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Human keratinocytes express several adhesive receptors
of the integrin family. Expression is normally confined
to the basal (proliferative) layer of keratinocytes, both in
mature epidermis and during development. Altered
expression patterns are observed during wound healing,
in psoriasis and in squamous cell carcinomas. Ker
atinocyte integrins are subject to both transcriptional
and post-translational regulalion and ligand binding
ability can be modulated independently of expression.
Studies with cultured keratinocytes suggest a variety of

INTRODUCTION

The process of differentiation is not confined to the embryo:
throughout adult life new differentiated cells are produced
to replace cells lost through death or tissue damage. In strat
ified squamous epithelia such as the epidermis dead, tenni
nally differentiated cells are continually shed from the
outermost layers of the tissue and replaced through prolif
eration of a stem cell population in the basal layer. Human
epidermal keratinocytes can be grown in culture under con
ditions in which they form stratified sheets with the same
basic organisation as epidermis in vivo and these can be used
to study stem cell proliferation. terminal differentiation and
tissue assembly (reviewed by Watt. 1988, 1989, 1991).

Recent work has highlighted the importance of the
integrin family of adhesive receptors in regulating ker
atinocyte behaviour. Each integrin is a heterodimer of one
a and one ~ subunit, which are non-covalently associated
(reviewed by Albelda and Buck, 1990; Hemler, 1990;
Ruoslahti, 1991; Hynes. 1992). Each subunit has a large
extracellular domain. a transmembrane domain and a cyto
plasmic domain which is usually short and usually associ
ates with the actin cytoskeleton. Binding of ligands; which
are extracellular matrix proteins or counter-receptors of the
immunoglobulin superfamily, requires both subunits; the
ligand binding sites appear to be intimately associated with
cation binding domains on the a subunits. So far over 7
different j3 subunits and 13 different a subunits have been
identified and a growing number have been found to exist
a..... two or more splice variants. An individual ~ subunit can
potentially parlner several different a subunits and vice
versa: ligand binding specificity depends. to a large extent.

functions for the receptors: adhesion to extracellular
matrix proteins, intercellular adhesion, stratification,
lateral migration and the regulation of' terminal differ
entiation. Three distinct subpopulations of basal ker
atinocytes, with characteristics of stem cells, transit
amplifying cells and cells committed to differentiate, can
be distinguished on the basis of differences in integrin
expression and function.
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on heterodimer composition. ]n addition. some inlegrins can
bind several apparently structurally unrelated ligands and a
given integrin expressed in two different cell types can show
different ligand binding properties.

THE KERATINOCYTE INTEGRINS

Integrins mediate attachment of keratinocytes (0 the
basement membrane that separates the epidermis from the
dermis; this specialised extracellular matrix is rich in a
number of proteins and proteoglycans, including laminin,
type IV collagen and epiligrin (which may be identical to
kalinin) (Yurchenco and Schittny, 1990; Rousselle et al..
1991; Watt and Hotchin, 1992). The most abundant ker
atinocyte integrins are a2~1, a3~1 and CX6f3~ (see Table 1 for
summary). a,j3, is a receptor for collagen and laminin and
a'~1 is a receptor for laminin and epiligrin (Carter et aI.,
1990a,b, 1991; Staquet et aI., 1990; Adams and Watt, 1991).
Q'.('~4 is n component of hemidcsmosomes: its ligand has yet
to be established unequivocally but may be laminin (Stepp
et aI., 1990; De Luca et aI., 1990; Lee et aI., 1992).

Two other keratinocyte integrins that are well charac
terised are a.'\~l. a fibronectin receptor (Adams and Watt.
i990, 1991; Carter et al.. 1990a). and a,.~,. a vitronectin
receptor (Adams and Watt. 1991; Marchisio et al.. 1991).
Although a5~' is readily detected in cultured keratinocytes
it is either weakly expressed (Hertle et aI., 1991, 1992) or
undetectable (Peltonen et aI., 1989; Nazzaro et al.. J990;
Pellegrini et aI., 1992) in mature epidermis. There is a low
level of fibronectin in mature basement membrane (Stenman
and Yaheri, 1978: Fleischmajer and Timpl, 1984) and vit-
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Table 1. Integrins expressed by keratinocytes (see text
for references)

Intcgrin Ligand(s) CommCI1t.~

properties of ~IA and ~1I1 are similar, ~IB does not localise in
focal adhesions (Balzac et aI., 1993).

roneetin is reported to be absent (Reilly and Nash. 1988).
However. in wounds in which the basement membrane is
destroyed. fibronectin forms the provisional matrix over
which keratinocytes migrate (Clark, 1990) and when placed
in culture keratinocytes become adhesive to fibronectin
(Grinnell, 1992).

