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Abstract. A detailed lighl and electron microscopic study of 

the cellular morphology of developing epidermis in the 7 to 

12 day mouse embryo reveals that a single layer of ectoderm 

is not presem un1il day 8. The 8-day embryonic cpitlcelium 

is characterizcd by the presence of microvilli, apical a1tach­

menL specializations, developing desmosorr.cs and a thin. 

immature basal lamina. The 9-day embryonic cpithelium is 

flatter and has both an increased numbcr of microvilli on 

the surfacc and an increased number of microtubules in 

association with developing desmosomes. On day 10, nu­

merous tleveloping desmosomes are associated with fine 

filaments in the regions of the attachment plaques. Occasional 

peridermal cells are present on day 11. Numerous granules 

are associated with 1he inferior cell membrancs of the 

superficial or uppermost cell processes. In the 12-day 

embryo. the periderm forms a complete layer. A skein or 
fine rilamcnts is present just inside chc basal cell membrane 

of the germinative cells and microtubules are morc 

abundant in the basal cell cytoplasm. 
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There have been many investigations of short periods 

of epidermal development as well as observations on 

certain of ils specific aspects. With the recent 

increased availability of human tissue, our knowl­

edge of the morphology of developing human 

epidermis has increased (7). Light microscopic 

observations of the rat and mouse, spanning the 

period from early epidermal development through 

the postnatal period, have been reported (14, J 8). 

Bonneville (3) has also reported on the ultrastructural 

aspects of the periderm, keratohyalin granules and 

the keratinization process in fetal rats, and DuBrul 

( I 2) has studied ultrastructural differentiation in 

the mouse. 

The present study was undertaken to provide a de­

tailed account of the general morphology, at the 

ultrastructural leve!, of the formation, subsequent 

development, and maturation of the mammalian 
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epidermis. This study is intended to provide a 

det;1iled account of the whole embryological and 

early postnatal spectrum of all morphological 

aspects of epidermal development. Due to the 

difficulty in obtaining human material of known 

gestational age and at regular lime intervals, the 

mouse was chosen for this investigation. Correlations 

b::twe�n electron and light microscopic observations 

in the mouse will be made as well as comparisons 

with published ultrastructural studies of human 

epidermal development. This repor! covers the 7-12 

day gestation period of the mouse. Subsequent 

papers in this series will deal with progressively more 

advanced stages of epidcrmal developmenl. 

MATERIAL AND METHODS 

Timed matings of virgin C57BI/6 fcmale mice, obtained 

from the Jacks:on Laboratories, Bar Harhor, M E. were used 

in this investigation. The day of mating was considered as 

day zcro in the determination or gestational age. Embryos 

were taken at 24 hour intervals beginning with day 7. The 

embryonic age is accurace to wi1hin::: 2 hours. 

Pregnant females of the dcsired gestational age were 

sacrificed by cervical dislocation, the whole uteri were 

,emoved and placed in cold saline. Each uterine segment 

which contained a 7-day embryo was isolated and these 

embryos were fixed in utero. Embryos 8 to 12 days of age 

were dissected free of uterine tissue and membranes under 

a binocular dissccting microscope. Embryos from each litter 

were then divided randomly into 2 groups; one for electron 

microscopic studies and one for lighl microscopy. Skin was 

removed from 1he mid-dorsolateral region of the animals. 

A minimum or 6 embryos from a minimum or 3 !illers were 

used for each age group and for each of 1he 2 respective 

groups. 

For light microscopy, the embryos were fixed in Bouin's 

fixativc, processed routinely and stained with haema1oxylin 

and eosin. For elcctron microscopy. only 8-12 day embryos 

were studied. These were fixed for 2 hours in cold buffered 

I �o osmium tetroxide, dehydrated in alcohol and embedded 
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in Epon (25). Thin sections wcrc cu1 on an LKB Ultratomc, 
stained with uranyl acetate (34) followed by lead citrate 
(30) and viewed wi1h an RCA-3G elec1ron microscope
operated a1 I 00 kV.

OBSERVATIONS 

7- and 8-day embryos. The 7-day embryo is cylindri­

cal. The ectoderm is unorganized and forms a thick

inner mass of cells. A single layer of ectodermal

epithelium is absent.

