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ABSTRACT The pol ypept i de composi t i on of epi der mal ker at i n var i es i n di sease . To bet t er
under st and t he bi ol ogi cal meani ng of t hese var i at i ons, we have anal yzed ker at i ns f r om a
number of human epi der mal di seases by t he i mmunobl ot t echni que usi ng AE1 and AE3
monocl onal ant i ker at i n ant i bodi es . The r esul t s r eveal a cont i nuous spect r um of ker at i n
expr essi on r angi ng f r om one cl osel y r esembl i ng t he nor mal i n vi vo pat t er n t o one al most
i dent i cal t o cul t ur ed epi der mal ker at i nocyt es . Speci f i cal l y, a 50- ki l odal t on ( kd) ( AEl - posi t i ve)
and a 58- kd ( AE3- posi t i ve) ker at i n ar e pr esent i n al l di seases, suppor t i ng t he concept t hat t hey
r epr esent " per manent " mar ker s f or ker at i nocyt es . A 56 . 5- kd ( AE1) and a 65- 67- kd ( AE3)
ker at i n, pr evi ousl y shown t o be mar ker s f or ker at i ni zat i on, ar e expr essed onl y by l esi ons
r et ai ni ng a ker at i ni zed mor phol ogy . A 48- kd ( AE1) and a 56- kd ( AE3) ker at i n ar e pr esent i n al l
hyper pr ol i f er at i ve ( par a- or nonker at i ni zed) di sor der s, but not i n nor mal abdomi nal epi der mi s
or i n i cht hyosi s vul gar i s whi ch i s a non hype r pr ol i f er at i ve di sease . These t wo ker at i ns have
pr evi ousl y been f ound i n var i ous nonepi der mal ker at i nocyt es under goi ng hyper pr ol i f er at i on,
suggest i ng t hat t hese ker at i ns ar e not epi der mi s- speci f i c and may r epr esent mar ker s f or
hyper pr ol i f er at i ve ker at i nocyt es i n gener al . I n var i ous epi der mal di seases, t her e i s a r eci pr ocal
expr essi on of t he ( ker at i n) mar ker s f or hyper pr ol i f er at i on and ker at i ni zat i on, suppor t i ng t he
mut ual excl usi veness of t he t wo cel l ul ar event s . Mor eover , our r esul t s i ndi cat e t hat , as f ar as
ker at i n expr essi on i s concer ned, cul t ur ed human epi der mal cel l s r esembl e and t hus may be
r egar ded as a model f or epi der mal hyper pl asi a . Fi nal l y, t he appar ent l ack of any maj or , di sease-
speci f i c ker at i n changes i n t he epi der mal di sor der s st udi ed so f ar i mpl i es t hat ker at i n abnor -
mal i t i es pr obabl y r epr esent t he consequence, r at her t han t he cause, of t hese di seases .

The ker at i ns ar e a gr oup of wat er - i nsol ubl e pr ot ei ns ( 40- 70
Kdal t ons [ kd] ) ' t hat f or m 10- nmdesmosome- associ at ed t on-
of i l ament s i n al l epi t hel i a ( 15, 17, 18, 61, 63, 64) . Four maj or
ker at i ns ( 50, 56 . 5, 58, and 65- 67 kd) have been i dent i f i ed i n
nor mal human epi der mi s ( 7, 21, 40, 72 ; cf . 4, 49, 62) ; si gni f i -
cant al t er at i ons i n epi der mal ker at i n composi t i on can occur ,
however , as a r esul t of di sease ( 1, 3, 5, 25, 26, 28, 33, 34, 36,
37, 40, 50, 52, 54, 66, 71) as wel l as changes i n cel l ul ar gr owt h
envi r onment ( 10, 20, 29, 55, 61, 62) .

Numer ous at t empt s have been made t o char act er i ze such

' Abbr evi at i ons used i n t hi s paper :

	

BCC, basal cel l car ci noma; I EF,
i soel ect r i c f ocusi ng ; kd, ki l odal t ons .
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ker at i n var i at i ons i n epi der mal di seases . Recent st udi es have
demonst r at ed t hat some, but not al l , psor i at i c epi der mal
speci mens possess a r educed l evel of 65- 67- kd ker at i ns ( 1, 5,
8, 37, 50, 54, 66) . I n addi t i on, Thal er et al . ( 65, 66) r epor t ed
t hat t wo wat er - i nsol ubl e pr ot ei ns of - 54 and 57 kd ar e uni que
t o psor i at i c scal e, al t hough Baden et al . ( 5) f ound no " pso-
r i asi s- speci f i c" ker at i n changes . Hunt er and Sker r ow ( 26)
r epor t ed t hat cer t ai n abnor mal ker at i n pol ypept i des r angi ng
f r om55- 63 kd ( pr obabl y cor r espondi ng t o 50- 58 kd i n our
gel syst em) ar e pr esent i n t he scal es of psor i asi s, at opi c der -
mat i t i s, and sebor r hei c der mat i t i s, as wel l as i n t he st r at um
comeumof t ape- st r i pped epi der mi s . I nt er est i ngl y, Kubi l us et
al . ( 28) f ound t hat ker at i ns of anot her di sease, basal cel l
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car ci noma ( BCC) , ar e si mi l ar t o t hose synt hesi zed by cul t ur ed
nor mal human ker at i nocyt es . Mol l et al . ( 40) f ur t her dem-
onst r at ed t hat BCC expr esses a 46- kd ker at i n t hat i s pr esent
i n cel l s of t he pi l osebaceous uni t but absent i n i nt er f ol l i cul ar
epi der mi s . Fi nal l y, St ei ner t et al . ( 54) anal yzed ker at i ns i so-
l at ed f r om sever al epi der mal di sor der s i ncl udi ng psor i asi s,
l amel l ar i cht hyosi s, and Dar i er ' s di sease . They f ound var i abl e
amount s of smal l mol ecul ar wei ght component s ( <50 kd) i n
al l speci mens, pr esumabl y due t o an el evat ed l evel of pr ot ease
act i vi t y i n di seases . These r esul t s f i r ml y est abl i shed t hat ker -
at i n expr essi on can be af f ect ed by var i ous di sease st at es.
However , si nce r esul t s f r om di f f er ent l abor at or i es have not
al ways been consi st ent wi t h one anot her , t he si gni f i cance of
such f i ndi ngs i s uncl ear , and t he exi st ence of di sease- speci f i c
ker at i ns r emai ns cont r over si al .

We have pr evi ousl y descr i bed t he pr epar at i on and char ac-
t er i zat i on of sever al mouse monocl onal ant i ker at i n ant i bodi es
( 72) . Two of t hese ant i bodi es, desi gnat ed AEI and AE3,
r ecogni ze t wo mut ual l y excl usi ve subf ami l i es of ker at i ns .
Ker at i ns of t he AEl ( or A) subf ami l y ar e r el at i vel y aci di c,
wher eas t hose of t he AE3 ( or B) subf ami l y ar e r el at i vel y basi c
( 12) . I n combi nat i on, t he t wo ant i bodi es r ecogni ze most
known ker at i n speci es ( 12, 57, 58, 68, 72) and t her ef or e
pr ovi de an excel l ent t ool f or st udyi ng epi t hel i al ker at i n expr es-
si on .