Other integrin subunits reponed to be expressed by ker
atinocytes include a" which forms a heterodimer with ~I

and is expressed in trace amounts (Belkin et aI., 1990; Buck
et aI., 1990; Hertle et aI., 1991; but see also De Luca er aI.,
1990; Nazzaro el aI., 1990; zambruno et aI., 1991) and a,.
which is moderately abundant in chick embryonic epidermis
and forms a heterodimer with the ~, subunit (Bossy et aI.,
1991). A ~)-related mRNA has been identified in cultured
mouse keratinocytes; however, its small size suggests that it
is unlikely to encode full-length ~) protein (Yuan et aI.,
1992). The ~6 integrin subunit forms a heterodimer with a.
and acts as a fibronectin receptor in a range of epithelial cells
(Sheppard et al., 1990; Busk et aI., 1992); it is not known
whether keratinocytes express ~6. but antibodies to U v do not
block keratinocyte adhesion to fibronecrin (Adams and
Watt, 1991).

Variant forms of integrin subunits are believed to arise
through alternative splicing; in each case the classical form
is referred to as the A fann. In addition to J)IA. keratinocytes
express a variant known as ~'B in which a unique 12 amino
acid sequence replaces the carboxy-terminal 21 amino acids
of ~'A (Altruda et al .. 1990; Balzac et al., 1993). <:/.(,A and ex.B
have unique cytoplasmic domains of 36 and 54 amino acids
respectively; keratinocytes only express ex.A (Hogervorst et
aI., 1993); Tamura et aI., 1991). Splice variants of the a,
(Tamura et aI., 1991) and ~, (Hogervorst et aI., 1990; Suzuki
and Nailoh, 1990; Tamura el al .. 1990) subunits have also
been described. The ~, cDNA originally cloned from ker
atinocytes (Hogervorst et aI., 1990) contains a 53 amino acid
insert in the cytoplasmic domain not found in ~, cDNA from
retinal pigment epithelial cells (Suzuki and Naitoh. 1990) or
carcinoma cells (Tamura et aI., 1990).

The cytoplasmic domains of integrins not only interact
with cytoskeletal proteins but also playa role in signal trans
duction and can regulate the ligand binding ability of the
extracellular domains (Hynes, 1992; Damsky and Werb.
1992; Adams and Watt. 1993; Juliano and Haskell, 1993).
It therefore seems likely that the variant integrin subunits
will have different cellular functions from the classical
forms. Evidence for this has come from transfection exper
iments which demonstrate that although the ligand binding

a2~1
(lJ!3,
",p,
aRPI
<X<;~4

?

Collagen. laminin
Lnminin. cpiligrin
Fibroncctin

?
Laminin?

Vitroncctin

Expressed in trace
amounts or undetectable

Component of
hcmidesmosolllcs

Reported expression of
IlNclalcd mRNA

NORMAL AND ABNORMAL INTEGRIN
EXPRESSION PATTERNS

Within the epidermis. integrin expression is largely confined
to the basal layer of keratinocyles that are attached to the
underlying basement membrane (see. for example, Wayner
et aI., 1988; De Strooper et aI., 1989; HertIe et al.. 1991,
1992; Fig. IE). The integrin subuniL. tend to have a peri
cellular distribution, although the ex. and ~, subunits show a
relative concentration at the basement membrane zone, con
sistent with their association with hemidesmosomes. The Ct3
and ~l subunits are expressed in embryonic epidermis prior
to the initiation of stratification and do not change in
abundance or distribution during subsequent development;
however the other subunits (including a,; see Fig. I) show
spatial or temporal changes in expression and it is tempting
to speculate that integrins may playa role in establishing the
spatial organisation of the epidermis (Henle er aI., 1991).

