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Stereologic techniques for electrón microscopio m orphom etry have been applied to norn 
hum an  in terfo llicular epiderm is of th e  subm am m ary  and iliac crest regions. The aim  wp
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Stereologic techniques for electrón microscopic m orphom etry have been applied to normal 
hum an in terfollicular epiderm is of the subm am m ary and iliac crest regions. The aim  was to 
obtain objective baseline d a ta  for the study of epiderm al m orphom etric pathology. The 
results, expressed m ainly in surface, volume, and num erical densities of epiderm al compo- 
nents and keratinocyte organelles, revealed ascending or descending gradients throughout 
the epithelial s tra ta . The cytoplasmic ground substance rem ained alm ost constant in the 
four studied layers. No im portan t regional differences were found between the epiderm al 
m orphom etric param eters a t e ither site. The epiderm is showed strik ing  volum etric composi- 
tion sim ilarities w ith other keratin izing epithelia.

V ariations in the relative composition of kera­
tinocyte components in experim ental and sponta- 
neous pathologic conditions frequently  have been 
reported on the basis of subjective evaluation of 
electrón micrographs. By th is  procedure quan tita- 
tive changes in the cytoplasmic content of tonofila- 
m ents, m itochondria, keratinosom es, and other 
organelles have been postulated in as different 
conditions as lichen planus, psoriasis vulgaris, 
horny layer stripped epiderm is, irrad ia ted  epider­
mis, and m any other lesions [1-91.

The application of modern stereologic tech­
niques of u ltra s tru c tu ra l m orphom etry 110] to sev- 
eral normal tissues yielded an objective quantita- 
tive description of m em brane surfaces and submi- 
croscopic volumes. These studies have been per- 
formed with m any different m am m alian  tissues 
111-17] serving as baseline d a ta  for com para ti ve 
studies where the m orphom etric analysis of the 
sam e tissues under experim ental conditions or in 
disease sta tes was carried out 118-24],

A lthough light microscopic histom etry and elec­
trón microscopic quan tita tion  of some specific cu- 
taneous features have been reported 125-34], a 
complete stereologic analysis of norm al hum an 
epiderm is has not, to my knowledge, been carried 
out. This study represen ts an attem pt to describe 
in a quan tita tive  and objective way the ultram or- 
phologic features of hum an epiderm is, in order to 
furnish baseline d a ta  for the study of epiderm al 
m orphom etric pathology. The study was developed 
and carried out tak ing  into account the previous 
experience in the stereologic assessm ent of normal 
squam ous epithelia of the oral mucosa 135-411.
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M ATERIAL AND M ETHODS

Biopsies
Nine skin surgical biopsies, 4 from the submammary 

región and 5 from the iliac crest región, were obtained 
from female patients (age range 19 to 23 years) un- 
dergoing plástic surgery. The biopsies were immedi- 
atelv placed in chilled half-strength Karnovskv fixative 
1421 and subdivided into 5 to 7 approximately 1-mm- 
thick blocks, cut perpendicularly to the surface.

After 2 h r the blocks were washed in 0.18 m  cacodyl- 
a te buffer and postfixed in 1.33% osmic acid buffered 
(pH 7.4) in 0.067 m  s-collidine at 4°C, thereafter dehy- 
drated in ethanol, and embedded in Epon [431. The 
tissue blocks were orientated fíat at the bottom of re- 
versed BEEM capsules. From a total of 47 blocks, 
thick sections were prepared and stained with PAS- 
toluidine blue-azure II [44], From these blocks, 3 out of 
each biopsy were selected on the criteria of the best 
tissue orientation and preservation of the interfollicu­
lar epidermis, and served for both epithelial thickness 
measurem ents and stereologic analysis. M easurements 
of epithelial thickness were performed in regions of 
epithelial ridges, over connective tissue papillae, and at 
random |37|. (The stratum  corneum was measured sep­
ara tely.)

U ltrath in  sections were cut and processed according 
to a previously published sequence [411.

