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Abstract. The normal human skin surface was studied with 
a combination or scanning elcctron microscope, surface re­
plication method, and transmission electron microscope. All 
specimens were prepared with the critical point drying (CPD) 
method. Horny cells were found to stack up in columnar 
fashion with their peripheries overlapping. The surface of 
a non-nucleated horny cell, thercfore, showed a dome­
shaped elevation in the center, transmitting rhe nuclear bulge 
of the underlying granular cells; parallel double liaes at the 
periphery rcpresenting its true cell border and depressed, 
step-like imprint of the cell border of the cell which oncc 
overlapped; and on high magnification the true surface of 
the separated desmosomes. The surraces of the horny cells 
showed many bizarre marks but were relatively smooth. The 
underside of thc surface horny cells, however, bore villi ex­
cept in areas overlapping the periphery of the underlying 
cell. Tissue cultured keratinocytes also stacked up when they 
keratinized and tl1e cell periphery also overlapped. However, 
the overlapped cell border did not leave the imprint on the 
underlying cell, probably because of the lack of pressure 
from above. 

Key 11;0,ds: Freeze-etching; Desmosomc gap junction; Scan­
ning electron microscopy; Replica; Cell mem­
brane; Cell surface 

The surface of the normal human epidermis has 
been studied by many light microscopists (5, 6, 8, 
9, 11, 16-20). They used various malleable or har­
denable semi-liquid substances to obtain a negative 
imprint of the skin surface. With the advent of the 

scanning electron microscope (SEM), a host of 
publications (1, 5-7, 12-14) appeared in a short 

time. These works disclosed in three dimensions the 
details of surface ultrastructure hitherto unobserved. 
However, the instrumentation, technique and parti­
cularly the preparation rnethods initially available 
were not adequate for present day standards; most 
of the published pictures show artefactial shrinkage, 
contamination of the surface, etc. None of !hese 
workers used the critical point drying (CPD) method 

to prevent tissue damage. The CPD is now routine-

ly used and is mandatory to avoid shrinkage and 
distortion of the specimen. 

Even with CPD and improved instrumentation, 
the resolution limit of the SEM for biological speci­

mens continues to be a problem because it is still 
no better than 75-100 Å, with the exception of the 
field emission SEM. Although the stereoscopic effect 
(depth of focus) is inferior, it was therefore thought 
that trnnsmission electron microscopic (TEM) ob­
servation of metal replicas should be re-evaluated as 
an alternative to or as a better method than SEM 
for high resolution work. 

Studies of cell surface ultrastructures including 
those of the celluJar junctions have become increas­
ingly important in many fields of research, such as 
malignant transformation. Skin bas been utilized as 
a mode! more and more in recent years because of 
its easy accessibility and accurate observability of 
the results. For these reasons, the human skin was 
processed with a CPD tissue preparation method 
and examined by a reciprocal utilization of SEM 
and replica methods. It is hoped that this study will 
provide a set of basic information on the normal 
human skin surface for future studies on many ab­
norma! conditions. 

MATERIALS AND METHODS 

All materials were excised under 1 % procaioe anesthesia 
from the right anterior chest of a 21-year-old white male. 
The tissue was immediately cut into 1 or 2 mm• blocks and 
fixed in I% g)utaraldehyde in l/10 M cacodylate buffer (pH 
7.4) for 2 hours. 

SEM specimen preparation 
The epidermis and upper dermis were separated from the 
subcutis with a sharp razor blade and sequentially fixcd in 
2, 3, 4, and 5% glutaraldehyde with minimum fixation of 
l/2 hour in eacb. concentration. Osmic acid fixation was 
avoidcd. Specimens thus fixed wcre rinsed overnight in the 
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same buffer and gradually dchydrated over 12 hours through 

increasing concen1ra1ions of acetonc (10--100"0). The speci­

men was transfcrred in absolute acetone in10 a critical point 

drying apparatus (Mode! E3000, Polyscicnce). Acetone was 
replaced by liquid carbon dioxide (CO,) in the apparatus. 
In order to sccure the permcation of CO,, the tissuc blocks 
"crc flushcd with CO1 several times. After incubatioa in 
CO, for one hour, liquid CO, was transformcd into gaseous 
CO, at the critical point ( l l 00 p.s.l. of pressure ut 3 l.5°C). 
Specimcns wcrc dricd simultaneously. The dried ,pecimens 
wcre arfi><ed 10 copper grids with sil,cr conductive paints 