A simple cuboidal layer of ectodermal epithelium 

covers the dorsum of the 8-day embryo (Fig. 1) 
between the ncural platc and thc amniotic epi­
thelium. The cell membranes are in close proximity 

primarily at the proximal and distal lateral cell 

borders. A few immature attachment specializa­

tions, characterized by the close proximity of the 

cell membranes and the presence of adjaccnt homo­

geneous intracellular electron-dense material, are 

present at the apico-lateral cell boundaries ( Fig. 2). 

A few developing desmosomes are present and 

are usually located between the upper, outer portions 

of two cells. During desmosome development, both 

the adjacent cell membranes and the leaflets of the 

individual membrane.s becorne evenly spaced. The 

spacing between the outer leaflets of the two cell 

membranes is wider than that between the inner 

and outcr lcaflcts of each membrane respectively. 
The outer and then the inner leaflets seem to become 

increasingly opaque. Electron-dense material is 

present on the cytoplasmic side of the inner leaflets. 

Less electron-dense material is present in the extra­

cellular space of this region. An intercellular contact 
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Fig. /. Survey of 1he 8-day mouse 
embryonic epi1helium. No1e lhe 
single layer of cells, rnicrovi!li)M), 
developing apical attachement 
specializations (arro�1·s) and 

opaque lipoid inclusions (L). 

N nucleus. 5 000. 

Fig. 2. Apical altachment spccializations (arrow) between 
adjoining cells in 1hc 8-day mouse embryo are characterized 
by 1he close proximity of the cell membranes and the 
presence of densc, bomogeneous material as shown. M­

microvilli. x 22 200. 



layer develops, characterized initially by a series 

of small particles which later appear to become con­

fluent to form the characteristic dense line. The 

Jeaflets of the cell membrane subsequently increase 

in opacity and more electron-deose material is 

deposited in the cytoplasm adjacent to the inner 

leaflets. Very rarely, the more mature desmosomes 

are associated with tonofilaments (Fig. 3). These 

sweep in from the cytoplasm, closely parallel the 

attachment plaque, and then sweep out into the 

cytoplasm aga in. M icrotu bules are sometimes present 

near the desmosomes. Hemidesmosomes are not 

present. 

The basal lamina, composed of a thin, moderately 

opaque band of filamentous material, closely 

follows the smooth contour of the cells. Microvilli 

are present at the cell surface. A fcw fine filaments 

are sometimes visible within the microvilli. The 

nuclei are !arge, are located in the basal portion of 

the cytoplasm, and contain one or two nucleoli. 

The cytoplasm is filled with clusters of free ribo­
somes. The endoplasmic reticulum is not extensive, 

contains an amorphous material within its cisternae, 

and has contiguous rough and smooth areas along 

the membranes. Ribosomes are also associated 

with areas of the outer nuclear membrane. The 

Golgi apparatus is well-developed and is usual!y 

located in a supranuclear position. Oval and 

elongate mitochondria, containing a granular ma­

trix, are scattered randomly in tbe cytoplasm. 

Centrioles are present and the cells divide in a 

plane parallel to the surface of the ectoderm. 

Desmosomes remain intact <luring the mitotic 

process. Microtubules are present in non-mitotic 

cells. They are located near the cell membranes and 

are often clustered near developing desmosomes. 

A few vesicles containing an amorphous material 
are present near the basal aspects of the cells. 

Largcr, very opaque lipoid inclusions are often seen. 
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Fig. 3. Developing desmosomes 
(arrows) are c.ommonly observed 
and rarely a more malurc 
desmosome (at D), containing 
an intercellular con1ac1 layer 
and assoc.iatcd tonofilaments, is 
present. Eight-day mouse 
embryo. >< 54 700. 

9-day embryo. The ectoderm of this stage is similar

morphologically in many respects to that of day 8 

but a few changes are noteworthy. The epithelium 

is more flattened and there is more intercellular 

space. A greater number of developing desmosomes 

0 

J. 
\. 
t-'J'., ,t ; 

(� 
_s:-,.·· 

Fig. 4. Survey of the junctional area bctwecn two epithelial 
cells and their developing artachment specializations (arrows).

The n1orc devclopcd desmosomes are located toward the 

outer portions of the cells. M = microvilli, B= developing 
basal lamina. x 26 800. 
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Fig. 5. Developing desmosome; in the 9-day mouse embryo 
are frequently juxtaposed by microtubulcs. Microtubules 
(arroll's) arc oriented bolh parallcl and perpendicular to the 

are present (Fig. 4) and more microtubules an: 

present in juxtaposition to the desmosomes (Fig. 5). 

