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Abstrac/. Experimental anti-keratin polypeptide sera 
(KPS) which were prepared by immunizing guinea pigs 
wi1h 1he PI polypep1ide (molecular weigh1: 67 000 dalton) 
of a-kera1in of normal human stratum corneum. were 
shown 10 react in immunonuorescence only to cell cyto­
plasmic antigen of the upper layer., of the epidermis. No
staining was detected in the basal layer. An immunolabel­
ling performed on free epidermal cells obtained afler 
trypsinization demon;,trated by electron microscopy that 
receptors for K PS "'ere tonofilaments. "1inor proportion, 
of negaiive cell, containing tonofilaments and numerou� 
melanosomes detected might correspond to the basal 
cell,. An IF pattem similar lo that scen with KPS wa, 
obsened ""h some human epidermal cytopla,mic scra 
(ECS). However, reciprocal blocking Ie�I, performed on 
both rabbit lip and normal human skin with thc different 
�era sho"ed no inhibition. No cross-reaction was detected 
by immunodiffusion test between whole purified a-keratin 
and human ECS. In electron microscopy, the receptor� 
for ECS appeared not to be keratin-like, but were located 
on a granular part of the peripheral keratinocyte cyto­
plasm. fhese findings confirmed two ,teps (ba,al and 
malphighian laycr,) in epidermal diffcren1iation defined by 
anligenic markers and especially by the a-keratin compo­
nent of \1W 67000 d present in normal stratum corneum. 

Key word.1: a-Keratin: Polypeptide: lmmunological prop-
ertie,: Epidermal cytoplasmic antibodies: 
Kerntmoq te,: Electron microscopy 

Numcrous analyse� performed on the biochemistry 

and ultrastructure of a-keratin show that these fi. 

brous proteins undergo a series of changes during 
keratinilation which are retlectcd in their different 

physiochcmical properties (3, 5, 16, 24). The pro­

tein in the Malpighian layer is solubilized by acid 

bulfers. while that in thc �tratum comeum require, 

alkaline bulfers with 6 M urea (5. 6. 16). The,e 

proteins appear heterogenous and. moreover. in the 

case of human epidermal proteins. differences in 

the polypeptide components can be observed be-

twecn normals and patients with keratinization dis­

orders (4. 15, 25. 27). 

a-Keratin of normal qratum comeum is com­

posed of three to four polypeptides of differing 

molecular weight and we have recently shown that 

the main one. of MW 67 000 dalton, wa� able to 

induce in animals specific antibodies of high titres. 

capable of labelling cytopla!,mic antigen of 

keratinocytes of the spinous and granular layers of 

normal human epidermis. but not the basal cell 

layer (30). As thc immunological propertic!> of kera­

tin components have not been thoroughly investi­

gated (2, 27), lhe aim of this study was to determinc, 

at the ultrastructural leve(. the exact antigenie site 

of the immune reaction obtained with the!)e anti PI 

polypeptide scra. 

It also seemed of intere�t to compare these stain­
ings with tho,c detected with ,-ome human sern. 

from patients with various discases or cancers (I . 

20. 21. 28). In such human sera antibodies occur to

cytopla�mic antigens of normal human epidermal

cells. Nothing is known of the biochemical naturc of

these antigens which can be distinguished in the

three types according to their location in the differ­

ent layers of the skin. One is found in all keratino­

cytes. another only in <he upper layers of the

epidermis and the third only in the ba�al cells (10.

22). Thus. our purpose was to investigate if there is

any analogy between receptors of PI keratin

polypeptide antibodies and tho,e of human upper

epidermal cytoplasmic antibodies.