(ACME Chemicals and lnsulation Co., New Ha,en, Conn.) 
and gold-coatcd in a Hitachi HUS 4GB cvaporator cquipped 
with a spccimen stage in gimbals at 10-• torr. Specimcns 

thus prepared werc examincd in either an Hitachi HSM-2 
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r;g. JA. A lo" magn,fication \ICW 

of CPD-prcpared epidermis re,cals 
primary furrows (arroll'.<) dividing thc 
surface into triangular. rcctangular or 
polygonal r,clds. Each &kin field con­
sisls of se,cral hundred dome-shaped 
surface horny cells. Some cells ,ire 

loosely altached and others are flaking 
orr. e. er> throc} tes. 25 kV. 240. 

Fig. I B. Non-CPD-prepared epidermis 
nt the same magnification as Fig. JA 
rcveals extensive shrinkagc of the sur­
facc: prima!") furro"� (ar,011.1) arc 

often ind,stinguishable from coarse 
folds and wrinkles. Domc-shaped sur­
race elevations of individual cells are 
absent. Because or thc formation or 
false prima!) furro"s due 10 surface 
shrinkage, more than I O skin ficlds 
arc formcd in the same surface area 
as that of Fig. I. in "hich only 6 fields 
\\Cre counted. 25 kV, 240. 

SEM or an HSE-1 SEM accessory attachcd to an Hitachi 

HU-12 high resolution transmission elcctron microscope 

(TEM). The accelerating voltage ranged from 5 to 25 kV. 

The control specimens were prcpared in identical manner 
excepl that CPD procedures were omitted. 

Rep/ica prepararion 

CPD-prcparcd specimens were placcd in a Dcnton DV-502 
vacuum evaporator nnd cast with platinum carbon at an 
angle of 45 and thcn with carbon alonc. To detach the 

replicas, thc tissue "a� dissolved with Clorox. The detached 

replicas "ere cleansed with 50°0 Liquinox in distilled watcr 
overnight, rinsed twice with distillcd water containing I % 

Kodak Photoflo and placed on 200 mesh coppcr grids. The 

replicas "ere examined in a Hitachi HU-12 TEM. 



Freeze-fracwre metlwd 

Glutaraldehyde-fixed tissue was placcd in a Denton DFE-2 
freeze-etch apparatus attached to a DV-502 evaporator. 
Specimens were fractured at - I 70°C and cast as in replica 
preparation at - I 20°C. The procedure of recovery of the 
replicas was the same as above. 

TEM specimen preparation 

Glutaraldehyde-fixed and buffer-rinsed specimens were post­
fixed with I % osmic acid in the same buffer and embedded 
in Aralditc. Thin sections were cut in a Porter-Blum MT-2 

ultramicrotome at 600 Å and stained with 1 % uranyl acetate 
in 13 % methanol and then stained with lead citrate (15). 

Tissue c11/111re s111dies 
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Fig. 2 A. A CPD-prepared speci­

men shows a sharp edge of the 

section (arrows) and well-demarc­

ated, dome-shaped surface horny 
cells. Individual fibers of the der­
mis (D) are visible and even rine 

pericollagenous filaments are 

clearly visible (inset, upper left). 
x I 700, 25 kV. 

Fig. 2B. A non-CPD-preparcd spe­
cimen. in contrast, shows a rolled­
in cpidcrmal edge (arrows) and 
shrunken dermis (D) underneath. 
Contour of surface horny cells is 
not sharp and dermal collagen (C) 

appears coagulated. x 8 000, 25 
kV. 