The microtubules are oriented both parallel and 

perpendicular to the long axis of the desmosomes 

and some of them extend far into thc cyloplasm. 

Other microtubules are in juxtaposition to apical 

junctional attachment specializations (Fig. 6). 

More microvilli are present. The basal lamina is 

very thin and no basement membrane is visible by 

light microscopy. Mitotic cells are observed fre­

quently. The Golgi apparatus is more extensive and 

better developed. There are fewer lipoid inclusions 

and most of them have !ost much of their electron 

opacity. 
10-day embryo. The cells are less flattened and less

extracellular space is present. There are fewer 

. 
. 

M�,,,,,-� 

dcsmosomes and have an outer diameter of approximately 
200 Å. / 83 JC0. 

microvilli. The apical attachment specializations are 

well developed. Numerous developing desmosomes 

arc associated with tonofilaments. Hemidesmo­

somcs are absent. The basal lamina has increased 

slightly in width. Fewer microtubules and lipoid 

inclusions are present. The Golgi apparatus 

appears to be very active. Numerous vesicles are 

present in the apical cytoplasm near the Golgi 

apparatus. 

11-day embryo. Occasional periderm cells are

present above the basal layer of the developing 

epidermis. These cells are very flattened and have 

long cytoplasmic extensions overlapping a number 

of basal cells (Fig. 7). Apical attachment spcciuliw­
tions are present between peridermal cells or be­

tween periderm and basal cells also. Filamentous 

'. 
i� 
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Fig. 6. M icrotubules (arrows) 
are present near developing 
apical atlachment specializa­
tions (A). M=microvilli. 
X 49 200, 



Fif(. 7. Survey of the 11-day cmbryonic mousc epilhelium. 
Note the numerous cell processcs. Occasion,11 peridermal 

material i' associated with the desmosomes and few 
micro1ubules arc present. Both the basal and 
pcridcrmal cells are mitotically active. Long rows of 
membrane-limi1ed granules which contain an amor­
phous, electron-den�e material are often located in 
the basal region or the superficial cell processes 
(Fig. 8). None of these dcnse granules were noted 
to have fused with the cell membrane. A fcw fine 
filaments are also present in the superficial 
processes. 

12-day embryo. The developing epidermis is now
a fully stratified epithelium which contains a com­
plcte upper layer of periderm and a basal Jayer. The 
long axes of the basal cells are oricnted perpendi­
cular to the surface of the epidermis. There are 
numcrous cell proccssc;, bctwccn the cells and a 
substantial a:nount of extracellular space is present. 
The developing dcsmosomes in the upper ponion are 
more developed than thosc between the lower 
portions of the basal cells. Some of the basal cells 
have a series of short processes which project into 
the dermis (Fig. 9). A dense skein of filamer:ts is 
present just insidc thc lower basal cell membrane in 
a number of cells. These filaments extend across 
the full width of the cell (Fig. 10). Micro1ubules 
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cells are present at this age. B basal la mina; N nuclcus; 
P pcridermal cell process. I 0 300. 

are present just above this band ofFilaments. Micro­
tubules again are plentiful throughout the basal cell 
cytoplasm (Fig. 11). Rows of vesicles containing 
opaque materialare no longer present in the superficial 
cell proccsses. The periderm also contains a few 
fine filaments and micro1ubules. B01h cell layers are 
mitotically active and havc a similar content and 
distribution of typical cell organelles. 

DISCUSSTON 

The present observations on epidcrmal dcvelop­
ment in the mouse are in agrecmen1 with thosc of 
other investiga1ors, although minor differences occur 
in the correla1ions of morpho)ogy with embryonic 
age ( 12, 18). Thcse differences are probably duc to 
different methods utilized in the determination of age 
and to the different s1rains of mice used. The mor­
phology of developing mouse epidermis also cor­
relates well with early developmeatal stages in the 
rat (14, 18) and human (6, 7). 

