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EMBRYOLOGY OF THE EPIDERMIS: ULTRASTRUCTURAL ASPECTS 

Il. Period of Differe11tiatio11 in the Jvlouse wilh Mammalian Comparisons 

Larry W. Weiss and Alvin S. Zelickson 
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Abs1rac1. A detailed light and electron microscopic study or 
the cellular morphology of the epidermis in lhe 13 through 
16 day mouse fccus rcveals thac an occasional intermediate 
cell is interposed between the basal and peridermal layers 011 
day 13. All layers arc mitotically active. Tonofilaments, un­
associated with desmosomes, are present wichin thc basal cell 
cycoplasm and the mitotic axis of the basal cells has changed 
from a parallel to a pcrpendicular planc with respect to the 
e.pidermal surface. At 14 days, a complete stratum inter­
medium. composed of one or two cell layers, is present.
Rarely, developing hemidesmosomes are observed. Pools of
glycogen are present in all cells below the pcriderm. The
periderm is dense and no longer mitotically active. The
skein of filamcnts. present in the inferior cytoplasmic region
of the basal cells on days 12 and 13, is now absent. In the
15 day fetus. numerous developing hemidesmosomes .:tre 

prescnr. The stratum intermedium contains three to four 

layers of celJs, and filaments are located deep within the cyto­
plasm of these intermediate cells. Rarely, a few developing 
keratohyalin granules and keratinosomes are present. A 
stratum intermedium is no longer present in the 16 day fctus. 
This region is now composed of a stratum spinosum and a 
stratum granulosum. Numerous keratinosomes arc located 
in the upper stratum spinosum and lower stratum granu­
losum. The cells in the stratum granulosum are nucleated 
and the uppermost cells contain large keratohyalin granules. 
Th ree heterogeneous and one homogeneous type of kera to­
hyalin granule is described. Oense bodies are present within 
mitochondria, nuclei, glycogcn pools and the peridermal 
cytoplasm. The periderm is no longer dense and glycogen 
and keratohyalin granules are not observed in this layer. 
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This second paper in the series on the detailed 

morphology of the developing mammalian epi­

dermis covers the period from the time the periderm 

has become established to the last day prior 10 the 

formation of the stratum corneum. In the mouse, 

this includes days 13 through 16 inclusive: a com­

plete layer of periderm having been formed on day 

21 -752805 

12. During this time, and as a prerequ1s1te for

keratinization, the germinative Jayer gives rise to a

stratum intermedium which subsequently differen­

tiates into a lower stratum spinosum and an upper

stratum granulosum.

Hanson (I 5) has described the light microscopic 

morphology of developing mouse and rat epidermis 

during this period. Others have also investigated the 

general morphology or specific aspects of the 

developing epidermis <luring portions of this stage 

of development in the mouse (8-10, 23, 24, 3 I, 32). 

Morphological features comparable to those in 

developing mouse epidermis during the period under 

consideration have also been observed in the rat 

(1, 2, 12) and human (3-5, 7, 16-19, 22, 26, 27, 

33-36).

MATERIALS AND METHODS 

C57Bl/6 mousc fetuses, 13 through 16 days of age, were 
taken at 24 hour intervals and processed for light and 
electron microscopic studies. The reader is rcfcrrcd to the 
first paper of this series for dccails of this proce<lure which is 
similar in all respects to that used in the present invcstigation 
(32). 

OBSERVATIONS 

13 day embryo. In addition lo the basal layer and a 

complete layer of periderm, the developing epidermis 

contains occasional intermediate cells (Fig. I). There 

appears to be an increase in the number of developing 

desmosomes. Hemidesmosomes are not present. 

Mitotic figures are observed in all layers. The 

mitotic axis of the basal cells has changed from a 

parallel to a perpendicular plane with respect to the 

epidermal surface. Ooe daughter cell remains in the 

germinative Jayer and the other goes to the inter­

mediate Jayer after mitosis. The whole epidermis is 
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Fig. I. Survey of the developing I J day fetal mouse epi­

dermis. Note the intermediate cells (S) between thc pcriderm 

(P) and basal layer (B). BL - basal lamina. • 6 500. 

more cornpact because the extracellular space has 

decreased in extent. 