I n t he pr esence of l et hal l y i r r adi at ed 3T3 f eeder cel l s, hu-
man epi der mal ker at i nocyt es f or m st r at i f i ed col oni es and
under go t er mi nal di f f er ent i at i on ( 47) . However , unl i ke t he
nor mal epi der mi s whi ch i s ker at i ni zed, cul t ur ed cel l s f ai l t o
f or m t he gr anul ar l ayer and enucl eat ed cor ni f i ed l ayer s and
t her ef or e may be descr i bed as " nonker at i ni zed" ( 31, 47) .
Usi ng monocl onal ant i ker at i n ant i bodi es, we have r ecent l y
demonst r at ed t hat a 50- kd ker at i n ( r ecogni zed by AEI ant i -
body) and a 58- kd ker at i n ( AE3) ar e expr essed by epi der mal
cel l s, bot h i n vi vo and i n cul t ur e ( 12 ; al so see 21) . I n addi t i on
t o t hese t wo ker at i ns, i n vi vo epi der mi s expr esses a 56 . 5-
( AEI ) and a 65- 67- kd ker at i n ( AE3) , whi ch ar e made onl y
dur i ng advanced st ages of epi der mal di f f er ent i at i on ( 59, 72 ;
cf . 21, 51) and t hus may be r egar ded as mol ecul ar mar ker s
f or ker at i ni zat i on ( 59, 68, 72) . I nst ead of synt hesi zi ng t hese
" ker at i ni zat i on mar ker s, " cul t ur ed epi der mal cel l s ar e char -
act er i zed by a 48- ( AEI ) , a 56- kd ( AE3) , and sever al ot her
ker at i ns not det ect abl e i n nor mal epi der mi s ( 12, 21, 62) . The
si gni f i cance of t hese " cul t ur e- t ype" ker at i ns r emai ns uncl ear .

We demonst r at e i n t hi s paper t hat t he 48- and 56- kd
" cul t ur e- t ype" ker at i ns ar e pr esent not onl y i n var i ous cul -
t ur ed ker at i nocyt es ( 12, 62, 73) , but al so i n al l hyper pr ol i f er -
at i ve epi der mal di seases exami ned so f ar . Such r esul t s suggest
t hat t hese t wo ker at i ns may be r egar ded as mar ker s f or
hyper pr ol i f er at i ve ker at i nocyt es .

MATERI ALS AND METHODS

Monocl onal Ant i bodi es :

	

The pr epar at i on and char ct er i zat i on of

AE 1, AE2, and AE3 monocl onal ant i ker af i n ant i bodi es have been descr i bed i n

det ai l pr evi ousl y ( 68, 72) .

Pat i ent Sel ect i on :

	

Speci mens of epi der mal di seases wer e obt ai ned by

4- mm punch bi opsy, exci si onal bi opsy, shave bi opsy, or cur et t age i n t he out -

pat i ent der mat ol ogy cl i ni c at t he Johns Hopki ns Hospi t al . The t ot al number

of epi der mal di sease sampl es st udi ed wer e as f ol l ows: psor i asi s ( 10 cases) ,

i cht hyosi s vul gar i s ( 1) , cont act der mat i t i s ( 2) , at opi c der mat i t i s ( 2) , der mat o-

myosi t i s ( 2) , ker at oacant homa ( 2) , act i ni c ker at osi s ( 2) , ver r uca vul gar i s ( war t )

( 2) , ver r ucous car ci noma ( 1) , Bowen' s di sease ( 1) , squamous cel l car ci noma

( 3) , and basal cel l car ci noma ( 4) . A por t i on of t he sampl es was f i xed i n

f or mal dehyde f or r out i ne hi st ol ogy ( hemat oxyl i n and eosi n st ai ni ng) ; t he r e-
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mai ni ng t i ssue was f l ash- f r ozen i n l i qui d ni t r ogen and st or ed at - 70' Cpr i or t o
pr ot ei n ext r act i on. Ker at i ns i sol at ed f r om nor mal human abdomi nal , br east ,

and back ski n as wel l as neonat al f or eski n ( ext er i or , nonmucosal por t i on) wer e

used as cont r ol s, wi t h si mi l ar r esul t s.

Ker at i n Ext r act i on :

	

I nst ead of usi ng comi f i ed cel l s ( al so cal l ed scal es
or st r at um cor neum) whose ker at i ns ar e par t i al l y degr aded ( 7, 21, 53, 72) , we

i sol at ed ker at i ns f r om i nt act epi der mi s pr edomi nant l y r epr esent ed by l i vi ng

l ayer s . The epi der mal por t i ons of var i ous di seases, nor mal ski n, or cul t ur ed

human ker at i nocyt es wer e mi nced andhomogeni zed at 4° Ci n - - 50- 100 vol ume
( vol / wt ) of 25 mM Tr i s HCl ( pH 7. 4) cont ai ni ng t he f ol l owi ng pr ot ease

i nhi bi t or s : I mMphenyl met hyl sul f onyl f l uor i de ( PMSF) , ant i pai n ( 10 kg/ ml ,
Si gma Chemi cal Co. , St . Loui s, MO) , pepst at i n ( 5 Ag/ ml , Si gma Chemi cal Co. ) ,
1 mM EDTA, and I mM EGTA. Af t er cent r i f ugat i on ( 10, 000 f or 10 mi n at

4° C) , t he ker at i n- cont ai ni ng pel l et was r ecover ed and heat ed at 95° C f or 5 mi n

i n a sol ut i on cont ai ni ng 25 mMTr i s HCI ( pH 7. 4) , 5%2- mer capt oet hanol ,
and 1- 5%SDS. For t wo- di mensi onal gel el ect r ophor esi s, a por t i on of t hewat er -

i nsol ubl e pel l et was ext r act ed at r oom t emper at ur e f or 15 mi n wi t h a buf f er
cont ai ni ng 9. 5 Mur ea, 50 mMdi t hi ot hr ei t ol , and 25 mMTr i s HCl buf f er ( pH

7. 4) ( 72) .

Gel El ect r ophor esi s and l mmunobl ot Anal ysi s :

	

One- di men-

si onal ( Laemml i - t ype) SDS- pol yacr yl ami de gel el ect r ophor esi s ( SDS PAGE;

12 . 5% acr yl ami de) was per f or med as pr evi ousl y descr i bed ( 62) . Equi l i bi r um
and nonequi l i br i um t wo- di mensi onal gel el ect r ophor esi s wer e done accor di ng

t o O' Far r el l et al . ( 44, 45) . One- and t wo- di mensi onal i mmunobl ot anal yses
usi ng t he per oxi dase- ant i per oxi dase t echni que wer e done as descr i bed ear l i er

( 12, 67, 72) .

Cel l Cul t ur e :

	

Secondar y cul t ur es of newbor n human f or eski n- der i ved

epi der mal cel l s wer e gr own i n t he pr esence of l et hal l y i r r adi at ed ( 4, 000 Rads)

3T3 f eeder cel l s ( 47) . Ker at i ns wer e ext r act ed f r om bot h spar se ( exponent i al l y

gr owi ng) and conf l uent cul t ur es, wi t h si mi l ar r esul t s .

