo, J. M. Gancedo, 
M. A. Delgado and l. L. Calderón. 

*255 Workshop on the Reference Points in 
Evolution. 
Organizers: P. Alberch and G. A. Dover. 

*256 Workshop on Chromatin Structure 
and Gene Expression. 
Organizers: F. Azorin , M. Beato and A. 
A. Travers. 

257 Lecture Course on Polyamines as 
Modulators of Plant Development. 
Organizers: A. W. Galston and A. F. 
Tiburcio. 

*258 Workshop on Flower Development. 
Organizers: H. Saedler, J. P. Beltrán and 
J. Paz-Ares. 

*259 Workshop on Transcription and 
Replication of Negative Strand RNA 
Viruses. 
Organizers: D. Kolakofsky and J. Ortin. 

*260 Lecture Course on Molecular Biology 
of the Rhizobium-Legume Symbiosis. 
Organizer: T. Ruiz-Argüeso. 

261 Workshop on Regulation of 
Translation in Animal Virus-lnfected 
Ce lis. 
Organizers : N. Sonenberg and L. 
Carrasco. 

*263 Lecture Course on the Polymerase 
Chain Reaction. 
Organizers : M. Perucho and E. 
Martínez-Salas. 

*264 Workshop on Yeast Transport and 
Energetics. 
Organizers: A. Rodríguez-Navarro and 
R. Lagunas. 

265 Workshop on Adhesion Receptors in 
the lmmune System. 
Organizers: T . A . Springer and F. 
Sánchez-Madrid. 

*266 Workshop on lnnovations in Pro­
teases and Their lnhibitors: Funda­
mental and Applied Aspects. 
Organizer: F. X. Avilés. 
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267 Workshop on Role of Glycosyi­
Phosphatidylinositol in Cell Signalling. 
Organizers: J. M. Mato and J. Lamer. 

268 Workshop on Salt Tolerance in 
Microorganisms and Plants: Physio­
logical and Molecular Aspects. 

Texts published by the 

O·ganizers: R. Serrano and J. A. Pintor­
Toro. 

269 Workshop on Neural Control of 
Movement in Vertebrales. 
Organizers: R. Baker and J. M. Delgado­
García. 

CENTRE FOR INTERNATIONAL MEETINGS ON BIOLOGY 

Worksnop on What do Nociceptors *10 Workshop on Engineering Plants 
Tell the Brain? Against Pests and Pathogens. 
Organizers: C. Belrnonte and F. Cerveró. Organizers : G. Bruening , F. García-

Olmedo and F. Ponz. 
*2 Workshop on DNA Structure and 

Protein Recognition. 11 Lecture Course on Conservation and 
Organizers: A. Klug and J. A. Subirana. Use of Genetic Resources. 

*3 Lecture Course on Palaeobiology: Pre- Organizers: N. Jouve and M. Pérez de la 

paring for the Twenty-First Century. Vega. 

Organizers: F. Álvarez and S. Conway 
12 Workshop on Reverse Genetics of Morris. 

Negative Stranded ANA Viruses. 
*4 Workshop on the Past and the Future Organizers: G. W. Wertz and J . A. 

of Zea Mays. Melero. 
Organizers: B. Burr, L. Herrera-Estrella 
and P. Puigdoménech. *13 Workshop on Approaches to Plant 

Hormone Action 
*5 Workshop on Structure of the Major Organizers: J. Carbonell and R. L. Jones. 

Histocompatibility Complex. 
Organizers: A. Arnaiz-Villena and P. *14 Workshop on Frontiers of Alzheimer 
Parham. Disease. 

*6 Workshop on Behavioural Mech-
Organizers: B. Frangione and J. Ávila. 

anisms in Evolutionary Perspective. 
*15 Workshop on Signal Transduction by Organizers: P. Bateson and M. Gomendio. 

Growth Factor Receptors with Tyro-
*7 Workshop on Transcription lnitiation sine Kinase Activity. 

in Prokaryotes Organizers: J. M. Mato andA. Ullrich. 
Organizers: M. Salas and L. B. Rothman-
Denes. 16 Workshop on lntra- and Extra-Cellular 

·s Workshop on the Diversity of the 
Signalling in Hematopoiesis. 
Organizers : E. Donnall Thomas and A. 

lmmunoglobulin Superfamily. Grañena. 
Organizers: A. N. Barclay and J. Vives. 

9 Workshop on Control of Gene Ex- *17 Workshop on Cell Recognition During 
pression in Yeast. Neuronal Development. 
Organizers: C . Gancedo and J . M. Organizers : C . S . Goodman and F . 
Gancedo. Jiménez. 
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18 Workshop on Molecular Mechanisms 
of Macrophage Activation. 
Organizers: C. Nathan and A. Celada. 

19 Workshop on Viral Evasion of Host 
Defense Mechanisms. 
Organizers : M. B. Mathews and M. 
Esteban. 

*20 Workshop on Genomic Fingerprinting. 
Organizers: M. McCielland and X. Estivill. 

21 Workshop on DNA-Drug lnteractions. 
Organizers: K. R. Fax and J . Portugal. 

*22 Workshop on Molecular Bases of Ion 
Channel Function. 
Organizers: R. W. Aldrich and J . López· 
Barneo. 

*23 Workshop on Molecular Biology and 
Ecology of Gene Transfer and Propa­
gation Promoted by Plasmids. 
Organizers : C. M. Thomas , E. M. H. 
Willington, M. Esp inosa and R. Díaz 
Orejas. 

*24 Workshop on Deterioration, Stability 
and Regeneration of the Brain During 
Normal Aging. 
Organizers: P. D. Coleman, F. Mora and 
M. Nieto-Sampedro. 