Sampling and Stereologic Proeedures
Electron micrographs were recorded following an al- 

ready described sampling design based on a model of 
stratification 140-411.* In brief, it was performed on two 
levels of magnification and four epithelial strata . In the 
submammary epidermis the four s tra ta  represented an 
almost consecutive field-to-field sample at the lower 
level of magnification. In the iliac crest epidermis, 
which was slightly thicker, small areas between the 
stra ta  were equidistantly excluded from the stereologic 
analysis.

Level I magnification: Six electrón micrographs a t a 
prim ary magnification of 3070x were recorded in each 
stratum  and for each block. Thus three times 24 photos

* Hammer B, Schroeder HE: On-line C o m p u te r  pro- 
gram for stereologic analysis of oral epithelia, based on 
a model of stratification (in preparation).



were collected per block, yielding a total of 288 nega- 
tives for the subm amm ary epidermis group (4 biopsies 
x 3 blocks x 4 stra ta  x 6 micrographs) and 360 electrón 
micrographs for the iliac crest epidermis group (5 biop­
sies x 3 blocks x 4 stra ta  x 6 micrographs).

Level II magnification: Twelve micrographs were re- 
corded using a primary magnification of 6070x within 
the stra ta  sampled a t level 1. In total, 48 electrón micro­
graphs were sampled from each block, yielding a total 
of 576 negatives for the submammary epidermis (4 biop­
sies x 3 blocks x 4 stra ta  x 12 micrographs) and 720 
negatives for the iliac crest epidermis (5 biopsies x 3 
blocks x 4 stra ta  x 12 micrographs).

Two additional series of electrón micrographs were 
recorded for the measurem ent of cytoplasmic filam ent 
diam eter and basal lam ina thickness 141 ].

The quantitative analysis was carried-out using a 
coherent double-lattice test system with 99 heavy 
points and 891 light points respectively 1101. The appli- 
cation of this test system on squamous epithelia and the 
subsequent data recording as well as computation and 
statistical analysis have already been reported 140,411.

R ESULTS

General I)eseriptio.n o f  the Epidermis
The interfollicular epiderm is of the subm am ­

m ary región was found to be of ra th e r  sim ilar 
thickness and structu re  as the one of the iliac crest 
región. A lthough the la tte r  was slightly  th icker 
and presented more epithelial ridges interdig ited  
w ith a somewhat denser derm al papillary  body, 
the overall architecture, differentiation pattern , 
and hornv layer formation were sim ilar in both 
regions (Fig. 1, Tab. I).

The basal eomplex beneath  the epithelium  was 
composed of a very distinct lam ina lucida and a 
lam ina densa of approxim ately equal thickness in 
both skin regions under studv (lam ina densa 540 
to 580 Á, lam ina lucida 370 to 390 Á).

Coniposition o f  Epidermis
Table II sum m arizes the stereologic data  of 

epiderm is a t  both locations expressing the mor- 
phom etric p aram eters of epithelial tissue compo- 
nen ts per un it volume of total epiderm al tissue. 
The epiderm is of both sites showed sim ilar charac- 
teristics, i.e., both revealed the sam e pa tte rn  of 
epiderm al com ponent varia tions th roughout the 
s tra ta , from the basal to the g ran u la r layers. (Fig. 
1). These variations consisted m ainly of: a m arked 
decrease of the rela tive volume of nuclei (from 
approxim ately 26% in the basal layer to 5% in the 
g ran u la r layer), a decrease of the rela tive volume 
of the metabolically active organelles (from 8% to 
4% in the basal and g ran u la r layers, respectively),

T a b l e  I. Epidermal thickness (in /¿ m j

Iliac  Sub-
crest m am m ary  

región región

In epithelial ridges 119 ± 8 104 ± 15
Over connective tissue papillae 42 ± 3 38 ± 7
Random 81 ± 5 56 ± 10
Stratum  corneum 7 ± 1 7 ± 1

an increase in the volume density of filam ent bun- 
dles (from approxim ately 15% in the basal layer to 
27% in the g ran u la r layer), decreasing volume 
densities of in te rcellu la r space and nonkeratino- 
cytes, and only a slight increase in the relative 
volume of the cytoplasmic ground substance.