MATERIALS A D METHODS 

S1m1um Cvmeum SampleI 

Foot callus was obtained by scraping from ,everal indi­
viduals with no �kin disorders. The material wa� �tored at 

30"C until use. 
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Exrrac 1io11 Pmcedure� 
The cxtraction procedur·c wa<, performcd according 10 the 
technique of Baden et al. (41. Bnen}. �quame� \\ere 
ground on 0.25 M sucro,e in a homogen,zcr for 2 mrn a1 
4°C. After centrifugation at 35000g for 20 min. the pellet 
was homogenized in a 0. I M sodium citra1e ci1ric acid 
buffer at pH 2 .65 and ,tirred at 4°C for I h. The ,uspcn�•on 
wa.-; then centrifugatcd at 35 000 .I/ for 20 min. The 
supemalant wa, discarded and the in,oluble pellet was 
reground for I min al 4°C in 1hc acid buffer and ccntrifu­
gated at 35 000 /./ for '.?0 min. The pellet was homogeni.led 
m 6 M urea containing 0.1 M Tris. pH 9.0. and 0.1 M 
'.?-mercap1oe1hanol for '.?4 h at room 1empera1ure under 
nitrogen. The ,uspen�ion wa, cen1rifuga1ed at 35 000 g for 
'.?0 min and 1hi, last e,1rac1 contained the fibrou, proreins 
of whole s1rntum corncum. Aflcr extensive <.lialysis for 48 
h againsl 0.025 M Tri,-0-192 M glycine buffer. pH 8.1. the 
protein content was determined by thc Lowry technique. 

SDS Polyacrylamide Gel Efrctroplwresil 
Fibrou� pro1eins (50 µ,g) were di,,olved in 0.0625 M 
Tris-HCI. pH 6.8. comammg 2'1 SOS. 5,·1, 2 
mercaptoethanol. 0.0� � bromophcnol bluc and di\­
sociate<.I by 2 min incubation in boiling wa1er. fhey wcre 
then subjected to electrophorcsi, on 12 "i polyacrylamide 
slab geh prepared a, described b} Laemmh (I 3 ). fhe 
apparent mol. wt. of thc proteins wa, determincd accord­
ing to Lhe method of Weber & Osborn (31 l u,ing bo, ine 
,crum albumin. o-globuhn. ovalbumin. The fir-t 
polypeptide (PI. MW: 67000) was u,ed for immuni7ation. 

Anriura 
Kerati11 pvl_,·peptide ura ( KPSi: 
Adult (400 g) female Hanle� guinea pig, were immunized 
with thc PI keratin polypeptide uccon.ting to a procedu re 
already de:,cribed (26). The animah were bled by hcart 
puncture 8 day, after the la:,t injection. The 1mmune ,era 
�o obtained wcre absorbed ,ucccssively wilh human ery­
throcytc� ( 18) and !iver powder and diluted at Jea,t to 
I • 40 before I. F. 1esting. 

H11111a11 epider11111/ n·top/a:11111c 1er11 (l:.'CSJ: 
Variou:, pa1ient ,era rcacting with kcrntinocytc cytopla,m 
of thc upper laycrs of the epidermis werc used. They were 
obtaine<.1 from patienb with variou5 d1sea,e:, and from a 
patient with an lgA myeloma. 

/n11111111ofl11oresce11c e Studies ( I I- J 
(I) 011 Ji·ozen .l'l'CliVIII
lmlireo i111111111111,/111ure1ce11ce re.11 /IF) Thi, te,t \\a� pcr­
forme<.I on 4 µm ,ection, of normal human skin and r:1bb11 
lip. Commcrcially available nuor.,,ccin i,01hiocy,1nate­
labelled goat an1i-gumea pig (gG (Nordicl and rabbit ami­
human lgG or lgA <Behnng). we,e u,ed after absorp­
tion and dilution. The ,pecifici1y of thc IF te,t was shown 
by the absence of staining in the pre-immune guinea pig 
,era and in human sera negative for cytoplasm1c epidermal
antibod1cs. lmmune sera were diluted in PBS a1 pH 7.2. 
<;Jides were v,e...,ed v. 1th a Lett7 nuore,cencc micro:,cope 
(epi-illumination orthoplan).

. ,, ,,, n, rllltlllll('l(C'( f�\tw.·J..l,oluu ()Il 

Recipmcal hlod.i111f 1eJts. Specific inhibition of Lhe 
cytopla\mic fluorescence rcaction b} K PS or by human 
,ern \\llh ECA (epidermal q·toplasmic antibodie,) \\a:, 
tc,ted on normal skin ,ection,. Frozen ,ection, werc pre­
incubatcd with cither KPS or positive human sera for 30 
min and. after being carefull) wa,hed \\ith PBS. "ere 
,ubsequcntly 1ncuba1ed wi1h the other appropriate im­
mune ,era and ,1ained after washing with 1he conjuga1e 
corre,ponding to the ,econd ,erum (r.thbll anti-human lgG 
or lgA for human ,era. or goat anti-guinea pig lgG for 
KPS). 