Normal epidermal keratinocytes from several bealthy indi­
viduals were cultured according to our previous method (10). 
Keratinized specimens were prepared for TEM examination 
as wcll as for replica production by the same methods as 
above and as described previously (10), cxcept that fixation 
in I % as well as 5 % glutaraldehyde was used. 

RESULTS 
I. SEM observations

At a very low magnification, the specimen prepared 

with the CPD method revealed a non-shriveled sur-
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face (Fig. l A), whercas the specimcns prepared 

without it appeared like the convoluted surface of 

the brain (Fig. 1 B). Excessive wrinkling masked or 

distorted the primary skin lines (Fig. I B). The CPD 
image demonstrated in Fig. I A is, in fact, very 

similar to that of the normal skin surface as seen 

under the dissecting microscope at about x 75, ex­

cept thitt the contour of individual surface horny 

cells cannot be visualized by the latter. Primary skin 
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Fig. 3. A low voltage (5 kV) scan also reveals PPLs 
clearly (arrows). d, desquamated cell; e, erythrocyte; 
K, knizocyte •: erosion of surface. 5 kV, x I 500. 

Fig. 4. PPLs are visible in most cells. In one cell, a 
gap is formed between the outer PPL (o ➔ ) and the 
adjoining cell, suggesting that the outer PPL rcpre­
sents cell margin. i➔: inner PPL. d, desquamated 
cell; e, erythrocyte. •: erosion, 20 kV, x 1 500. 

lines (6, 20) were clearly visible and converged upon 

or started from one area as previously described by 

the light microscopists ( 11, 19). These lines divided 

the skin surface into trianguar, rectangular or even 
polygonal fields (Fig. 1 A). Individual cells had semi­

dome-shaped surfaces and paved each field like 

cobblestones (Fig. 1 A). Jn non-CPD-treated speci­

mens, this pattem is completely lost (Fig. 1 B). 

The underlying dermis was not shrunken in CPD-



Fi!(S. 5-7. Jn Fig. 5 a partial detachment of a surface borny 
cell (/) reveals a sharp imprint of its margin (i-) on the 
subjacent cell (//). For the cell 11, the imprint of the cell 
margin of cell I (i-) is the inner PPL, since the outer PPL 

(the cell bordcr) is visible (o-> ). In Figs. 6 and 7 only lhe im­
print of the overlying cell margin (arrows), i.e. tbe inner PPL 
of the underlying cell, is visible. Fig. 5: x 2 900. Fig. 6: 
6100, Fig. 7: 4 700. All taken al 25 kV. 

prepared specimens (Fig. 2A). In control specimens 

prepared without CPD the dermis was usually more 

shrunken than the epidermis (Fig. 2B) and seemed 

to contribute to the formation of many gross folds 

and convolutions of the epidermal surface (Fig. I B). 
Individual dermal collagen fibrils were clearly visible 

in CPD-prepared specimens (inset, Fig. 2A), where­
as collagen appeared coagulated in the specimens 

prepared without CPD (Fig. 2B). Thus it was ob-
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vious that non-CPD-treated specimens were altered 

significantly by artefacts. In the following, all 

descriptions are therefore based upon the findings 

of CPD-prepared specimens, unless tbe preparation 

method is specifically mentioned. 

Higher magoification revealed that there were two 

parallel lines a.long the periphery of many surface 

cells (Figs. 3, 4). These lioes will be referred to as 

parallel peripheral lines (PPL). PPL's were seen in 

pictures taken at 5 kV (Fig. 3) as well as 20 kV 

(Fig. 4) and 25 kV (Fig. 4) of acceleratiog voltages. 

lf one assumes that the electrons accelerated at 5 

kY do not penetrate deeply into gold-coated horny 

cells, the peripheral parallel lioes were surface struc­

tures. Desquamating cells had slightly elevated edges 

(Figs. S, 6, 7); such edges ofteo coincided witb the 

outer line of the PPL (Fig. 4). When the li[ted edge 

was viewed from the underside, the impriot of the 

edge of the subjacent cell could be detected on the 

surface (Fig. 8). These findings suggested that the 

outer Jine of the PPL is the true cell border and 

the inner line could be the imprint of the border of 

the cell which once overlapped. 