The distribution of integrins in stratified cultures of
human keralinocytes resembles their distribution within the
epidermis: expression is largely restricted (0 the basal layer
(Nicholson and Watt. 1991; Adams and Watt, 1991). Flow
cytometry can be used to analyse the relationship between
integrin levels and differentiation status in individual ker
atinocytes, using binding of peanut lectin (PNA) as a marker
of terminal differentiation (Wall and Jones. 1992). Fig. 2
shows that the a" a, and ex. subunits are markedly down
regulated in cells that bind PNA; a, expression is also
decreased. but to a lesser extent.

Although integrin expression is normally confined to
basal keratinocytes, altered expression patterns have been
observed in situations in which the normal balance between
proliferation and terminal differentiation is perturbed.
During wound healing and in psoriatic lesions integrins are
expressed suprabasally by keratinocytes lhat have initiated
terminal differentiation (Ralfkiaer et aI., 1991; Hertle et aI.,
1992). In squamous cell carcinomas there is considerable
variation in integrin expression both within and between
tumours (see, for example. Peltonen et al.. 1989; Wolf et aI.,
1990; Jones et aI., 1993), but focal loss of the a" a" ex. and
~4 subunits is a common feature of poorly differentiated oral
squamous cell carcinomas (Jones et al .. 1993). Reduced
expression of specific integrin subunits is observed in some
keratinocyte lines derived from oral squamous cell carcino
mas (Sugiyama et aI., unpublished data) and experiments are
underway to investigate whether 'repair' of the lines with
appropriate integrin expression vectors has any effect on
their proliferative potential and differentiation capacily (cf.
Giancotti and Ruoslahti, 1990).

TRANSCRIPTIONAL AND POSTTRANSLATIONAL
REGULATION OF INTEGRIN EXPRESSION

One technique which has been used extensively to study
integrin expression in keratinocytes is suspension-induced
terminal differentiation (Green, 1977; Watt et aI., 1988).
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Cultured human keratinlll.:yte:-. arc di ...aggregaled and re:-.u:-.
pcndcd in medium made vi~coll:-' by the addition of mcthyl
cellulose: th~ (,;..:11:-. r~main rounded and arc prevented from
adhering to one another or 10 th~ cullure di:-.h. By ahout :)
hour:-. in :-.u~pen~inn. keratinocyle:-. have withdrawn from the
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cdl eycle and hecome cOllllnilled 10 differentiale: hy 2....
hours the Illiljority of t:dh have initiated terminal dilTercn
tiatio!l and arc expre~~ing illvolucrin. a pret:ursor of the
cornilicd cnvelope that i:-. expn.:~~cd ~llpr~lha~ally in culture
and in the upper layer~ 01" the epid~rllli:-..

When kcratillocyl~:-' ilrc placed in sllspell~ion for 24 hr
Ihere i~ ilmarked r~duclion in (;e11 sllrfac~ levels or integrins.
although the U:. subunit i~ not downregulaled tll Ihe :-.:II11C

exlenl a:-.the nthl:r :-'llhullits (Fig.~: Adam.... :lnd Wall. 1990:
Ilotl:hin :llld \-Vall. 11)l)2). Thl:rl: is a (;orrespol1lling lkdinc
in inlegr;n rnRNA levels (Nicholson and Wall. 1t)t)I) which
n.:lkcts a shut off or trallscriptioll of illll:grin gencs (HOIChill
and Wall. 1992). In silU hyhridisalioll of sl:ctions or skin
(Wall and I-krill:. Il)t)~) and 01" stralilil:d kcralilltll:yle
t:ulture:'\ (Hodivala and Watl. unpublishcd dala) :'\hows Ihal
integrin mRNA:'\ an.:: loc:t1ised to the ba~al celt layer. The
:th~ellce or intcgrins rrom Ihe :'\url"acc of tcrm;nally dilTcr
ellli:Hing ccll~ t1oe:-. nol :-.illlply rdkcl tran ...criptiollal rcgu
lalillll. however: when kCf:tlilHx:yll::'\ arl: MI:'\pelHkd ill
methyl t:clllllo~c. '-linked glyt:osylatioll and intracellular
Iran"'porl or ncwly :'\ynthc:'\i~cd PI intcgrill:'\ :Ire inhihited by
a l11c<.:hani:-'11l Ihal remain:-. III he ducidall:t1 (Iloichin and
Watl. I t)(j2).