( ! ) 011 hlllll{l/1 l-era1i110( _,.,,, Sll>f)l!llSio11.1 
JO" cell, "ere incubated \\ith �pec1tic diluted anti,era
< I : 50 for KPS and I : �0 for ECSl for 30 min. After "a,h-
1 ng. the cells wcre incubatcd wi1h thc appropriate conju­
gate for 30 min and , .. 1�hed again in PBS. mounted on 
glas, ,li<.les and examincd by nuore,cence mIcroscopy.

b111111111ocl({f11sio11 Te.1 r t I .D. I 
lmmunodiffu,ions tc,1, wcre performcd on microscope 
,!ide, using I ',- agaro,c gel in barbila I buffer 0.05 M. pH 
R.4. D,ffu,ion '"" allo,�ed 10 proceed for 24 to 4R hour, ,tt
17°C in a moi:,1 chambcr.

Tn·psi11a rio11 <�/' K era1i11ocy1e., 
I-ree ep1dcrmal cells ,, ere obtained from normal human 
,kin ,ample, after tr} p,mizatmn accurdmg 10 thc tcch­
nique <.lcscribed by Regnier et al. ( 19) with slighl modifica­
lion�. Brietly. the �ample� were 11h1ained using an
electro'-eratome (Ca:,tronejo type) and incubated al 37 C 

with a 0.5 ¼ trypsin diluted in PBS to ob1ain the dennal­
cpidermal separation. fhe epidcrmi:, was then ,,a�hcd in 
\1EM cuhure medium with 10% c,1lf serum and 1he 
kera1inocy1es wcre scallereu with ncedle,. The cell 
,uspenston "a' filtered 1hrough ., \lillipore grid ,md 
cen1rifuga1ed for 10 mon al ROO g. All cell ,u,pen:,ion,
containcd morc than 90'1 viable celb a, assc,�ed by try­
pan blue exclli-ion. The final concen1r,ltion of celb was 
adjusted to 10X 106 cell, per ml for <!lcc1ron micro,cop1c 
cxamina1ion,.

Standard electron 111icrosc11py (E;\/) 

<!t' J..erm i11ocyr e 111.1pe111io11.1 
The cell, \\ere fixed w11h � '? glu1araldehydc and I 'f 
osmium 1e1ro,1de. dehydrated and included in "poxy 
medium. The ultrathm �ecuom wcre contra,ted "1th 
uranyl acetalc and lead ci1ra1c al 80 kV with a Philip, EM 
100 elcc1ron microscopc. 

/111111111111<'11�_,·mll tic S tai11i11g.1· 
I I) 011 1/..i11 set 111ml III hi:l11 miuvscopv 
Normal skin biop�y sample, werc fixed with aldehydc ,md 
embeddcd in epoxy medium. On '.!µ,m section,. indirect 
immunolabelling of keratm an1igens wa, performed 11,ing 
,pecitic �era (I: 50 dih11ion) and immunoperoxidasc con­
juga1e lgoat Po-lgG anti guinca pig lgG !Nordic) I 50 
Jilution ). 3-3' DAB "a, used to revcal conJugate perox­
idase ac1ivi1y ( !'.?) . 
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(2) On cell suspensiorzs in elecrrorz microscopv 

After light fixation with 2 % paraformaldehyde in 0.1 M 
phosphate buffer (pH 7.4). and washing with PBS. the 
keratinocyte suspensions were incubated with the specific 
antisera (anti KPS diluted I: 50 in PBS. anti-human ECS 
diluted I: 20 in PBS). at 37'C for 3 h. After washing. the 
cells were incubated with peroxidase appropriate conju­
gates (Po-lgG anti-guinea pig immunoglobulin (Nordic) 
goat and rabbi! Po-lg anti human lgG or lgA (from Institut 
Pasteur. Paris)) and diluted at I : 20 for 2 h at 37°C. After 
washing in PBS, the cells were fixed with 2 % 
glutaraldehyde in cacodylate buffer. After washing in 
Tris-HCI buffer (pH 7 .6). the peroxidase accivicy of the 
conjugate was revealed with Graham-Kamovsky medium 
(12). After washing in PBS. a drop of suspension was 

mounted on glass slide and observed by light microscopy 
as a control. The cells were post-fixed for 20 min with 
osmium tetroxide. dehydrated and embedded in epoxy 
medium. The cells were examined with a Philips EM 300 
at 40 and 60 kV withouc concrast and at 80 kV with eon­
trast as control. 