RESULTS

A 48- and a 56- kd Ker at i n Wer e Pr esent i n a

Wi de Var i et y of Epi der mal Di seases

To det er mi ne t he possi bl e cor r r el at i on bet ween t he expr es-
si on of speci f i c ker at i ns and cer t ai n abnor mal f eat ur es of
epi der mal di f f er ent i at i on, we have anal yzed ker at i ns i sol at ed
f r om var i ous human epi der mal di seases . I cht hyosi s vul gar i s,
whi ch i s char act er i zed by a decr eased gr anul ar l ayer , was used
as an exampl e of a nonhyper pr ol i f er at i ve epi der mal di sor der .
Beni gn hyper pr ol i f er at i ve di seases st udi ed i ncl ude psor i asi s ( a
common di sease of unknown et i ol ogy) , ver r uca vul gar i s ( hu-
man papi l l oma vi r us- i nduced hyper pr ol i f er at i on ; al so known
as common war t ) , act i ni c ker at osi s ( sol ar damage- i nduced
hyper pr ol i f er at i on) , and ker at oacant homa ( a r api dl y gr owi ng,
beni gn t umor whi ch r esembl es squamous cel l car ci noma) .
The mal i gnant hyper pr ol i f er at i ve di seases st udi ed i ncl ude
basal cel l car ci noma, squamous cel l car ci noma, and ver r ucous
car ci noma ( a ver r uca- l i ke squamous cel l car ci noma) . Ot her
epi der mal di sor der s st udi ed i ncl ude a var i et y of der mat i t i s i n
whi ch t he epi der mi s i s bel i eved t o be i n a hyper pr ol i f er at i ve
st at e when r egener at i ng ; t hese i ncl uded at opi c der mat i t i s,
cont act der mat i t i s, and der mat omyosi t i s . Ker at i ns of t hese
epi der mal di sor der s wer e compar ed wi t h t hose i sol at ed f r om
nor mal epi der mi s and cul t ur ed newbor n f or eski n epi der mal
cel l s .

Wat er - i nsol ubl e cyt oskel et al pr ot ei ns wer e ext r act ed f r om
var i ous epi der mal speci mens i n t he pr esence of a mi xt ur e of
pr ot ease i nhi bi t or s ( see Mat er i al s and Met hods) and anal yzed
by SDS PAGE. Pr ot ei n st ai ni ng r eveal ed sever al i nt er est i ng
poi nt s ( Fi g . 1 a) . Fi r st , t he 50- and 58- kd ker at i ns, whi ch ar e
expr essed by bot h nor mal epi der mi s and cul t ur ed ker at i no-
cyt es ( 12, 21) , wer e pr esent i n al l epi der mal di seases . Second,
t he 65- 67 kd ker at i n, a mar ker f or phenot ypi c ker at i ni zat i on
( 58, 59, 68, 72 ; cf . 10, 22, 39) , was di mi ni shed i n many
di seases, per haps r ef l ect i ng a decr eased degr ee of mor phol og-
i cal ker at i ni zat i on. A compl et e l oss of t hi s ker at i n was r ou-



FI GURE 1

	

I mmunobl ot anal ysi s of ker at i ns i sol at ed f r om var i ous epi der mal di seases . ( a) Fast gr een ( FG) st ai ni ng : l ane 1, ker at i ns

of nor mal abdomi nal ski n ; l ane 2, i cht hyosi s vul gar i s ; l ane 3, at opi c der mat i t i s ( bar and ar r owhead desi gnat e t he 48- and 46- kd

ker at i ns, r espect i vel y, whi ch ar e onl y par t i al l y r esol ved by 1- D gel s) ; l anes 4 and 5, t wo di f f er ent cases of psor i asi s showi ng

di f f er ent amount s of 65- 67 kd ker at i ns ; l ane 6, ker at oacant homa ; l ane 7, act i ni c ker at osi s ; l ane 8, war t ; l ane 9, ver r ucous

car ci noma ; l anes 10 and 11, t wo di f f er ent cases of squamous cel l car ci noma showi ng sl i ght l y di f f er ent ker at i n pat t er ns ; l ane 12,

basal cel l car ci noma ; l ane 13, cul t ur ed nor mal human epi der mal ker at i nocyt es . Not e t he st r i ki ng si mi l ar i t y bet ween t he over al l

ker at i n pat t er n of some di seases and t hat of cul t ur ed epi der mal cel l s . The shar pness of ker at i n bands suggest s t hat t he gr eat

maj or i t y of t he ker at i ns must have or i gi nat ed f r om epi der mal l i vi ng l ayer s ( 72) ( b) I mmunobl ot st ai ni ng of t he same sampl es usi ng

AEI monocl onal ant i body whi ch sel ect i vel y r eact s wi t h ker at i ns of subf ami l y A ( see r ef er ence 12) . Not e t he det ect i on of a 48- kd

ker at i n ( bar ) i n al l hyper pr ol i f er at i ve di seases . Al so not e t he decr eased amount s of 56 . 5- kd ker at i n i n many hyper pr ol i f er at i ve

di seases, t he ubi qui t ous pr esence of 50- kd ker at i n i n al l speci mens, and t he absence of 40- kd ker at i n i n di seases . The smal l

mol ecul ar wei ght ( <48 kd) AEI - r eact i ve component s i n l anes 4, 6, 7, and 9 may r epr esent degr adat i ve pr oduct s . ( c) I mmunobl ot

st ai ni ng of t he same sampl es usi ng AE3 monocl onal ant i body whi ch sel ect i vel y r ecogni zes ker at i ns of subf ami l y B ( 12) . Not e t he
det ect i on of a 56- kd ker at i n i n al l hyper pr ol i f er at i ve di seases . Al so not e t he pr esence of a 58- kd ker at i n i n al l sampl es, and t he

decr eases i n t he 65- 67- kd ker at i ns i n many di seases ( cf . gel b) . The smal l mol ecul ar wei ght , AE3- r eact i ve speci es ( <56 kd) i n

l anes 4, 6, 7, and 9 ar e pr esumabl y pr ot eol yt i c degr adat i ve pr oduct s ( cf . Fi g . 1 b) . Val ues r epr esent ker at i n mol ecul ar wei ght
x 10 - 3 .

t i nel y obser ved i n " undi f f er ent i at ed" basal cel l car ci nomas
( Fi g. 1, l ane 12; [ 28, 39, 40] ) , consi st ent wi t h t hei r nonker a-
t i ni zed mor phol ogy . Thi r d, a 46/ 48- kd doubl et and a 56- kd
band, si mi l ar t o t hose of cul t ur ed ker at i nocyt es, wer e det ect ed
i n most di seases except i n nonhyper pr ol i f er at i ve i cht hyosi s
vul gar i s. Fi nal l y, t her e appear ed t o be a spect r um of ker at i n
expr essi on r angi ng f r om an al most nor mal i n vi vo pat t er n
( i cht hyosi s vul gar i s) t o t hat of cul t ur ed epi der mal ker at i no-
cyt es ( e . g . , basal cel l car ci nomas, squamous cel l car ci nomas,

and some speci mens of beni gn di seases ; Fi g. 1 a, l anes 7- 12 ;
al so see bel ow) . The ker at i n pat t er ns of many speci mens wer e
i nt er medi at e bet ween t hese t wo ext r emes and r epr esent ed a
combi nat i on, wi t h var i ous pr opor t i ons, of t he i n vi vo and i n
vi t r o ker at i n component s .