Lines similar to PPL were occasionally seen run­

ning semi-parallel to PPL at the periphery or/and 

crossing at random the center of the cell (Fig. 9). 

The former were considered to be related to the pe­
ri pheral ioterdigitation of the cell, whereas the latter 

could cross PPL and were ioterpreted as imprints 

of overlaid cell border which did not conform to 

the columnar stacking of horny cells (see below). 

At high mag□ification, the surfaces of individual 

cells were finely wrinkled (Figs. 4, 9), but showed 
neither specialized areas nor vill i al the highesl SEM 

resolution. In contrast, the underside of half-peeled 

cells showed numerous villi except at the periphery 
corresponding between presumptive outer and inner 

PPL of the underlying cell (Fig. 8), namely the pe­

ripheral zone of depression (PZD) of the underlyiog 

cell (see below, Replica Studies). The periphery 

covering a PZD had fewer villi than the center (Fig. 

8). Desquamated cells appeared like scales and were 

loosely attached (Figs. 1 A, 3, 4). Peeling of the cell 

rnembrane and formation of defect or erosion were 

evident in many cells (Figs. 3, 4). 

Erythrocytes accideotally attached on the surface 

at the time of surgery were round to oval with con­
cave centers (Figs. 3, 4, 9); they were seldom wrinkled 

except those damaged, which were either shriveled 

(Fig. 3) or appeared like knizocytes (Fig. 3) (2). Tbe 

fact that the majority of the erythrocytes were in-
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tact suggested tbat CPD operation was optimal and 

1hat fine wrinkles on the surface of the horny cells 

such as �een in Fig. 10 wcre less likely to be artefact. 

IL Replicu s1udies 

The rcplicas of surfacc horny cells showed dome­

shaped elevations (Fig. 10). ahhough the stereo­

graphic efrect of replicas was not as striking as in 
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Fif?. 8. A surrace horny cell is 
halr-pecled and shows its un­
derside. It is seen 1hat numcr­
ous fine villou, projections ( V) 
are present ,vithin a well-de­

marcated center, "hereas thc 

peripheral zone (PZO') prc­
sumably facing PZD of thc 
subjacen1 cell is relatively 

smooth. /, fibrin; 9 000. 

Sl::M pictures. PPL were seen in rnany cells (Figs. 

I O A, 10 B, 11-15), whereas in some cells or in some 

parts of the cells three-lined PPL (Figs. IOA, 10B, 

14) instead of the two-lined (Figs. 12, 13) or single­
lined PPL (Fig. 15) were found. The cell border,

namely the outcr line of PPL (see SEM above),

seemed IO be 1igh1ly adhering 10 the surface of the

subjacent cell. Except for detaching cells, puckered

Fig. 9. A high magnifica-
1ion or the surface horny 
cells reveals fine wrinkles. 

Erythrocytes show concave 

centers and smooth cell 
surfaces. /, fibrin. x 5 000; 
25 kV. 



Fig. IOA. /0B. Oomc-�haped bulging of the center of cach 

ccU. PPL (arroM·s), PZO. fine surface rurrows and plications 

are demonstrated with a better resolution than hy SEM in 

the replica of CPD-prcpared skin. No surface villi arc present. 

The area lettered PZD is mag11ificd in Fig. 11. Tiny numbers 
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(12, 13, 14} indicate rigures in which the numbercd areas arc 

magnified, whereas large numbers (/. 2. 3, 4) are assigned 10 

individual cells 10 be followcd through Fig. 14. •: corrc­

sponding area in IOA and 10B. IOA: �2450; 10B: xJ 700. 
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I'ig. Il. A step-like depression is seen along the inner PPL 

(i • ), producing a steep ridgc. The depresscd zone extending 

to the outer PPL (o-. ), namely the cell border, is the PZO. 