The morphology of the basal cells is similar to 

that of day J 2. The band of filaments inside the 

lower basal cell membrane appears to have in­

creased in width (Fig. 2). Many microtubules are 

present in non-mitotic cells. For the first time, 

wisps of tonofilarnents appear to lie free deep within 
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the basal cell cytoplasm (Fig. 3). The morphology of 

the cells in the intermediaie and peridermal layers 

is similar to that of the basal cells. These cells lack 

free cytoplasmic tonofilarnents but rnicrotubules are 

present. The peridermal cells are flattened and have 

attenuated processes. 

14 day embryo. There are one or two layers of 

cells in the stratum intermedium (Fig. 4). Both 

Fig. 2. A skein of filaments 

(F) is present just inside the

inferior basal cell membrane

of the 13 day mouse fetus. 

BL= basal lamina. M 

mitochondria. x 37 250. 



Fig. J. Frce filaments (F). unassociutcd with desmosomes 

and not parallcl to thc cell membranc, uppear decp within thc 

basal and intermediate cells are mitotically active 

but mitotic figures are rarely observed in the peri­

dcrm. The basal lamina has incrcased in thickness 

and occasionally developing hemidcsmosomes are 

present along the infcrior basal cell membranes. 

Developing desmosomes are most numerous in the 
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basal cell cytoplasm for the first lime. umcrous micro• 

tubules (MT) are present also. 13 day mouse fctus. ·< 35 150. 

stratum intermedium. Both light and dark basal 

cells, depending upon the quantity of ribosomes and 

glycogen, are present. 

Pools of glycogen are present in the cytoplasm of 

all cells below the periderm (Fig. 4). Numerous 

mitochondria are often in close proximity to the 

Fig. 4. Survey of the de­

vcloping 14 day remi mouse 

epidermis. Notc the dense 

peridcrm (P) with few micro­

villi. the pools of glycogen 
(G) in the two cell layers of
the stratum intcrmcdium and 
in the dark basal cells. BL 

basal lamina. 6 850. 
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Fig. 5. Survey of the epidermis of thc 16 da)' mouse fetal 
epidermis. The peridcrmal cells (P) are no longer dense. 
Small. dense keratohyalin granules (K) are present in the 
developing stratum granulosum. Large concentrations ol 
glycogen (C) persist in all layers bencath the periderm. BL

basal lamina. '< 4 250. 

periphery of the glycogen areas. Few microtubules 
are observed in 11011-mitolic cells and the inferior 
layer of cytoplasmic filaments in the basal cells are 
not present. The elongated nuclei of the periderm 
are d:nse and no mitotic figures are present. The 
peridermal cytoplasm is dense roo, bur no glycogen 
is present. There area few microvilli on the surface. 

15 day embryo . The stratum intermedium contains 
three to four cell layers. The inferior surface of the 
epidermis is more irregular and numerous developing 
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hemidesmosomes are present along the inferior 
basal cell membranes. Hemidesmosomes develop 
in a manner similar to desmosomes but are apposed 
by the basal lamina rather than by an adjacent cell 
membranc. Filaments are associatcd with hemi­
desmosomes as well as with desmosomes. 

The basal and lower intermediate cells are similar 
in mos! respects. M itotic figures and glycogen are 

present in both. Free cytoplasmic filaments are 
present for the first time in the intermediate cells. 
The upper portion of the stratum intermedium is not 
mitotically active and the cells are flattened. Rarely, 
a few small developing keratohyalin granules and 
keratinosomes are present in these cells. The Golgi 

Fig. 6. Portions of two basal cells of the 16 day felus are 
shown. Note the developing hcmidesmosomes (/-/), glycogen 
(G), nuclear pores (NP) and desmosomes (D). N portion 
of one basal cell nucleus. 11 000. 



Fig. 8. The graimlar cell just below the periderm contains 

two heterogeneous keratohyalin granules (K) composed of 
finely parliculate material and very clcctron-dense material. 