The num ber of desmosomes increased approxi­
m ately 4 tim es from the basal to the g ranu la r 
layer (12 desmosomes/100 /xm- field in the s tra tum  
basale to 47 desmosomes/100 joim2 field in the s tra ­
tum  granulosum ). The nucleus to cytoplasm vol­
ume, and surface ratios, decreased in a sim ilar 
pattern  from the basal layer to the surface (from 
approxim ately 0.4 in the basal layer to 0.06 in the 
g ran u la r layer).

Organelle Density Gradients
In order to e lim ínate the varia tions in s tra ta  

composition caused bv the heterogeneous distribu- 
tion of the in tercellu lar space, nonkeratinocytes, 
and nuclear volume fractions, and to compare the 
data of epiderm is a t the two different sites, the 
resu lts were expressed in relation  to one un it vol­
um e of epithelial cytoplasm. F igures 2 and 3 show 
grad ien ts of the most im portant cytoplasmic con- 
stituen ts.

The m itochondrial, ribosomal, and endoplasmic 
reticulum  volume fractions showed a m arked de- 
crease from the  basal to the g ran u la r layer. 
Slightly decreasing grad ien ts could be observed in 
the volume densities of the Golgi apparatus and 
cytoplasmic vesicles. The volume fraction occupied 
by bundled filam ents increased from the basal to 
the upper spinous layer, exhibiting a relative de- 
crease in the g ran u la r layer. Non-bundled cyto­
plasm ic filam ents were presen t in the basal layer 
only, accounting for 0.7% and 1.5% of the cytoplas­
mic volume in the subm am m ary and iliac crest 
epidermis, respectively. The diam eters of single 
cytoplasmic filam ents were sim ilar a t both sites 
and in all s tra ta  (range, 72 to 86 Á).

The volume density of the m em brane-coating 
granules increased graduallv  up to the lower spi­
nous layer and m arkedly throughout the two re- 
m aining superficial s tra ta . K eratohyalin  was pre­
sent in the g ran u la r layer only, representing  5% of 
the cytoplasmic volume. The volume fraction of 
the cytoplasmic ground substance rem ained rela- 
tively constant th roughout the four layers.

Differences in volume densities of cytoplasmic 
components between the two epiderm al localiza- 
tions were insignificant.

DISCUSSION

Previous descriptions of the u ltra stru c tu ra l as- 
peets of epiderm is have been essentially  qualita- 
tive. W hile subjective observations are necessary 
in order to provide an in itia l estim ation of the 
cellu lar u ltras tru c tu re  and of epiderm al differen­
tia tion , an objective q uan tita tive  analysis of sys- 
tem atically  sam pled tissue is an unavoidable step 
to obtain m eaningful and unbiased d a ta  on the 
epiderm al cytoarchitecture. In th is  way subjective



F ig . 1. Composition of submammary (upper parí) and iliac crest región (lower part) epidermis. For each of the 
four stra ta  the epidermal constituents are expressed in mm:! per 1 cm 1 of epidem ial stratum  (for abreviations see 
Table II) (x 2700). Bar = 5 ¿im.

factors which can distort the real b iostructural 
composition of the epithelium  are elim inated, 
yielding reliable d a ta  adequate for com parative 
purposes. This type of m orphom etric evaluation 
recently has been applied to the analysis of num er-

ous pathologic and experim ental conditions in 
liver, lung, kidney 118-241, and m any other tissues 
including oral mucosa [401.

The present study provides stereologic baseline 
data  of the norm al hum an epiderm is for compari-
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T a b l e  II. Sterologic parameters of normal epidermis at twn different sites
S tra tu m  basa le  S tra tu m  spinosum  ÍL) S tra tu m  spinosum  (U) S tra tu m  granu losum

P aram ete r" Subm am - 
m ary  re ­

gión
Iliac c rest 

región
Subm am - 
m ary  re ­

gión
Iliac crest 

región
Subm am - 
m ary  re ­

gión
Iliac crest 

región
Subm am - 
m ary  re ­

gión
Iliac crest 

región

Sv PM 0.74 0.91 1.08 1.13 1.11 1.21 0.99 1.01
±0.07 ±0.19 ±0.21 ±0.18 ±0.10 ±0.24 ±0.10 ±0.15