Continuit) of PZO 10 cell surfacc no. I through thc ridge 

(• and ••) suggests, thal PZO beloniis to cell no. I, wherc-
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as discon1inui1y or thc cell surfacc by a sligbt gap formation 

(g) at the outer PPL suggests lhat the Jatter is the bordcr of 

cell no. I. The areas marked with • and g arc magnified in 

Fig. 12 and the area marked "ith • • is enlargcd in Fig. 13. 

9000. 



Fig. Il. The areas markcd in Fig. 11 "•th • and g are en­

larged. It is clearly seen that cell surface no. I is abruptly 

and sharply depresscd at the ridgc (i), i.e. the inner PPL, 

but nevcrlheless continues ( +-PZD-► ) to lhe ouccr PPL (o) 

where a gap (g) is formed bemecn no. 1 and no. 2. It is 
ob, ious 1h01 in SEM both tbe ridiie and the gap "crc ob­

served as lines. Al a corner of he,,agonal cell no. I, the 

ridge tapers off (*) 1oward the gap. The surfaces ot cell no. 

Skin s11rface ultrasrrucrure 421 

I and no. 2 bear ,mall particlc, and bizarrc markings (cf. 

Frg. 18). 15 200. 

Flg. i 3. Enlargemcnt of the arcu markcd with u in Fig. 11. 
Continuity of cell surface no. I to PZO at •• and a narrow 

gap rormation (g) bct"cen it and cell no. 2 is observed. Small 
par11cles and biLarre patterns arc �cen on these cells (cf. Fig. 

18). 9 600. 
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Fig. 14. Enlargemcnt of thc area markcd in Fig. IOA. A three­
line PPL with douhle PZD (PZD,. PZD,> probnhly belong� 
10 cell no . .1. becau�c the inner (i). middle (ml and outer (u) 

PPL do not cro,s the junc11on bet"'een cells 3 and 4 (" h1ch 
is. by the way, a "non-steppcd" or "single-line" PPL typc) 
and cell surfacc no. 3 is continuous to PZD o,cr the ridgc 
(arro11 ). 1.c. the inner PPL (i). The ridgc bet"ecn the PZD

1 
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and PZD, may be the middlc line of PPL if thc cell which 
once co,ered thb area 1111crdigitatcd with cell no. 3 by a 
three-�tep mode (cf. Fig. 17 Al. PZDt cnds at the cell bordcr, 
i.e. the ou1er PPL (o) of cell no. 3. and is separatcd from cell 
no. I by a narrow gap (Il>· Surfacc particles and rnarkings 
are nurnerous: Sorne of these appear 10 be grouped into 
maculcs (•) (cf. Fig. 18). 12 250. 



Fig. 15. Cell no. I is junctioned to cell no. 2 with the forma­

tio,1 o[ two-lined PPL (i, o) and PZD. It is junctioned to cell 

no. 3 by one-line PPL "ith a rather stccp lateral surface (*). 
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The junction between cells 2 and 3 is one-linc PPL. Therc are 

many desmosomal macules (m) composed of small particles. 
21000. 
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Figs. 16A, 16 8. Tissue cultured kcratinocytcs undcrgo kera­
tinization b} accumulation or Cilaments. loss or nucleus and 
cytoplasmic organelles and b} bccoming flat. The peripher) 
of individual horny cells overlap, in layers, but P70 is not 
as markcdly depresscd as in , ho (cf. Fig 17 D). The junc-

or rolled-up edges \\,Cre not common. It was clearly 
scen !hat the inner line of PPL reprcsented lhe edge 
of step-like, downward depression� of the surface 
at the cell periphery (Figs. 11, J 2). The edgc of thc 
depression could be sharp ( Fig. 12). This, of coursc, 
dependcd part ly upon the shado" ing aagle. The de­
presscd zone betwccn the inner and outc1 PPL, 
therefore. was the area bet"'een the edge of the de-
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tional 7one is thcrefore slightly s.-ollen and the uppermost 
cell,� slightl� lirted up (cuned arrow in Fig. 16 8). The ends 
or indi,idual cells, howc,er. do not 1nvagi11atc or interdigi­
tate as in in tiro. 111: phagoq,tosed mclnnosomcs. J 7 500. 