To f ur t her char act er i ze t hese ker at i ns, we anal yzed t hem
by t he i mmunobl ot t echni que usi ng AE 1 and AE3 mono-
cl onal ant i ker at i n ant i bodi es ( 72) . Consi st ent wi t h our ear l i er
r esul t s ( 12, 72) , AE1 r ecogni zed i n nor mal epi der mi s a 56 . 5-
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kd ker at i n ( a ker at i ni zat i on mar ker ) and a 50- kd ker at i n ( a
mar ker f or st r at i f i ed epi t hel i a ; Fi g . 1 b, l ane 1) ; and i n cul t ur ed
cel l s a 50- , a 48- , and a 40- kd ker at i n ( Fi g. 1 b, l ane 13) .
I mmunobl ot anal ysi s of abnor mal epi der mal t i ssues ( Fi g . 16)
showed t hat t he 50- kd ker at i n was ubi qui t ous and t hat t he
56 . 5- kd ker at i n was di mi ni shed i n many di seases . Al so, as
shown ear l i er ( 12) , AEI r eact ed st r ongl y wi t h t he 48- kd but
not t he 46- kd component of t he 46/ 48- kd doubl et of cul t ur ed
ker at i nocyt es. Thi s AEI - r eact i ve 48- kd ker at i n was cl ear l y
demonst r at ed i n al l di seases t hat ar e hyper pr ol i f er at i ve, but
not i n nor mal abdomi nal epi der mi s or nonhyper pr ol i f er at i ve
i cht hyosi s vul gar i s ( Fi g. 16) . A f ew l ow mol ecul ar wei ght
AEI - r eact i ve speci es wer e occasi onal l y det ect ed whi ch pr ob-
abl y r epr esent ed pr ot eol yt i c f r agment s of ker at i ns ( 54) , despi t e
t he i ncl usi on of sever al pr ot ease i nhi bi t or s i n our ext r act i on
buf f er s . Fi nal l y, no wel l - def i ned 40- kd ker at i n was det ect ed
i n any of t he epi der mal di seases, neopl asms i ncl uded ( Fi g .
16) .

The r esul t s obt ai ned by AE3 st ai ni ng ( Fi g . 1 c) wer e st r i k-
i ngl y par al l el t o t hose of AEI st ai ni ng . I n nor mal human
epi der mi s, AE3 r ecogni zed t he 65- 67- kd ker at i n ( a ker at i ni -
zat i on mar ker ) t hat , l i ke t he AEI - r eact i ve 56 . 5- kd ker at i n,
was pr esent i n di mi ni shed amount s i n many di seases. The 58-
kd ker at i n ( a mar ker f or st r at i f i ed epi t hel i a) , l i ke t he AE1-
r eact i ve 50- kd ker at i n, was common t o nor mal epi der mi s,
cul t ur ed cel l s, and al l di seases . I n addi t i on, AE3 ant i body
st ai ni ng demonst r at ed t hat t he 56- kd ker at i n, l i ke t he AEI -
r eact i ve 48- kd ker at i n, was pr esent i n al most al l hyper pr ol i f -
er at i ve di seases as wel l as cul t ur ed ker at i nocyt es, but not i n
nor mal abdomi nal epi der mi s or i cht hyosi s vul gar i s ( Fi g . 1 c) .

Expr essi on of Bot h " I n Vi vo" and " Cul t ur e" Types

of Epi der mal Ker at i ns i n Di seases

To bet t er char act er i ze t he ker at i ns of var i ous di seases,
we anal yzed t hem by t wo- di mensi onal pol yacr yl ami de gel
el ect r ophor esi s i n whi ch t he pr ot ei ns wer e f i r st r esol ved by
i soel ect r i c f ocusi ng ( I EF) or nonequi l i br i um pH gr adi ent
( NEpHG) el ect r ophor esi s f ol l owed by SDS gel el ect r ophor esi s .
Af t er bei ng t r ansf er r ed t o ni t r ocel l ul ose paper , t he pr ot ei ns
wer e vi sual i zed by Fast gr een st ai ni ng . Fi g . 2, a- c show t he
I EF- SDS gel pat t er ns of t he ker at i ns of nor mal epi der mi s ( Fi g .
2 a) , cul t ur ed ker at i nocyt es ( Fi g. 2 b) , and psor i asi s ( Fi g. 2 c) ;
Fi g . 2, a' - c' show t he i mmunobl ot r esul t s of t he cor r espond-
i ng gel s wi t h AE 1 ant i body . As shown ear l i er , ker at i ns of t he
AE 1 ( or A) subf ami l y ar e r el at i vel y aci di c ( 12) and ar e wel l
r esol ved i n t hi s gel syst em ( 62, 72) . The r esul t s i ndi cat ed t he
f ol l owi ng : f i r st , a 50- kd ker at i n and a mor e aci di c " 50' - kd"
var i ant wer e pr esent i n al l speci mens ; second, t he 56 . 5- kd
ker at i n ( and i t s 55- 56 kd, AEI - posi t i ve, degr adat i ve pr oduct ,
[ 72] ) was pr esent i n nor mal epi der mi s and psor i asi s, but not
i n cul t ur ed ker at i nocyt es ; and, t hi r d, t he 48- kd ker at i n was
pr esent i n psor i asi s and cul t ur ed ker at i nocyt es, but not i n
nor mal abdomi nal epi der mi s . These r esul t s i ndi cat ed t hat ,
wi t hi n t he AEI ker at i n subf ami l y, psor i at i c epi der mi s coul d
expr ess bot h i n vi vo and cul t ur e ker at i n t ypes ( except f or t he
40- kd ker at i n, see bel ow) .

Two- di mensi onal gel el ect r ophor esi s i n whi ch t he f i r st di -
mensi onal separ at i on was done under nonequi l i br i um con-
di t i ons al l owed t he si mul t aneous r esol ut i on of bot h aci di c
and basi c epi der mal ker at i ns ( i nst ead of onl y t he mor e aci di c
AEI - r eact i ve ker at i ns by I EF; [ 16, 40, 74] ) . The r esul t s wer e
ent i r el y consi st ent wi t h t hose obt ai ned by one- di mensi onal
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SDS gel s and t wo- di mensi onal I EF- SDS gel s and pr ovi ded
f ur t her evi dence t hat an aci di c, AEI - r eact i ve 48- kd ker at i n
( Fi g. 3 and dat a not shown) and a basi c, AE3- r eact i ve 56- kd
ker at i n ( Fi g. 3 and dat a not shown) , t hat wer e absent i n
nor mal abdomi nal epi der mi s ( Fi g . 3 a) and i cht hyosi s vul gar i s
( Fi g. 3 c) , wer e common t o cul t ur ed ker at i nocyt es ( Fi g . 3 b)
and a wi de var i et y of hyper pr ol i f er at i ve di seases i ncl udi ng
psor i asi s ( Fi g . 3 d) , war t ( Fi g . 3 e) , and basal cel l car ci noma
( Fi g. 3j ) .