FUllctional downregul:t1iOIl or il1legrin:'\ precede:'\ loss or
Ihe.; n.:cept{)[":,\ l'rom the cell :'\urrace. Wh~n keratillocytcs
becoll1e.; COl11milte.;d 10 tL:rmin:t1 dirkrcnliatioll. at aboul ;) hr
in .... llspl:nsioll. Ihe ahilily or thl: 13 1 inlcgrins 10 hind exlra
cellular 1l1alrix proteins is suhstantially (kcrl:<lsed all hough
lhl:re is no reduction in Ihe level of inlegrins 011 the cell
surface at thi:-. lime (I\dam:'\ alld Watl. 1(90). The decrease
in ligand hinding ahililY n..:lkl.·l:,\ funcliollal Illodulalion of
rl:ceptor:,\ onlhl: cl:11 :'\urfacl: (I-Iolchin and \Vall. IlJlJ1) which
would be consislent wilh a change in receptor conrormation
<O'Toolc cl :II.. 1990: F:lull 01 "I.. 1993: HOlchin cl "I..
1Il1puhli:'\hcd data). Thl: decreased ability ()I" comlllilll:d el:lls
10 adherl: to l:Xlr:lcdlular malrix proll:ill:-. i:-. Ii)"c!y 10 en:-.urc
thai lho:'\c ccllfo. arc :'\elcctivcly expelled from the ha~al layer
and migrate inlO thc layer ahovc (l-\d:1I11:'\ and Watl. 1990:
Fig..... ).

FUNCTIONS OF THE KERATINOCYTE INTEGRINS

Cell-cell and cell-extracellular matrix adhesion
Till: prinwry functioll or keralillncytc inll:grill .... is adhl:sivl:.
but tile reccplOrs do nol act simply as p:l:'\sivc ,lliachmcnts
to Ihe basemen I mcmbrane. As described ahove. funclional

Fig. I. 11IlI1lt1ll0f1UOl"l..'...l,;l,;J1l,;l,; ... laining ...ho\\ ... l,;Xprl,;...... illll of Ihl,; [.(!

illlq;rin ...uhunil during hUllIancpi(knnal dc\c1oPIllCI1I.
GC... I:ltional ;lge... arc a... 1'01111\\ .... (A) 7.:-: \\~d. ... : cpidenni ... nllhi ...l ...
III" (lIlC 1:1) cr ()r J..cr:llilltlCyIC... ()\ l:rlaid h) pl,;ridenn: Ihe u:. ... ubullil
i... UIllkh::clahk. (Ii) t).O \\cc" ... : thc l,;pilknni ......lilll..'tllllain ... onl)
Oil..:: I:l)l:rof J..t.:ralilllll.')tc hUllhl' (1:. illlcgrin :-'llhunil i...
cxprc ......cd: 1I0lC that a! i more ahundanl 10 Ihc h.:f1 or Ihc arw\\
Ihan \() Ihc right. (C) 10.7 wccb: :-.Iralilil,;alioll ha ... hcgull and Ihere
arc nO\\ 1\\0 la)'I..'I'''' or l....::ralillocYIC"': (D) J ).~ wccl.. ... : 1111.::1\.' arc
...e\cral ...upraha:-.al byl:r...: null.:: Ihl.:: dcveloping "\1.::;11 till!..'''' whil.::h
~lain inlcn:-.dy: (1:) IlI.::Ollalall.::pidcrllli~. Scali.:: hal'. 50 pill.
Repnldul..'cd I"nl1l1 I krtlc cl al .. 199 I: (opyrighl The CtllllpallY Ilf

Billl\)gi~l~ l.ld.
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Fig. 2. Flow cytometcr contour plot~ of
~ingk cdl "lI"pcll~ioll"of 1.:01111ucI1t
cultured I..eralinocyte.. lahclled with
anlibmlit::-- In indl\ idual ill[egrin ..uhU1II[,
(n.!. al. a~. at.) and wilh p~anul kctin
(PNA) which hinds ~pecilicaJly 10
terminally diffcrt:lltiatillg eelI:-..
Fluore~celll"e i:<. ~bown in :lrhitr"ry unit:-.
on a Illg M.:ale Oil bOlh :\ ami)' axe .. and
Ihe 1l111nh~r or l:ontour IIne:-- renec" the
nllllllll:r of cdb with a given value or
l1uore..cel1cl.:. Anti-a.! and ((, alltibodie~