pression and the cell border. Thb zone will be re­
ferrcd to as the peripheral zone of depression (PZD). 

When three-lined PPL werc present, the PZD was 
double (Figs. 13, 14). TEM observarion of the cellu­
tar junction in tis�uc cullure and in tissue revealcd 
that the edgcs of horoy cells pile in column and 
they do indced overlap. In tissue cultured keratino­
cyte the ovcrlapping was �imple ( Figs. 16 A. l 6 8). 
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For these reasons, the surface of the skin is the most 

logical subject for the scudy of the surface structure 

or detached desmosomcs. The separated surface of 
epidermal <lesmosomes appeared like cobblcstones: 
No substructures corrcsponding to sevcral layers of 
de�mosomcs were found such as are scen in !hin 
section. H, for examplc, thc intcrmediate dcnse layer, 
which is straight, werc a structural unit, some of the 

separated surface covered by this layer partially or 

entirely would be flat. Jt rnay be concluded that the 

cobblestonc surface of the separaled desmosomes is 

a reflection or the aggregated particles within the 

cell mcrnbrane at dcsrnosomes and ihat several 
laycrs as scen in thin sections represent non-struc­

tural substances, probably condensed intercellular or 
cell surface materials which upon separation lose 
their integrity and passively adhere to the cobble­
stone surface. 

The surface horny cells have lost their nuclei; the 
cell body is flattened; and the cell contour appears 

Fig. 17 A. The horny cells in the uppermost stratum corneum 
have residual dcsmosomc, between cells {D) as wcll as on 
lhe surfaces ( •). These measure, on avcrage, 0.3 ;101 and are 
d1stributed appro�imatcly 0.3 pm apart from each other. lr­
rcgular remnants of cell �urface or intercellular substances 
(arrows) are also visible. lntercellular junctions arc gcnerally 
loosc and lhcrc is no indication tha1 nexus pcrsists al this 
lc,cl. The horder of cell 110. 1 iavaginates into the end of 
cell no. 2. Suppose that cell no. I rcmained and cell no. 2 
exfoliated, thrcc-lined PPL with double PZD such as shov. n 
in Fig. 14 (i, 111, o: and PZD1 and PZD•) might rcsult. lf cell 
no. 2 remaincd and cell no. I desquamated, a single-edged 
cell horder such as shown in Fig. 14 (hctween 3 and 4) might 
"cll occur. 75 000. 
Fig.17 B. 17C. Horny cells in the mid-laycr stratum corneum 
arc still junctioned lighlly with desmosomes (d), thcse men­
sure bel\\ccn 0.3--0.8 ;,m and are on a,erage 0.3 ;,m apart. 
As in Fig. 17 A, these desmosomes are often located at the 
tip of villi or corresponding depressions. Cell no. I is bilur­
cated at the cnd and thc upper lip (U) invagina1es into cell 
no. 2, while the lower lip (L) interdigitaies with the less 
kcratinized underlying cell no. 3 and produces a step-like 
depression (P7D). lf cell no. I were shed and cell no. 2 re­
mained, the replica might show a sharp-edged false junction 
(one-Jined PPL) of cell no. 2 with cell no. 3; if cell no. 2 is 
shed and cell no. I remained, the surface of cell no. l would 
sho" lwo-hned PPL. In Fig. 17C, cell no. 1 has two upper 
lips (U,, U2); if cell no. 2 were shed and cell no. I rcmained, 
thc surface of cell no. 1 would show lhree-lined PPL and 
two PZD's. 45 000. 
Fig. I7D. lncompletely keratinized horny cells in the lowest 
laycrs of the stratum corncum are overlapped at their peri­
phcry 10 form a simple onc-step inlerdigitation. lf cell no. I 
were shed, cell no. 2 would show lwo-lincd PPL in the sur­
face replica. G: granular cell. x 45 000. 
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in TEM like corrugated French fried potatoes (Figs. 