Vv ICS 2.47 0.61 1.87 0.73 0.90 1.48 0.03 -
±3.21 ±0.81 ±2.20 ±0.91 ±1.09 ±1.90 ±0.06

Vv NK 101.00 33.00 4.63 24.20 2.74 3.30 0.42 0.56
±52.00 ±39.00 ±3.47 ±24.80 ±2.73 ±2.20 ±0.84 ±1.12

Vv N 259.00 275.00 154.00 125.00 118.00 105.00 40.00 71.00
±32.00 ±62.00 ±86.00 ±43.00 ±53.00 ±53.00 ±15.00 ±26.00

Sv NM 0.30 0.31 0.18 0.15 0.12 0.15 0.05 0.08
i  0.06 ±0.09 ±0.08 ±0.05 ±0.06 ±0.04 ±0.01 ±0.04

Vv CY 636.00 6.90 838.00 850.00 877.00 890.00 959.00 926.00
136.00 ±49.00 ±89.00 ±46.00 ±55.00 ±50.00 ±15.00 ±25.00

V, MI 19.07 19.10 19.09 17.62 12.62 12.00 10.76 10.04
í 4.18 ±2.72 ±4.75 ±5.82 ±4.84 ±5.77 ±4.67 ±2.08

Vv RIB 24.86 24.00 28.29 23.30 20.01 22.00 20.66 21.00
±4.32 ±3.42 ±3.73 ±2.83 ±2.77 ±6.44 ±3.81 ±3.69

Vv ER 3.53 6.68 1.43 1.42 0.53 1.31 0.60 0.59
±1.29 ±3.74 ±1.53 ±1.97 ±0.45 ±1.28 ±0.43 ±0.40

Sv ER 0.27 0.31 0.08 0.07 0.03 0.06 0.03 0.02
±0.07 ±0.17 ±0.09 ±0.09 ±0.02 ±0.05 ±0.02 ±0.02

Vv GO 0.65 0.71 0.50 0.51 0.43 0.90 0.39 0.75
±0.32 ±0.44 ±0.20 ±0.30 ±0.30 ±0.57 ±0.30 ±0.31

Sv GO 0.06 0.05 0.03 0.03 0.02 0.04 0.02 0.03
±0.03 ±0.05 ±0.01 ±0.02 ±0.02 ±0.02 ±0.01 ±0.01

Vv VES 1.17 1.39 1.57 1.55 1.40 1.21 1.47 1.96
+ 0.25 ±0.43 ±0.43 ±0.22 ±0.42 ±0.47 ±0.46 ±0.39

Sv VES 0.14 0.14 0.09 0.09 0.07 0.06 0.05 0.07
±0.03 ±0.04 ±0.03 ±0.01 ±0.02 ±0.03 ±0.01 ±0.01

Vv LY 0.81 0.57 0.47 0.20 0.04 0.21 0.04 0.17
±0.43 ±0.32 ±0.35 ±0.09 ±0.06 ±0.20 ±0.08 ±0.22

Vv MCG 0.02 0.06 1.14 1.39 9.07 7.61 11.54 10.94
±0.02 ±0.03 ±0.59 ±0.11 ±1.54 ±1.46 ±2.35 ±1.18

Vv FI 5.49 9.42 - - - - - -
±3.72 ±4.50

V, FIB 140.00 176.00 244.00 264.00 265.00 287.00 235.00 250.00
±12.00 ±35.00 ±31.00 ±40.00 ±29.00 ±14.00 ±12.00 ±34.00

V, KH _ _ — — - 52.80 45.66
±4.39 ±11.83

Vv MEL 6.74 10.07 1.31 0.52 1.28 0.19 0.31
±4.79 ±1.74 ±0.59 ±0.66 ±0.50 ±0.56 ±0.09 ±0.81

Vv GLY 0.02 — 0.68 0.76 0.11 0.22 - -
±0.04 ±0.92 ±0.80 ±0.09 ±0.33

Vv LD 1.54 0.41 0.04 0.15 0.09 - - 0.03
±2.22 ±0.35 ±0.04 ±0.12 ±0.08 ±0.04

Vv CGS 437.40 448.14 539.60 537.13 567.15 555.76 525.80 586.91
±26.00 ±27.00 ±59.00 ±14.00 ±50.00 ±53.00 ±21.00 ±22.00