RESULTS 

Appearance of KPS and Human ECS 

by lndirect IF 

On human skin and rabbit /ip sec1ions 

Experimental immune sera against PI keratin 

polypeptide and human sera containing upper epi­

dermal cytoplasmic antibodies reacted to antigens 

present only in t.he upper layers of the epidermis. 

No staining of the basal cell layer was observed. 

The fluorescence wa:; limited to the cytoplasm of 
epiderrnal cells. the nuclei were dark. the intercellu­

lar space only unstained by human ECS. 

On cell suspensions 

Fig. I. lndirect im­
munoperoxidase labclling 
of the upper layer of normal 
epidermis with anti-PI 
polypeptide sera (dilution 
I : 50) on 2 t,tm sections. (-+) 

negative basal cell layer. 
X605. 

Keratin PI polypeptide antibodies showed a bright 

cytoplasmic labelling which often appeared as ir­

regular cytoplasmic spots in the majority of the 

cells. Human epiderrnal cytoplasrnic antibodies re­

vealed a diffuse, homogeneous and slightly cyto­

plasmic staining. ln both cases. a low percentage 

(<I O % ) of small keratinocytes was unlabelled. 

lmmunoenzymatic Results 

Lig/11 microscupy of skin sections 

I mrnunoperoxidase results were sirnilar to those 

obtained by indirect IF. However, the labelling on 2 

µ,m sections allowed a rnore precise location of 

anti-PI specificity. No staining was observed in the 

intercellular space or on the cytoplasmic membrane 

of keratinocytes (Fig. I). 

Eleclmn 111icroscopy (EM) 

Keratin P I polypeptide antibodies labelled specifi­

cally the cytoplasmic tonofilaments and the desmo­

some tonofilaments of the majority of the cells (Fig. 

2a). At high magnification. no staining was ob­

served on other cytoplasrnic structures. After con­
trasting , the labelled structures correspond exactly 

to tonofilarnents (Fig. 2b). A small percentage of 

cells remained  negative and contained numerous 
melanosomes; after contrasting these cells also 

showed tonotilarnents and thus might correspond to 
the basal layer keratinocytes (Fig. 2b). in ac-

Aero Dermato,·ener fStocl..l,o/mJ 60 
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Fig. 2. (al Ultrastructural 

aspect of the labelling of tono­

filaments (arrow) with keratin PI 
polypeptide sera. K I. positive 
cell; K2, negative cell. X4600. 
lnset: detail of the labelling at 
high magnitication. x30000. 
(b) The same cellsafter con­
trasting. showing the keratinocy­

tic nature of the unlabelled cell
!K2). x5000. lmet: detail ofto­
notilaments of the K2 keratino­
cyte. x 27 600. 
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cordance with the large number and the repartition 
pattern of melanosomes in these cells. 

Human epidermal cytoplasmic antibodies did not 

label tonofilaments but were fixed in irregular de­

posits in the peripheral part of the cell cytoplasm 

(Fig. 3 a). However. no precision can be given as to 

the nature of the antigenie support (Fig. 3b). 

Reciproca/ 8/ocking Tests by IF Testing 

Reciprocal blocking tests were performed on tissue 

sections of normal human skin and rabbit lip. The 

pre-incubation with KPS or ECS did not block the 
subsequent reactions with the other immune scra. 

Thus, no specific inhibition of the cyloplasmic reac­
tion was obtained. 

lmmunod1ffusio11 Test 

Whereas anti-keratin PI polypeptide sera reacted 

with the whole purified stratum corneum keratin to 

give a precipitin line. no reaction was noted with 
human ECS. 