(I1AS6 and VM'::~. re..pccti,,-:Iy) \\ere
diret:1 FITC COlljUg:lh:... anli·o.<; and (4,

antihodi~:-- (IIlAh 16 :lnd GuID.
r~spe(;livcJy) wcr~ (h.:t~cted witl1 an FITC·
conjugated anti-ral antibody. 13iotillylatcd
P A wa, detected with Tricolor
:--trept:l\ idin (Wall and Jone... 19(2).
Marl..er.. 011 eadl :lxi:-- :--how the upper
Ii Inil or ~Iai lIil1g of the n~g:Ltivc l:olltrob
(CDS-FITC for ((:! ;Uld ((1. FITC-antj rat
alone fur ((~ :md flt. and Tricolor alone for
PNA). Note lhat the (.(\ :tnd a., :"oubunib
arc lIlarl..edly downreglllated in cdl:-- Ihal
expre~~ a highr.:r level of PNA
(approximately a H)-fold decrease in
I\uore"ccllc~): lh~ ((~ :--uhunil i.... imil:lrly
downregul;IICtl. but the ((.! :"oubunit :"ohuw:<.
;1 lIlw.:h "l1Iillkr decrea~t: in l1uore..ccncc.

d()Wnr~gulalioll of the B, intcgrins CI1SllrC~ the migration uf
COl1llllillcd cells lllll llf the ba~al layer (Adam~ and Wall.
1990). In addition. later.1I migration of kcralinoc)'ll:!'- in vilro
is l11~diatcd by il1tcgrin~. implying Ihal they pIa)' a role ill
wound healing ill vivo (Kim c[ al.. 1992: Grinllell. 1992).

Illlcgrin:-. arc present Oil the lateral membranes of basal
kcralilHx:ytc:-. (:-.CI.:. Fig. I) and there i:- :-.OI11C evidence \h;1I

they playa role in intercellular adhesion. pcrhap:-. through
direct binding of Q!13 1 10 alBI (Symington CI al.. 1993). The
hest char~lt':ll;riscd i Illcrccllular rcccplOrs of kcrat in()cytcs arc
the dC:-'lllcIM)mal ;Inel Il<lndeslno:-.omal t.:adllerin:-. (rcvicwcd
by Takeichi. 1991: Geigcr and Ayalon. 1992: Buxton and
Magee. 1992) which r~quirc cxtracdlular cillciulll ion~ in
melcr \0 function. In low calciulll medium cell-cell contacts
call he disruptcd by all anti*I}1 antihody (Larj,\v;1 ct 411..
IlJ90): howcver individual anti-illlegrin al1liboelic:-. do 110t
block calcium-dependent aggregation of keratinucyles in
:-.uspcnsioll (Tcnchini ct al.. 1993). Further experiments on
the rolL: of inlcgrins in kcratinocytc-kcratinocYle ;ldhesion
arc dearly Ileccssary. particularly ill the light or rC(;Cl1t
evidence that cadherins lllay playa rok ill the down regu
lation of integrin expression thai occurs during lcnninal
diffcrelltialioll (Hodivala and Watt. unpublished data).

RegUlation of terminal differentiation
When kenllinocytes arc plated on an adhesive subslrate that
restricts ~preading. tennin.tl dilTcrcntiation is stimulated
(\-Vatl et al.. IlJRX) and loss or contact wilh the extracellular
Jlwtrix may hc Ihe prilllary dirTerellti;ltioll slimulus in SlIS-

pCllsion (Adams and Wall. IlJX9). Suspension-induced
tt:rminal dilTert:luiatiul1 can be inhibited hy inclusion of
libroneclin or antibodie:-. to the PI intcgrin :-.ubunit in the
methyl cellulose at Ihe time or plating (Adams and Watt.
1989: Watl el al.. 1993). Howcver. if lihroneclin is ~l(..Idt;(1

morc than 2 hI' after the cclls have bccn placed in suspen
:-.ion differentiation i~ not inhibited. because of the decrc,l:-'c
in (l<;Pl ligand-binding ability that occur:-. 011 commitmcnt to
dillercntialion (Adams and Wall. 1989. 1990). Recent
experiments have shown lhal laminin and type IV collagen.
ill comhination with a low concelltration of Iihrol1CClin. C'lI1

participate in th~ inhibition of difrcrentiation. a:-. c.m a
cocktail of runction blocking antibodies (which prc~umably

mimic receptor-ligand binding) to the (l2. (l, and (l~ subunits
(Wall cl 411.. 19lJ3). Thes~ ohservatiulls suggest lila!. in vivo.
terminal difrerentiation may he regulated by the total pro
portion or ~I heterodimer~occupied by ligand. a decrease in
that proportioll acting as a stimulus for differentiation (see
Fig. 4). One extcnsion or this hypothesis is thaI intcgrins on
the apical and lat~ralll1ell1brallCS uf basal kcratinocytcs may
be inactive because Ihey arc not in contact with extracellu
lar matrix proleins (~ce. for cxample. TCl1chini ct al.. 199J).