25 Workshop on Genetic Recombination 
and Detective lnterfering Particles in 
RNA Viruses. 
Organizers: J . J . Bujarski, S. Schlesinger 
and J . Romero. 

26 Workshop on Cellular lnteractions in 
the Early Development of the Nervous 
System of Drosophila. 
Organizers: J . Modolell and P. Simpson. 

• 27 Workshop on Ras, Differentiation and 
Development. 
Organizers: J. Downward, E. Santos and 
D. Martín-Zanca. 

28 Workshop on Human and Experi­
mental Skin Carcinogenesis. 
Organizers: A. J . P. Klein-Szanto and M. 
Quintanilla. 

• 29 Workshop on the Biochemistry and 
Regulation of Programmed Cell Death. 
Organizers: J. A. Cidlowski, R. H. Horvitz, 
A. López·Rivas and C. Martínez-A. 

• 30 Workshop on Resistance to Viral 
lnfection. 
Organizers : L. Enjuanes and M. M. C. 
Lai. 

31 Workshop on Roles of Growth and 
Cell Survival Factors in Vertebrate 
Development. 
Organizers: M. C. Raff and F. de Pablo. 

32 Workshop on Chromatin Structure 
and Gene Expression. 
Organizers: F. Azorín , M. Beato andA. P. 
Wolffe. 

33 Workshop on Molecular Mechanisms 
of Synaptic Function. 
Organizers: J. Lerma and P. H. Seeburg. 

34 Workshop on Computational Approa­
ches in the Analysis and Engineering 
of Proteins. 
Organizers: F. S. Avilés, M. Billeter and 
E. Querol. 

35 Workshop on Signal Transduction 
Pathways Essential for Yeast Morpho­
genesis and Celllntegrity. 
Organizers: M. Snyder and C. Nornbela. 

36 Workshop on Flower Development. 
Organizers : E. Caen, Zs . Schwarz· 
Sommer and J . P. Beltrán. 

37 Workshop on Cellular and Molecular 
Mechanism in Behaviour. 
Organizers : M. Heisenberg and A. 
Ferrús. 

38 Workshop on lmmunodeficiencies of 
Genetic Origin. 
Organizers: A. Fischer and A. Arnaiz· 
Vi llena. 

39 Workshop on Molecular Basis for 
Biodegradation of Pollutants. 
Organizers : K. N. Timmis and J . L . 
Ramos. 

40 Workshop on Nuclear Oncogenes and 
Transcription Factors in Hemato­
poietic Cells. 
Organizers: J . León and R. Eisenman. 
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41 Workshop on Three-Dimensional 
Structure of Biological Macromole­
cules. 
Organizers: T. L Blundell, M. Martínez· 
Ripoll , M. Rico and J . M. Mato. 

42 Workshop on Structure, Function and 
Controls in Microbial Division. 
Organizers: M. Vicente, L. Rothfield and J . 
A. Ayala. 

43 Workshop on Molecular Biology and 
Pathophysiology of Nitric Oxide. 
Organizers: S. Lamas and T. Michel. 

44 Workshop on Selective Gene Activa­
tion by Cell Type Specific Transcription 
Factors. 
Organizers: M. Karin , R. Di Lauro , P. 
Santisteban and J . L. Castrillo. 

45 Workshop on NK Cell Receptors and 
Recognition of the Major Histo­
compatibility Complex Antigens. 
Organizers: J . Strominger, L. Moretta and 
M. López-Botet. 

46 Workshop on Molecular Mechanisms 
lnvolved in Epithelial Cell Differentiation. 
Organizers: H. Beug, A. Zweibaum and F. 
X. Real. 

47 Workshop on Switching Transcription 
in Development. 
Organizers: B. Lewin, M. Beato and J. 
Modolell. 

48 Workshop on G-Proteins: Structural 
Features and Their lnvolvement in the 
Regulation of Cell Growth. 
Organizers: B. F. C. Clark and J . C. Lacal. 

49 Workshop on Transcriptional Regula­
tion at a Distance. 
Organizers: W. Schaffner, V. de Lorenzo 
and J. Pérez-Martín. 

50 Workshop on From Transcript to 
Protein: mANA Processing, Transport 
and Translation. 
Organizers: l. W. Mattaj, J . Ortín and J . 
Valcárcel. 

* · Out of Stock. 

51 Workshop on Mechanisms of Ex­
pression and Function of MHC Class 11 
Molecules. 
Organizers: B. Mach and A. Celada. 

52 Workshop on Enzymology of DNA­
Strand Transfer Mechanisms. 
Organizers: E. Lanka and F. de la Cruz. 

53 Workshop on Vascular Endothelium 
and Regulation of Leukocyte Traffic. 
Organizers: T. A. Springer and M. O. de 
Landázuri. 

54 Workshop on Cytokines in lnfectious 
Diseases. 
Organizers: A. Sher, M. Fresno and L. 
Rivas. 
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The Centre for Intemational Meetings on Biology 
was created within the 

Instituto Juan March de Estudios e Investigaciones , 

a private foundation specialized in scientific activities 
which complements the cultural work 

of the Fundación Juan March. 

The Centre endeavours to actively and 
sistematically promote cooperation among Spanish 

and foreign scientists working in the field of Biology, 
through the organization of Workshops , Lecture 

and Experimental Courses, Seminars, 
Symposia and the Juan March Lectures on Biology. 

From 1988 through 1995, a 
total of 83 meetings and 7 

Juan March Lecture Cycles, all 
dea1ing with a wide range of 
subjects of bio1ogical interest, 

were organized within the 
scope of the Centre. 



The lectures summarized in this publication 
were presented by their authors al a workshop 
held on the 17th through the 19th of June /996, 
at the Instituto Juan March. 

All published articles are exact 
reproduction of author's text. 

There is a limited edition of 400 copies 
of this volume, available free of charge. 