DISCUSSION 

We have recently shown that a-keratin 

polypeptides of normal stratum corneum are able to 

inducc specific antibodies in animals (30). Using a 
similar biochemical analysis, several authors have 

reported that SDS gel electrophoresis of fibrous 

proteins extracted from the horny layers of normal 

human skin showed similar patterns. especially 

with a PI polypeptide of 67 000 d (5, 27). Hitherto, 
only the immunological properties of whole a-kera­
tin have been studied (14) but no investigation con­

cerning the immunological properties of a-keratin 

components have been reported. 

Anti-cornified cell protein sera have been pro­

duced in rabbits and showed a diffuse staining of 

normal epidermal cells throughout the epidermis 

(27). We have demonstrated that the PI polypeptide 

of MW 67 000 d was able to induce in animals 

specific antibodies labelling only the keratinocyte 

cytoplasm of the upper layers of the epidermis. The 

immunological properties of such a polypeptide 

exhibited an important difference between the basal 

cells and the others located above, thus confirming 

numerous studies which have already reported dif­
ferences in morphology and biochemistry between 
these two cell populations (11, 17). Consequently, 

the polypeptide of MW 67 000 d might be consid­
ered as a specific cellular marker in the differentia-

tive pathway of keratinization. Moreover, im­
munoelectron microscopy allows us to define accu­

rately the nature of the antigenie sites of KPS and to 
compare them with those recognized in some hu­

man ECS. 

lndirect IF studies are not sufficiently precise lo 

give valuable information on the nature of these 

antigens. However, they did allow us to study the 

antigen histological location and the specificity of 
the antisera by rileans of reciprocal blocking tests. 

By the immunoperoxidase procedure, the same 

patterns can be obtained on frozen fixed tissue sec­

tions in light microscopy. The same labelling has 

been performed in EM on skin sections mounted on 
glass slides (23). However, this method does not 
allow us to obtain really valuable and reproducible 

results. as the immunological reagent penetration 

was inadequate. 

By using isolated keratinocytes, it was possible to 

obtain a better immunological staining of the cyto­
plasmic antigens. Ther keratinocyte trypsinization 

allowed us to perform an immunocytological study 
on viable cells such as can be seen after ultra­

structural control. 

The EM stainings revealed by KPS and human 

ECS are related to antigens differing according to 

their location and structure. These results demon­
strated that antigenie support of human ECS did not 

correspond to tonofilaments. 

Keratin antigens are easily defined ultrastructu­

rally but the nature of cytoplasmic antigens de­

tected by human sera cannot be established with 
precision. 

The negative basal cells are characterized by the 

absence of these antigens and especially the PI 

polypeptide keratin even though these cells contain 

tonofilaments similar lo those of Malpighian cells. 

In contrast, tonofilaments bound to the Malpighian 

layer acquired the PI specificity (Fig. 2a). 

Recently. Breathnach pointed out that basal tono­

filaments are identical with those of the horny 

cells (7). However, Brody's studies described 
morphological and histochemical differences be­

tween them and suggested that the horny cell fila­

ments are not identical with those of the basal cells 

(8, 9). The fibrillar differentiation suggested by 
Brody's theory on the basis of morphological 
observations seems to be confirmed by the im­
rnunological properties of the PI polypeptide. In 

some cases, the cell differentiation is characterized 

by the acquisition of specific antigenie markers and 

Act11 Derm1110,·e11er (Stockholm/ 60 
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Fig. 3. (a) Ultrastructural
aspect of the labelling ( *) 
obtained with human epidermal
cytoplasmic antibodies. No
dense deposits on tonofilaments 
(Il. d, desmosomes; N. nucleus.
x 34000. (b) Ultrastructural 
picture of keratinocyte in 
standard EM showing the granu­
lar aspect of the peripheral cyto­
plasmic zone ( *) labelled with 
ECS. d, desmosomes: N. 

nucleus: 1, tonofilaments.
X 24 000 .
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functional properties. as has been demonstrated for 
example for the thymus-dependent lymphocyte 

population ( 19). With keratinocytes, we may as­

sume that sequential stages of differentiation can be 

defincd by antigenie markers direetly related to the 
specific functional propertie:, of epidermis which is 
the keratinization process. 
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