Stem cells and transit amplifying cells
The epidermis is believed to contain two types or proliferat
ing cell: stcm cells. which retain a high capacity for sclf
rencwal throughout adult life. and transit amplirying cells.
which havc a lower capacity for sclf-rcncw~l1 and :.l high
probability of 1I11(krgoing tcnninal dirrerClllialioll aher a few
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Fi~. 3. Errcl:l~ or su~pell~ioncullure on
intcgrin expression. (A.B) Dill plols
showing the light ~c'llh:ring

characteri~lies or a kel'atimx:yle
~t1~pen~ioll before (1\) and aftcr (13) 2-t
hr of ~t1sp..:nsiollcultur..: in m..:thyl
cdlulos..:. The forward and ~idc light
scall..:r (FSC and SS n.:spcclivdy) arc
rr.:l:orded in arbitrary unit~ 011 a lilll.:ar
scale. each dOl representing one cd!.
FSC i~ relatecltlJ cell size :llId sse to
cytoplasmic c01l'1plexily. Ih.:gioll A in
each pand contains hasal edls and
n.:gion 13 contain... terminally
ditTen.:ntiating edb (Jones and Wall.
1993): there is a marked increase in
the number of terminally
dirfer~nlialin~cd 1:-. :tn~r :'>u:-,pclI:-.iuJI.
«('-F) Ili~logralll:-' :-.hm\ ing the levd of
Illlon.:~cenceof integrin subunit!'> (c.
PI: D. at: E. o.!:F. o.~) ill cdl ... hefore
(dOlled line) and after (~olid line) 24 hr
or "Ll"pcn:-.ion. Flll()re"C~nce i:-. in
arbitrary unils 011 a lo~ ~calc: the
vertical axi:,> is cdl number. The
markers show the levcl~ or control
l111un.:~ccncc before (left hand marker)
and ;1I"tcr (right hand marker)
suspension. Then.: i~ a decrease in the
mod:ll f111orcscem.:c of !}I. U, alld o.~

integril1s :tfter 24 Ilr. witll a second
peak or a "houlder of dull cells
appearing to the left or th~ peak seen
in () hr cd!:'>. Cdl:-. in th~ il1\egrin dull
populations fall into regiun 13 011 the
basis or their light scalier
characteri:,>tics. In contra~t Ill()~t u!
exprc~~illgedb do not :-.how a
decrca~e in nuore~<,·ence. Anti.integrin
antibodic:-. :trc the ~arne aZ\ in Fig. 2
(1"- ,"'- as) or CD29·FITC (Pd.
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rounds or division (reviewed by Potten. 1981: Hall and Wall.
1989). Cells with ch,lraclcrislics of stem cells can be isolated
on the basis of high surface expression of PI inlcgrins and
rapid adhesion 10 fibroncclin. type IV collagen or kcr
alinocytc extracellular matrix proteins (.lolles and Wall.
1993: Fig. 4). There is a log linear relationship betwecn PI
receptor density. as measured by Ilow cytolllctry. and the
ability of" kcralinoc)'lc!'> 10 form colollic~ of 32 or morc cells
by 14 days in culturt.:. Basal cells with Ihe highest level of PI
inlcgrins have about 4 times the colony forming efficiency
of cells with the lowc~t level. There i~ specifkity in the rela
tionship bel ween kcratinocytc adhcsivcncs~and proliferativc
capacity. since~, expression and ralc of .tdhe~ion to l<IIllinin
do not cOlTdale with proliferative abilily.

Cclls with characteristic~ of tmnsit amplifying cdls
adhcrc morc slowly 10 thc matrix protcin~ and express lower
levels of PI illlcgrins. The~c ccll~ divide 1-5 limcs and thcn
initiate involuc.::rin exprc~sion. Ont: implication of Ihese
rcsults is that if ;'1 rctluclion in the numbcr of 13 1 integrills
with bound ligand is a stimulus ror tcrminal difrerentiation
(Adams and Wall. 1989: \Vall ct .11.,1993) transit cells will

be more sensitivc to that stimulus than stcm cdls bccause
they have fewer surrace 13 1 intcgrins (sec Fig. 4).