16, 17). The dorne-shaped convex surface of individ­

ual horny cells as shown in the present study should 
reflect thc nuclear elevation of the undcrlying gra­
nular cells. The fact that thc center of each surface 
horay cell was elevated as if its own nucleus wa) 
present sugges1s 1hat nucleus-containing granular 
cells and overlying horny cells are stacked up in a 
columnar fashion with their centers oriented around 

the common axis and with their margins lining up 

equi-distant from the center. The columnar arrange­

ment of upper epidermal keratinocytes has been 

demonstrated previously by the light microscopic 
method (4) as well as by SEM (12, 13). 

A step-like peripheral depression was reported by 
Menton & Eisen in tbeir SEM studie� of normal 
and abnorma! skin (12, 13). Although thcir observa­
tion was lirnited because of the resolution of thc 
SEM, their conclusion that this zone (PZD) is an 
imprint o[ the periphery of 1he overlapped horny 
cell is supported by the present study using replica 

and TEM. In the present study, however, it was 

shown that a step-like overlapping is just one of 
several methods of lateral junctioning; rnore com­
plicated invagination and intcrdigitation producing 

double PZD or no PZD wcre also observed. Such 
complex interdigitation was encouotered more fre­
quently in the uppcr stratum corneum than in the 
lower strata: lnfolding of the cellular envelope rnay 
take place when it becomes imperative for keratino­
cytes to reduce thcir circurnference because of de­
hydration and condcnsation as keratinization pro­

ceeds. 
The hot ny cell surface of the uppermost layer of 

the epidermis was free from villi: Surface tension 
and stretching may expand the surface area which 
was rcscrved as villi. The under surface coveriog the 

PZD was also smooth. It seems likely that the out­
side pressure applied to thc skin is doubled in PZD 
where the overlapping of thickcned horny cell enve­
lope and wideoed intercellular spaces is Lo be ac­
comrnodatcd; without tbe flattening of the surface, 
the overlapped zone of PZD might have been scen 
as an elevated pcripheral band. ln loosely layered 

keratinocytes in tissue culture, such pressure does 
not seern to exist and, consequently pcrhaps, an 

elevalcd peripheral band instead of PZD is indeed 
produced (Fig. 16 B) (10). The flanening of PZD 
seems to be conducive to the tight sealing of the 
cellular junction. Maoy horny cells in the uppcr 
stratum corneum have a lipped border which further 
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Fig. 18. High magnification of a rephca of a surface horny 

cell shows round, oval or elongated macules. I ndi, idual 

macules consist of cobblestonc-lile par11cles. Thcse maculc, 
mea,ure on average 0.4 0.8 /1111 in long diameter and arc 

Acra Dermarorener (Srocl-.hu/111) .5.5 

distributed rnther uniformly at a distance ol 0.3-0.45 11111 

Re,icwing thrn sections of upper horn) cells of the same 

spec1men (F1gs. 17 A. 17 8. 17C). the size and frequency is 
qu11r compa11ble \\lth residual desmo,omes. 75 600. 



For caplion 10 Fig. 19 A, B, see overleaf. 
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increases the areas of lhe cell-to-cell junction or 
sealiag-. Permeation via intercellular spaces alone, 
there[ore, is a long pathway in which residual des­
mosomes and intercellular substanccs might also 

interfere with the passage. Thus, the peripheral over­

lappiog seems to be an inherent characteristic of 

keratinocytes in vivo as well as in vitro bul the 

formation of PZD seems to be subject to environ­

mental factors. 
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