Reinius (29) found that no presumptive epidermal 
ectoderm is present in the 7½-day mouse embryo. 
In the 8-day embryo, a simple layer of ectoderm is 
present on the dorsal trunk (I, 35-37). The establish-

Fig. 8. Membrane-limited 
granulcs. 1 to 2 /lm in dia­
meter, are often present in 
ro"s along the inferior aspect 
of the superficial pcriderrnal 
cell processcs (P) of 1he 11-day 
mousc embryo. B= basal cell 
process. 61 350. 
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ment of the surface epithelium follows an orderly 
sequence of morphological events (26): cell adher­
cnce, microvilli formation, attachment spccialization 

developmeot, basement mcmbrane formation, and 
formation of intracellutar filaments. 
11 Attachment spccializations form first at the apico­
lateral cell borders. Thcse apical specializations are 

not desmosomes but the techniques employed here 
do not demonstrate clearly whether these are 

classical tight junctions (13) or gap junctions (15, 

16, 43). Desmosomes seem IO develop first between 

the upper portions of the cells. There is general 
agreement concerning the morphologicat events 
characterizing desmosome formation in amphibians 
(26), birds (27) and mammals (7, 35, 37). The 

material forming the desmosomal attachment 
plaques seems 10 dirfer chemicully frorn that of thc 

cell membrane and intercellular contact layer (I J, 

24, 44). The factors involved in determioing the site 

of desmosome formation are unsolvcd. In the chick 

embryo, unpaired desmosomes betwecn two cells arc 

iocapable of inducing thc formation of their counter­
parts in opposing cells (27). 

The basal lamina appears lo be formed very early 
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Fig. 9. Short basal cell 
proccsses (at BP) ex1end to­
ward 1he dermis. The basa Ila m­
ina (arrows) closely approxi­
mates tbe irregular contour 
of thc basal cells. A portion 
of a mito1ic cell (M) i� sho\\n 
on 1he righl. Twclve-duy 
mouse embr)o. JO 050. 

in development. Therc is coovincing morphological 
evidence that developing chick corneal epithelium 

forms its owo basal lamina (17, 32, 33). Immuno­

histochemical evidence also suggests that many 
basement membrancs in thc mouse embryo are 
formcd by thc overlying epithelial tissue (28). 
Recent work with epidermal-dermal recombioants 

and grafts shows convincingly that adult human 

skin also forms its own basal lamina (10). There is 

no good morphological evidence of the source of the 

basal lamina in the developing mousc or human 

embryonic (6) epidermis. 
Filameots are the last structures to appear in 

association with developing desmosomcs (6, 7, 26, 
27, 35, 37). Few filaments are present duriog the 
early stages of cpidermal developmeot. The micro­

tubule� noted in 1he present study have beeo ob­
served previously in embryonic epidermis (5, 35-37). 
No correlation bctweeo the presence and orienta­

tion of microtubules and the change in cell shape is 

noted in this study. The association of micro­
tubules with developing desmosomes suggests that 
microtubules may have a role in maintaining ceJI 
shape. The microtubules which are located in the 

Fig. JO. A narrow skein of fila­
mc,Hs (arrows) is located just 

inside the inferior basal cell mem­
brane and micro1ubules are 
present just above the filaments. 
The basal lamina (B) is about 
400 Å widc. 19 600. 



basal region of the germinative layer of the 12-day 

embryo have a more orderly arrangement and 

may, together with the basal skein of filaments, 

provide some support. The basal cells must support 

the overlying periderm and they still lack the 

stabilization provided by hemidesmosomes. The 

basal layer of filaments has been observed in the 

basal cells of chick embryos (23), in cultured basal 

cells (38), in embryonic mice (22) and in human 

(6-8) basal cells. 

The periderm forms a complete layer in the 12-day 

mouse embryonic epidermis. The presence of micro­

villi, seen on the surface first of the ectoderm and 

then of the periderm, suggests that the periderm 
has an absorptive function in addition to its pro­

tective rote. There is no clear evidence of a secretory 

function in either the mouse or the rat (3). In the 
human, the periderm appears to have both a 

secretory and a glycogenous function (4, 6, 7, 9, 

19-2 l, 39-42). In the mouse, tbe periderm lacks

glycogen deposits. In the human, the periderm is

formed in the fourth embryonic week of develop­

ment (3 I). The developing epidermis of human

(31) and monkey (2) during approximately the first

month of embryonic life is similar to that of the

8 to 9 day mouse embryonic epidermis.
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Fig. 11. Developing desmosomcs 
(D) arc present betwcen tbc 
basal and peridermal cells. Note 
microtubules (arrows), randomly
located in the cytoplasm, and
vesicles. Twelve-day mouse 
embryo. x 24 900. 
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