In it range or stratilicd epithclia thcrc is indirl:ct l:vidcllce
that slem cells occupy a spccilic local ion within the basal
layer (sec. for example. Cotsarclis CI al .. 19X1J. IlJlJO). II is
difficult to determinc the location of the high intl:grin
exprcssing putative stcm cell population within the basal
epiderl11allayer because in histologic.1I sections the staining
of lateral 1ll~illbr:llh.:S rellecb integrin levels Oil :ldjaccllt
cells. Neverthelcss. non-uniform staining or the Cl! subunit
has becn rcporled in developing epidcrmis (Hertlc et al..
1991: Fig. I) and we are currcntly invcstig;'i1ing whether
there is varialion in illlegrin levels in the b<t:-.al 1:lyer of
mature epidermis.

CONCLUSIONS AND PROSPECTS. INTEGRINS
ARE NOT THE ONLY RECEPTORS...

In this rcview we have presentt;d evidence Ihal integrins
have sevcral important rUllctions within the epidermis. It
would be wrong. howevcr. to give the ililpression lhat all
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Fig. -l. l\lodd of the n..:latilllhhip hCIWCCIl
J..t.:r.llim)C) l~ :ldhl.:... j, clle... '. pnllil"\:rati,..:
colpacil) and lCflninal diflCfClIlialitlll
pOlclltial. The propo...cd 'cqm:m;c of cH.:nb
\\ ilhin the ha...allaycr of the cpi(knni~ by
which a ..tclIll:dl gcncr:llc, a ...upraha..al.
Icnnin:lIl) differelltiating cdl i .. :-.110"'11.
Rcprodut.:t.:d from JOlle... :tllli Wall (1993)
with pCfllli ..... itlll. CIlpyright Cell PI""::-':-'.

---
TRANSIT ------. COMMITIED UPWARD
AMPLIFYING luncllOnal MIGRATION
lower level 01 t down Icgul<ll,on loss 01 1/11C'9""S
111 Intcgnns 01111 IfllcgftOS

RedUcllon tn number
ot 111 ,ntcgrlns wllh bound
ligand IS a stimulus 101

lClmlnal dlfh::::rcntlallOn
Transrl cells more senSItive?

-
STEM CEll ---.
tughest level

'" I" ,",,,,,,,", t
BA$AllAYER
all cells eltpreS5
Intcgflns

SUPAABASAL
LAYERS
cells undergoing
termInal dl"CiCnllallOn ~

In!cgllns not expressed >-------<~>------<~>------_< >..,..,~~~~~e:

r
BASEMENT MEMBRANE

a~peCb Or ker<llinocyte bdl41viUlll" Gill bc explained iJ1lerlll~

(If i I1legrins. There is no doubt (hal prol ikrat ion and tcrmi nill
dilTercnlialioll :lrc proroundly allcclcd by a varicly or
soluhk agcllis. including growlh faclors and retilloid:-.
(rcviewcd hy Fuchs. ]l.)t)O: McK;IY and Lcigh. Il.)i) I). III
additiDn. the c:.:c11s eXpl\~SS (llber ral1liliL:~ 01" adhL:sive
reccplor. illl.:luding Ihe cadherins. which ilrc undoubtcdly
illl]1ort:tllt in regulaling the adhesive pmperlies or ker~

iltinocYle:-. (Whec1ot..:k ;l111I.lcl1sen. J1)1)2: Ilodivaia ilnd WaU.
unpublished data). aile priority for fu(ure re~L:ilrch is 10
ulH.krstand the interplay between dilkrellt rcgul~tlory

raclor~: extracellular matrix adhcsivencs~ lIlay dClCnnine
keralilltlcyle rcsp(lll~ivcncss HI gnlwlh ractor~: gJ'tlWlh

rilctor~ IIlay regulate illtcgrin cxpre~:-.ioll (J\dam:-. and Wall.
1l)t)3): and Ihe rate or ~tcm cell progeny 1l1i1y be 10 :-.ome
extenl pn.:delcrlllined :ll1d to somc eXlenl regulated by the
cellular environmenl (I-till and Wall. ]tJXlJ).
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