A Spect r um of Ker at i n Expr essi on i n a Si ngl e

Di sease ( Psor i asi s) : Mor phol ogi cal Cor r el at i ons

I n t he exper i ment s descr i bed above, each di sease was
t r eat ed as a separ at e ent i t y . Pr evi ous r esul t s have i ndi cat ed,
however , t hat var i at i ons i n ker at i n expr essi on may exi st even
wi t hi n a gi ven di sor der ( 3- 5, 8, 34, 50, 54, 66) . To det er mi ne
t he possi bl e r el at i onshi p bet ween t he expr essi on of t he 48-
and 56- kd ker at i ns and speci f i c mor phol ogi cal f eat ur es wi t hi n
a di sease, we st udi ed ker at i n expr essi on i n 10 cases of pso-
r i asi s . Anal ysi s of t hei r ker at i ns by SDS PAGE ( Fi g . 4a) and
i mmunobl ot t echni que ( Fi g . 1 and dat a not shown) r eveal ed
a spect r um of ker at i n expr essi on . The ker at i n pat t er ns var i ed
f r omone cl osel y r esembl i ng t he nor mal i n vi vo pat t er n ( Fi g .
4a, l anes 2 and 3) t o one al most i ndi st i ngui shabl e f r om
cul t ur ed ker at i nocyt es ( Fi g . 4a, l ane 4) . Hi st ol ogi cal exami -
nat i on ( Fi g . 46) showed t hat t he di sappear ance of t he 56 . 5
and 65- 67- kd ker at i ns and t he appear ance of t he " cul t ur e
t ype" ker at i ns cor r el at ed wel l wi t h t he degr ee of par aker at i n-
i zat i on ( as def i ned by t he l ack of a gr anul ar l ayer and t he
f or mat i on of an abnor mal , nucl eat ed st r at um cor neum[ 32] ) .
These f i ndi ngs conf i r med and ext ended ear l i er r esul t s by
Baden ( 5) , Sker r ow ( 25, 50) , Thal er ( 66) , and Bowden ( 8) and
t hei r co- wor ker s, and pr ovi ded addi t i onal evi dence t hat t he
56 . 5- and t he 65- 67- kd ker at i ns may ser ve as mol ecul ar
mar ker s f or mor phol ogi cal ker at i ni zat i on ( 68, 72) . Our dat a
al so suggest ed a st r ong cor r el at i on bet ween t he expr essi on of
56- and 48- kd ker at i ns and t he degr ee of abnor mal epi der mal
gr owt h and/ or di f f er ent i at i on .

Thi s cont i nuous spect r um of ker at i n expr essi on as obser ved
i n psor i asi s ( Fi g. 4) and ot her epi der mal di seases ( Fi g. 1) i s
schemat i cal l y summar i zed i n Fi g . 5 .

DI SCUSSI ON

A 48- and a 56- kd Ker at i n as Mol ecul ar Mar ker s

f or Hyper pr ol i f er at i ve Ker at i nocyt es

I n t he pr esent st udy, we have i dent i f i ed a 48- and a 56- kd
ker at i n i n many epi der mal di sor der s . Al t hough el evat ed pr o-
t ease act i vi t i es have been suggest ed f or cer t ai n di seases ( 14,
54) , i t seems hi ghl y unl i kel y t hat t hese t wo pol ypept i des
r epr esent degr adat i ve pr oduct s of some hi gher mol ecul ar
wei ght ker at i n component s, f or t he f ol l owi ng r easons . Fi r st ,
cul t ur ed epi der mal cel l s expr essed ker at i ns t hat wer e i dent i cal
t o t he 48- and 56- kd component s of t he di seases accor di ng t o
one- and t wo- di mensi onal gel el ect r ophor et i c mobi l i t i es, as
wel l as r eact i vi t i es wi t h monocl onal ant i ker at i n ant i bodi es
( Fi gs . 1- 3) . Cel l - f r ee t r ansl at i on exper i ment s showed t hat , at
l east i n cul t ur ed cel l s, t hese ker at i ns r epr esent pr i mar y t r ans-
l at i onal pr oduct s encoded by separ at e mRNA' s ( 19, 21) .
Second, monocl onal ant i body r eact i vi t y dat a pr ecl ude cer t ai n
pr ecur sor - pr oduct r el at i onshi ps . For exampl e, t he 65- 67- , 58-
or 56- kd ker at i ns ar e unl i kel y t o gi ve r i se t o t he 48- kd ker at i n,



FI GURE 2

	

Anal ysi s of t he aci di c human epi der mal ker at i ns by t wo- di mensi onal gel el ect r ophor esi s ( equi l i br i um; I EF- SI DS) . a and

a' , nor mal abdomi nal epi der mi s ; b and b' , cul t ur ed human epi der mal cel l s ; c and c' , psor i asi s . a- c wer e st ai ned by Coomassi e

Bl ue, wher eas a' - c' wer e st ai ned wi t h AEI monocl onal ant i ker at i n ant i body by t he per oxi dase- ant i per oxi dase t echni que . Ker at i ns

ar e i dent i f i ed by t hei r mol ecul ar wei ght s ( see t ext f or t he nomencl at ur e of Mol l et al . [ 39) ) . Ar r ows i n a and a' denot e t he absence

of 48- kd ker at i n i n nor mal epi der mi s . The br acket s i ndi cat e t he ker at i n compl exes not r esol ved dur i ng i soel ect r i c f ocusi ng but

di ssoci at ed dur i ng SI DS gel el ect r ophor esi s ( 40, 74) . Not e t hat t he psor i at i c sampl e cont ai ns bot h " i n vi vo" and " cul t ur e t ype"

ker at i ns ( al so see Fi g . 3) . The 40- kd ker at i n, however , appear s t o be char act er i st i c of cul t ur ed cel l s . I n Fi g. 2c' , t he mi nor AE1-

r eact i ve spot bel ow t he 48- kd ker at i n was seen onl y i n a f ew pr epar at i ons and may r epr esent a degr adat i ve pr oduct of t he 48- kd

ker at i n . A compar i son of Fi gs . 2 c and c' showed t hat AE1 r eact ed wi t h t he 48, 50, and 56 . 5- kd ker at i ns wi t h a decr easi ng or der

of i nt ensi t y . Exper i ment s i n whi ch t he same bl ot was vi sual i zed f i r st wi t h Fast gr een st ai ni ng f ol l owed by AE1 r eact i on showed
t hat t hi s var i at i on i n st ai ni ng i nt ensi t y was not due t o a decr eased t r ansf er of l ar ger pr ot ei ns t o t he paper ( see, e . g . , Fi g. 1, a and
b) . Rat her , t hi s coul d be due t o ei t her a di f f er ence i n t he number of ant i geni c det er mi nant s per mol ecul e or , per haps mor e l i kel y,

smal l di f f er ences i n ant i geni c si t es ( 12) .
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FI GURE 3

	

Anal ysi s of t ot al human epi der mal ker at i ns by t wo- di mensi onal gel el ect r ophor esi s ( nonequi l i br i um; NEpHG- SDS) .

The basi c pr ot ei ns ar e t o t he l ef t . a, nor mal abdomi nal epi der mi s ; b, cul t ur ed newbor n f or eski n epi der mal cel l s ; c, i cht hyosi s

vul gar i s ; d, psor i asi s ; e, war t ; f , basal cel l car ci noma. Ker at i ns ar e vi sual i zed af t er Coomassi e Bl ue st ai ni ng and ar e i dent i f i ed by
mol ecul ar wei ght s . As i n Fi g . 2, hor i zont al br acket s denot e ker at i ns t hat r emai n associ at ed as a compl ex dur i ng t he f i r st

di mensi onal separ at i on .

si nce t he f or mer ar e AEI - negat i ve wher eas t he l at t er i s AEI -
posi t i ve . Fi nal l y, t he same amount s of t hese ker at i ns wer e
det ect ed bot h i n t he pr esence and absence of var i ous pr ot ease
i nhi bi t or s i ncl udi ng PMSF, pepst at i n, ant i pai n, EDTA, and
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EGTA. Boi l i ng t he epi der mal speci mens di r ect l y i n hi gh
concent r at i ons of SDS pl us r educi ng agent , one of t he most
st r i ngent condi t i ons known t o i nhi bi t pr ot eol yt i c act i vi t i es,
al so di d not af f ect t he l evel of t hese ker at i ns .