N/CY 0.42 0.41 0.20 0.15 0.14 0.12 0.04 0.08
±0.06 ±0.13 ±0.12 ±0.06 ±0.07 ±0.07 ±0.02 ±0.03

SN/SPM 0.42 0.35 0.18 0.15 0.12 0.14 0.06 0.08
±0.05 ±0.08 ±0.09 ±0.06 ±0.07 ±0.06 ±0.01 ±0.04

ND 12 15 40 36 51 41 47 46
±3 ±3 ±4 ±4 ±15 ±2 ±12 ±4

" Surface densities (S,.) are expressed in rrr per cm:l of epidermal stratum , volume densities (V,.) in mm1' per cmJ 
of epidermal stratum , and the number of desmosomes iND) is expressed per 100-/xm~ ñeld. PM = plasma 
membrane; ICS = intercellular space; NK = nonkeratinocytes; N = nuclei; NM = nuclear membrane; CY =■ 
cytoplasm; MI = mitochondria; RIB = ribosomes; ER — endoplasmic reticulum; GO = Golgi apparatus, VES — 
vesicles; LY = lysosomes; MCG = membrane-coating granules; FI = filaments; FIB = filam ent bundles; KH = 
keratohyalin; MEL = melanosomes; GLY = glycogen; LD = lipid droplets; CGS = cytoplasmic ground substance; 
SN = surface of nucleus; SPM = surface of plasma membrane.
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F ig. 2. G radients of volume and surface density of 
several im portant cytoplasmic components.

son and better understanding  of pathologically al- 
tered stratified squam ous epithelia. Several au- 
thors have reported in te resting  num érica] resu lts 
em ploying nonstereologic m orphom etric tech- 
niques applied to some isolated param eters in sun- 
light-exposed and psoriaíic epiderm is [25,28,29]. 
These studies estimated, among other components, 
keratinosom es, desmosomes, and filam ents. Com- 
parison of these resu lts between them selves and 
w ith the present data is difficult to carry out 
because different m orphom etric criteria, sam pling 
techniques, and m athem atical expressions were 
used.

Recently, modern stereologic methods have been 
applied to mouse [32,38] and ra t  epiderm is,+ nor­
mal hum an palate  and buccal epithelia [37,381, 
and oral leukoplakias 1401. The data  obtained by 
these authors fall in the sam e range of m agnitudes 
as those here reported. Minor differences can be 
explained by varia tions in the u ltra stru c tu ra l cri­
te ria  and in the species and epithelia studied.

The essential findings of the present stereologic 
analysis are in general agreem ent w ith previous 
qualita tive studies 145-47], although in applying 
techniques of stereologic cytology, clear-cut n u ­
mérica! definitions of tissue and cell composition 
and of epithelial differentiation pa tte rn s are objec-

F ig . 3. Gradients of volume and surface density of 
Golgi apparatus and cytoplasmic vesicles.

tively obtained. In addition to th is obvious advan- 
tage, it is hardly conceivable th a t the cytoplasmic 
ground substance which shows a p lateau-like gra- 
dient throughout the s tra ta  in all keratin iz ing  
epithelia [37,41] and an exponential-like gradient 
in nonkeratinizing epithelia [38], could have been 
evaluated  by m ethods other th an  stereology.

On the other hand, evaluation of certain  compo­
nents in sections th a t are th icker th an  the struc- 
tu res them selves, e.g., ribosomes, glycogen g ran ­
ules, and individual cytoplasmic filam ents, is only 
approxim ate. This does not apply to filam ent bun- 
dles which are fairly gross u ltra stru c tu ra l constit- 
uen ts and usually  th icker than  u ltra th in  sections.

The stereologic study of epiderm is in other re- 
gions of the hum an body w ith different structu ra l 
and differentiation pa tte rn s as well as an analysis 
of the norm al sex and age varia tions seems desir- 
able before analyzing pathologic epithelia. In th is 
way it  would be possible to obtain valuable d a ta  on 
different diseases as has been the case while an a­
lyzing other tissues.
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