FI GURE 4

	

A spect r um of ker at i n expr essi on i n psor i asi s . ( a) SI DS gel el ect r ophor esi s : wat er - i nsol ubl e cyt oskel et al pr ot ei ns wer e
el ect r ophor esed and st ai ned by Coomassi e Bl ue . Lane 1, nor mal abdomi nal epi der mi s ; l ane 2, uni nvol ved ski n adj acent t o a
pl aque l esi on ; l ane 3, a psor i at i c l esi on wi t h a " ker at i ni zed" mor phol ogy ( f or mat i on of gr anul ar and cor ni f i ed l ayer s) . As r epor t ed
ear l i er , near l y one- t hi r d of cl i ni cal l y t ypi cal l esi ons of psor i asi s showed ker at i ni zat i on t o be mor e pr eval ent t han par aker at i ni zat i on
( see page 142 of [ 321 ; al so see bel ow) ; l ane 4, anot her case of psor i asi s showi ng par aker at i ni zat i on ( f or mat i on of a nucl eat ed
st r at um cor neum, whi ch i s f r equent l y associ at ed wi t h a l ack of under l yi ng gr anul ar l ayer ) . Lane 5, cul t ur ed newbor n f or eski n
ker at i nocyt es . St d, mol ecul ar wei ght st andar ds t hat ar e, f r om t op t o bot t om, bovi ne ser um al bumi n ( 68 kd) , cat al ase ( 60 kd) ,
f umar ase ( 49 kd) , oval bumi n ( 45 kd) , al dol ase ( 40 kd) , and t r ypsi nogen ( 24 kd) . a denot es r esi dual act i n . ( b) Hi st ol ogy of t he
cor r espondi ng speci mens . Par t s of t he speci mens anal yzed ( t op) wer e f i xed wi t h f or mal i n and pr ocessed f or r out i ne hi st ol ogy
( hemat oxyl i n and eosi n st ai ni ng) . Not e t he par aker at i ni zed mor phol ogy of psor i at i c speci men no . 4, and t he nonker at i ni zed
mor phol ogy ( a t ot al l ack of st r at um cor neum) of t he cr oss- sect i on of a cul t ur ed epi der mal col ony ( speci men no . 5) .

WEI SS ET AL .

	

Ker at i n Expr essi on i n Epi der mal Di seases

	

140 3



Nor mal

	

, - 3» .

	

Hyper pr ol i f er at i ve

Ker ot i ni zed E!

	

Non - ker at i ni zed

65- 67

58
56 . 5
56

52
50
48
46

40

Á

140 4

	

THE JOURNAL OF CELL BI OLOGYzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" VOLUME 98, 1984

65- 67

58
56. 5
56
52

50
48
46

- 40

FI GURE 5

	

A schemat i c r epr esent at i on of t he spect r um of ker at i n

expr essi on i n epi der mal di seases . The ker at i n pat t er n of nor mal i n

vi vo epi der mi s i s shown t o t he l ef t , t hat of cul t ur ed ker at i nocyt es

t o t he r i ght , and t hose of var i ous di seases st udi ed so f ar i n bet ween .

The bl ack bar s denot e t he aci di c 50 kd ( AE1 ; subf ami l y A) and basi c

58 kd ( AE3 ; subf ami l y B) ker at i ns whi ch ar e al ways expr essed

( const ant member s, [ 12] ) . The st i ppl ed bar s denot e t he aci di c 56 . 5-

kd ( AE1 ; subf ami l y A) and basi c 65- 67- kd ( AE3 ; subf ami l y B) ker at i ns

whi ch r epr esent mar ker s f or phenot ypi c ker at i ni zat i on ( 68, 72) . The

hat ched bar s denot e t he aci di c 48- kd ( AE1 ; subf ami l y A) and basi c

56- kd ( AE3 ; subf ami l y B) ker at i ns whi ch r epr esent mar ker s f or

hyper pr ol i f er at i ve ker at i nocyt es . Al l t he above- ment i oned ker at i ns

ar e ker at i nocyt e- speci f i c . The 40, 46, and 52- kd ker at i ns ar e pr esent
i n cul t ur ed ker at i nocyt es and some epi der mal di seases ; t hese ker -

at i ns ar e al so f ound, however , i n si mpl e epi t hel i a and t her ef or e ar e

not ker at i nocyt e- speci f i c ( open bar s) . ( A) Ker at i ns expr essed by

nor mal t r unk epi der mi s and i cht hyosi s vul gar i s ( Fi g . 1) . ( B) Ker at i ns

expr essed i n var i ous hyper pr ol i f er at i ve epi der mal di sor der s . Whi l e

t he 50- and 58- kd ker at i ns ar e pr esent t hr oughout t he spect r um,

t he expr essi on of t he 65- 67 and 56 . 5- kd ker at i ns ( mar ker s f or

ker at i ni zat i on) and 56, 52, 48, 46, and 40- kd ker at i ns ( " cul t ur e-

t ype" ) was var i abl e and appear ed t o be r el at ed t o t he degr ees of

ker at i ni zat i on vs . hyper pr ol i f er at i on . Many di sease speci mens pos-

sessed bot h " ker at i ni zat i on mar ker s" and " cul t ur e- t ype ker at i ns, "

most l i kel y r ef l ect i ng t he het er ogeneous expr essi on of t hese t wo

t ypes of ker at i ns by i ndi vi dual ker at i nocyt es . Thi s expl ai ns t he

appar ent compl exi t i es i n ker at i n pat t er n f r equent l y seen i n di sor -

der s ( Fi gs . 1- 3 ; cf . [ 41] ) . The ent i r e spect r um of ker at i n expr essi on

as shown i n t hi s di agr am can somet i mes be seen even wi t hi n a

si ngl e di sease, such as psor i asi s ( Fi g . 4 and t ext ) . ( C) The ker at i n

pat t er n of basal cel l car ci noma was ver y si mi l ar t o t hat of cul t ur ed

epi der mal cel l s ( 28) , except f or t he absence of 40- kd ker at i n whi ch

was det ect abl e onl y i n cul t ur ed cel l s ( Fi gs . 1- 3) . ( D) Ker at i nocyt es

cul t ur ed under i n vi t r o condi t i ons i n t he pr esence of 3T3 f eeder

cel l s ( 47) and var i ous gr owt h- st i mul at i ng f act or s, e . g . , epi der mal

gr owt h f act or , vi t ami n A, hydr ocor t i sone, et c . ( Fi gs . 1- 4) . By r e-

movi ng t hese gr owt h f act or s, t he cel l s can be i nduced t o ker at i ni ze

par t i al l y ( 12, 22) . Val ues r epr esent ker at i n mol ecul ar wei ght x 10' .

Thus we have est abl i shed i n many epi der mal di seases t he
exi st ence of a 48- kd ker at i n ( AEl - r eact i ve ; subf ami l y A,
[ 12] ; pI 5 . 1 ; no . 16 of Mol l et al . [ 39] ) and a 56- kd ker at i n
( AE3 ; subf ami l y B; pl 7 . 8 ; no . 6) . I ndependent l y, Osber and
McGui r e ( 46) have al so i dent i f i ed t hese t wo ker at i ns i n pso-
r i at i c epi der mi s . These t wo ker at i ns ar e cl ear l y not di sease-
speci f i c, however , si nce t hey ar e expr essed not onl y i n epi der -
mal di sor der s wi t h di ver se et i ol ogy and pat hogenesi s ( Fi gs . 1-
3) , but al so i n nor mal heel epi der mi s ( 8, 21, 39, 40, 72) , t r unk
epi der mi s i nduced t o hyper pr ol i f er at e by t ape- st r i ppi ng ( R.

A. Wei ss and T. - T. Sun, unpubl i shed r esul t s) , and shor t - t er m
or gan- cul t ur ed human epi der mi s ( 13, 46) . An aci di c, wat er -
i nsol ubl e pr ot ei n ( band 8) si mi l ar t o our 48- kd ker at i n has
al so been f ound i n mouse epi der mi s dur i ng phor bol est er -
i nduced hyper pl asi a ( 48) , al t hough t he si gni f i cance of t hi s
ear l i er f i ndi ng was not di scussed . Si nce epi der mal cel l s i n al l
t hese di seases or condi t i ons ar e known or t hought t o be
hyper pr ol i f er at i ve ( 6, 9, 24, 32, 69) , such r esul t s suggest t hat
t he expr essi on of t he 48- and 56- kd ker at i ns i s r el at ed t o
epi der mal hyper pr ol i f er at i on, whet her physi ol ogi cal ( e . g . , nor -
mal heel epi der mi s) or pat hol ogi cal ( di seases and t ape-
st r i pped epi der mi s) .

Exi st i ng dat a al so i ndi cat e t hat t hese t wo ker at i ns ar e ex-
pr essed i n cul t ur ed human cor neal , conj unct i val , esophageal ,
as wel l as ski n epi t hel i al cel l s ( Fi gs . 1- 4 ; 10, 21, 43, 61, 74) .
I n spar se cul t ur es, t hese cel l s under go exponent i al gr owt h
wi t h a doubl i ng t i me of - 24 h and t hus ar e cl ear l y hyper pr o-
l i f er at i ve ( 60) . Al t hough t he pr eci se t ur nover r at e of t hese
cel l s i n conf l uent cul t ur es has not yet been est abl i shed, r ecent
dat a on cel l ki net i cs ( 11) and cel l sheddi ng ( 23, 30, 38) suggest
t hat t hese cel l s ar e pr obabl y al so hyper pr ol i f er at i ve . Mor eover ,
r ecent dat a by Mol l et al . ( 39, 41) and Nel son et al . ( 42)
showed t hat t he 48- and 56- kd ker at i ns ar e pr esent i n some
nonepi der mal st r at i f i ed epi t hel i a nor mal l y exhi bi t i ng a hi gh
t ur nover r at e, as wel l as i n al most al l squamous cel l car ci no-
mas r egar dl ess of t hei r t i ssue- or i gi n . These f i ndi ngs i ndi cat e
t hat t he 48- and 56- kd ker at i ns ar e not epi der mi s- speci f i c and
t hus may be r egar ded as mol ecul ar mar ker s f or a hyper pr ol i f -
er at i ve st at e ( or an associ at ed, al t er ed di f f er ent i at ed st at e) of
ker at i nocyt es i n gener al .

Expr essi on of Ot her Ker at i ns i n

Epi der mal Di seases

We have pr evi ousl y shown t hat t he 56 . 5- kd ( AE1- r eact i ve;
subf ami l y A, [ 12] ; pl 5 . 3 ; no . 10 of Mol l et al . [ 39] ) and t he
65- 67- kd ker at i ns ( AE3, subf ami l y B; pl 6- 8 ; no. 1 and 2)
r epr esent mol ecul ar mar ker s f or phenot ypi c ker at i ni zat i on
( 12, 58, 59, 68, 72) . Our pr esent f i ndi ng t hat i n var i ous
epi der mal di seases t he expr essi on of t hese t wo ker at i ns cor -
r el at ed wel l wi t h t he degr ee of mor phol ogi cal ker at i ni zat i on
( Fi g . 4) pr ovi ded f ur t her suppor t f or t hi s concept .

Exi st i ng dat a i ndi cat e t hat t he 50/ 50' - kd ( AE 1 ; subf ami l y
A; pI 5- 5 . 3 ; no. 14/ 15) and 58- kd ( AE3 ; subf ami l y B; pI 7 . 4 ;
no . 5) ker at i ns r epr esent mar ker s f or st r at i f i ed squamous
epi t hel i a ( 43, 68 ; cf . 39) . Resul t s f r omt he pr esent wor k ( Fi g.
1) f ur t her est abl i shed t hat t hese t wo ker at i ns ar e al ways ex-
pr essed ( const ant member s ; [ 12] ) by epi der mal cel l s under a
wi de var i et y of condi t i ons ( nor mal t i ssue, cel l cul t ur e, and
beni gn and mal i gnant di seases) .

A mi nor cyt oskel et al pr ot ei n of 52 kd ( AE3 ; subf ami l y B;
pl 6 . 1 ; no . 8) was det ect ed i n cul t ur ed human ker at i nocyt es
and occasi onal l y i n di seases . Under nor mal condi t i ons t hi s
pr ot ei n i s pr i mar i l y expr essed by si mpl e epi t hel i a ( 39, 68) .

A 46- kd ker at i n ( subf ami l y A; pl 5 . 1 ; no. 17) was det ect ed
i n var i ous quant i t i es i n di seases i ncl udi ng BCC ( 28, 40) . I n
vi ew of t he st r uct ur al si mi l ar i t i es among t he 46- , 48- , and 50-
kd ker at i ns ( 40) , i t i s somewhat sur pr i si ng t hat AE 1 ant i body
sel ect i vel y r ecogni zes t he t wo l at t er ker at i ns, but not t he 46-
kd component ( 12) . I nt er est i ngl y, t he AEI - posi t i ve 48- and
50- kd ker at i ns appear t o be speci f i c f or st r at i f i ed squamous
epi t hel i al cel l s ( 39, 43, 68) , wher eas t he AEI - negat i ve 46- kd
ker at i n i s expr essed not onl y by ker at i nocyt es, but al so by
some si mpl e epi t hel i al cel l s ( e . g. , HeLa cel l s ; [ 13, 39- 43] ) .



Al t hough t he 40- kd ker at i n ( AE1 ; subf ami l y A; pl 5 . 2 ; no .
19) can be r eadi l y det ect ed i n cul t ur ed ker at i nocyt es by AE1-
ant i body st ai ni ng, i t was appar ent l y not expr essed t o any
si gni f i cant ext ent i n any of t he epi der mal di seases i ncl udi ng
neopl asms ( Fi g. 1 ; al so see bel ow) . Thi s suggest s t hat t he 40-
kd ker at i n may not be usef ul as a mar ker f or di st i ngui shi ng
nor mal vs . neopl ast i c epi der mal t i ssues .

Reci pr ocal Expr essi on of Mol ecul ar Mar ker s f or

Ker at i ni zat i on and Hyper pr ol i f er at i on

Ter mi nal di f f er ent i at i on and cel l r epl i cat i on ar e by def i ni -
t i on t wo mut ual l y excl usi ve cel l ul ar event s, whi ch mai nt ai n a
del i cat e bal ance . Consi st ent wi t h t hi s not i on, t he r el at i ve
expr essi on of ker at i ni zat i on mar ker s ( t he 56 . 5- and 65- 67- kd
ker at i ns) and hyper pr ol i f er at i on mar ker s ( t he 48- and 56- kd
ker at i ns) by ker at i nocyt es var i ed i n a r oughl y r eci pr ocal f ash-
i on dependi ng on t he gr owt h and/ or di f f er ent i at ed st at es of
t he cel l s ( Fi gs . 1 and 5) . These r esul t s pr ovi de di r ect bi ochem-
i cal evi dence f or t he mut ual excl usi veness of ker at i ni zat i on
( an " advanced" f or m of epi der mal t er mi nal di f f er ent i at i on ;
[ 571) vs. hyper pr ol i f er at i on .

Ker at i ns of Basal Cel l Car ci noma

We have conf i r med and ext ended t he or i gi nal obser vat i on
by Kubi l us et al . ( 28) t hat t he ker at i n pat t er n of BCC i s ver y
si mi l ar t o t hat of cul t ur ed epi der mal ker at i nocyt es . Our r esul t s
ar e al so i n accor dance wi t h Mol l et al . , who demonst r at ed
t hat a 46- kd ker at i n ( no . 17) i s pr esent i n BCC but not i n
nor mal epi der mi s ( 40 ; al so see 28) . However , si nce t hi s ker at i n
i s f ound not onl y i n cel l s of t he pi l osebaceous uni t , but al so
i n HeLa cel l s, cul t ur ed nor mal ski n, cor neal , conj unct i val ,
and esophageal ker at i nocyt es, as wel l as i n sever al epi der mal
di seases i ncl udi ng psor i asi s ( Fi g . 4, l ane 4 ; [ 10, 21, 39, 40, 61,
62, 741) , t hi s ker at i n i s not cel l - t ype- speci f i c and i t s pr esence
i n BCC shoul d not be t aken as evi dence f or a pi l osebaceous
or i gi n of t he neopl asm.

48- kd Ker at i n Expr essi on vs . Supr abasal

AEI - St ai ni ng Pat t er n of Epi der mal Di seases

We have r ecent l y used AEI ant i body t o st ai n i mmunohi s-
t ochemi cal l y f r ozen sect i ons of var i ous epi der mal di seases .
Al t hough i n nor mal epi der mi s t hi s ant i body sel ect i vel y st ai ns
basal cel l s ( 72) , i t pr oduced a supr abasal st ai ni ng pat t er n i n
al l beni gn epi der mal di seases t hat ar e 48- kd- ker at i n posi t i ve
( 70) . Al t hough t hese t wo event s ( AEI supr abasal st ai ni ng
pat t er n and 48- kd- ker at i n expr essi on) appear t o be cl osel y
r el at ed, addi t i onal exper i ment s wi l l be needed t o show
whet her i n hyper pr ol i f er at i ve epi der mi s t he 48- kd ker at i n may
be expr essed pr ef er ent i al l y by supr abasal cel l s.

Concl udi ng Remar ks

When ker at i nocyt es f r om psor i at i c epi der mi s and basal cel l
car ci noma ar e gr own i n cul t ur e, t hey behave si mi l ar t o cul -
t ur ed nor mal epi der mal cel l s ( 2, 8, 28, 35 ; M. Jar vi nen, S.
Passman, I . M. Fr eedber g, and T. - T . Sun, unpubl i shed r e-
sul t s) . The r eason f or t hi s becomes obvi ous i f one assumes
t hat , i n cul t ur e, t he gr owt h of ker at i nocyt es may be st i mul at ed
al most f ul l y ( posi t i on D i n Fi g . 5) , t hus obl i t er at i ng t he i n
vi vo di f f er ences bet ween nor mal and di seased t i ssues .

Dur i ng r ecent year s, cul t ur ed ker at i nocyt es have been used
ext ensi vel y f or st udyi ng var i ous aspect s of " nor mal " epi der -

mal gr owt h and di f f er ent i at i on . However , our r esul t s cl ear l y
est abl i shed t hat as f ar as ker at i n expr essi on i s concer ned, t hese
cel l s r esembl e hyper pr ol i f er at i ve epi der mal condi t i ons and
t hus may be usef ul , i nst ead, as a model f or st udyi ng epi der mal
hyper pl asi a . Conver sel y, our f i ndi ngs al so suggest t hat ext r ap-
ol at i on of cer t ai n dat a obt ai ned by usi ng cul t ur ed ker at i no-
cyt es t o t he nor mal i n vi vo si t uat i on shoul d be done onl y
wi t h gr eat caut i on .

Al t hough i t i s gener al l y agr eed t hat epi der mal ker at i n
expr essi on can be i nf l uenced by di seases, t he quest i on of
whet her any such changes mi ght be di sease- speci f i c and t hus
of di agnost i c val ue has not yet been set t l ed . Consi st ent wi t h
ear l i er r esul t s by Baden et al . ( 5) , St ei ner t et al . ( 54) , Hunt er
and Sker r ow ( 26) , and Bowden et al . ( 8) , we have not been
abl e t o f i nd any wel l - def i ned " di sease- speci f i c" ker at i ns i n t he
common hyper pr ol i f er at i ve di sor der s st udi ed . Mor eover , our
r esul t s suggest t hat t her e wer e ext ensi ve over l aps among ker -
at i ns of var i ous di seases ( Fi g. 1) , and t hat a br oad, cont i nuous
spect r um of ker at i n expr essi on can occur even wi t hi n a gi ven
di sease ( e. g. , psor i asi s ; Fi g . 4) . These f i ndi ngs pr ovi de an
expl anat i on f or t he cont r over sy r egar di ng t he pr esence of t he
hi gh mol ecul ar wei ght ker at i ns i n psor i at i c epi der mi s ( 1, 5, 8,
37, 50, 54, 66) . Our r esul t s have al so shown t hat , cont r ar y t o
some ear l i er suggest i ons ( 1, 71) , ker at i n anal ysi s may not be
hel pf ul f or t he di f f er ent i al di agnosi s of most epi der mal di s-
eases, or f or di scr i mi nat i ng beni gn vs. mal i gnant epi t hel i al
l esi ons ( however , f or di st i ngui shi ng car ci nomas of si mpl e vs.
st r at i f i ed epi t hel i al or i gi ns by ker at i n anal ysi s, see 39, 41, 42) .
Fi nal l y, t he appar ent l ack of any maj or , di sease- speci f i c ker -
at i n changes i n t he epi der mal di seases st udi ed so f ar i mpl i es
t hat ker at i n abnor mal i t i es pr obabl y r epr esent t he conse-
quence, r at her t han t he cause, of t hese di seases .

We t hank Mi kko Jar vi nen, St even Passman, and I r wi n M. Fr eedber g
f or t hei r ear l y cont r i but i ons i n st udyi ng var i ous di seased epi der mal
ker at i nocyt es i n cul t ur e, Paul a Boni t z and Hel en Sant ana f or excel l ent
t echni cal assi st ance, and Mar i on Lynch f or cr i t i cal r eadi ng of t he
manuscr i pt .

Thi s i nvest i gat i on was ai ded i n par t by gr ant s by t he Nat i onal
I nst i t ut es of Heal t h ( AM 25140, EY 02472 and EY 04722) , Est ee
Lauder Company and Gi l l et t e Company. R. Ei chner and T. - T . Sun
wer e t he r eci pi ent s of a Der mat ol ogy Foundat i on Fel l owshi p f r om
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