Three of the mitochondria (M) contain dense bodies whicb 
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Fig. 7. Heterogeneous kerat.ohyalin granules 

composed of dense particulatc material and 

ligbter oval lipoid structures are present in the 

granular cells just below the periderm (P). 

The heterogeneous nawrc of tbese granules is 

particularly evident in the keratohyali11 

granule located bctwccn the two mitochondria 

(M). Notc the numerous keratinosomes (at 

arrows) and the extensive Golgi area (G) in 

the lowermost cell. 16 day mouse fetal epi­

dermis. x 17 700. 

are surroundcd by a unit membrane which suggests formation 

inside the mitochondrial cristac. 16 day mouse fetal epi­
dermis. x 12 600. 
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Fig. 9. A dense body (at arrow) is present in 1he peridermal 

cytoplasm just below the nucleus ( f' N) and ano1her den se 

body (D) is located in the nucleus or a granular cell. Note the 

apparatus is well developed and glycogen is present 

also. The peridermal cells are dense and lack cen­

trioles, microtubules, glycogen and keratohyalin 

granules. 

16 day emb1yo. A stratum intermedium is present 

no longer. This intermediate region now contains a 

lower stratum spinosum and an upper stratum 

granulosum (Fig. 5). The periderm is present and 

the strntum corneum doe� no1 form until this layer 

is shed. The basal lamina and hcmidcsmosomes are 

well developed (Fig. 6). Glycogen is observed in all 

layers below the periderm. 

The stratum spinosum contains two or three cell 

layers and a few mitotic figures are observed in this 

layer. There are also two or three layers of cells in 

the stratum granulosum. The cytoplasm of the spiny 

cells contains tonofibrils which often appear lo have 

a periodic substructure. The greatest concentration 

of glycogen is located in the stratum spinosum. 

The uppermost cells of the stratum spinosum contain 

nurnerous keratinosomes which are concentrated in 

the distal portions of the cell cytoplasm adjacent to 

the granular layer (Fig. 7). The classical larnellar 

substructure is obscrved in some of them. Kera­

tinosomes are often located near the Golgi area also. 

The cells in the stratum granulosurn contain 

nuclei. The lowermost cells contain nurnerous kera­

tinosomes and small keratohyalin granules. Tono­

fibrils are distributed randomly in the cytopJasm and 
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!arge, dense homogeneous kera1ohyalin l;ranules and the 

concen1ra1ions or glycogen (G) within !he stratum granu­

losum. 16 day fe1al mousc epidermis. , 13 200. 

developing keratohyalin granules are often associated 

with them. The uppermost granular cells contain 

!arge keratohyalin granules.

Four morphologically distinct types of kcrato­

hyalin granules are present in these cells (Fig. 7).

One type of granulc contains dense homogeneous

material interspersed with particulate material (Fig.

8). The second type of granule contains one or two

oval, modc,·ately electron-dense areas, which may be

lipoid in character, surrounded by dense homo­

gencous material (Fig. 7). The third type of kerato­

hyalin granule has the combined characteristics of

the first two types (Fig. 7). The fourth type of

granule is composed of a homogeneous opaque

material characteristic of keratohyalin granules in

mature epidermis (Fig. 9). The mature type is the

least abundant at this developmental stage. All kera­

tohyalin granules appear to form in association with

tonofibrils and ribosornes. The heterogeneous types

appear to be formed first since they are larger and

are located in the uppermost granular cells.

Some of the mitochondria in the uppermost 

stratum granulosum contain small, ova.1 granules 

which are similar to keratohyalin granules with 

respect to homogeneity and opacity (Fig. 8). These 

granules are surrounded by a membrane which is 

separated from the dense body proper by a clear area. 

This suggests that the mitochondrial dense bodies 

may form inside cristae. Dense bodies are present 



also in nuclei and in areas of glycogen ( Fig. 9). These 

appear to lack a limiting membrane. Such dense 

homogeneous bodies are rarely observed within tl':e 
the cytoplasm of the pcridcrm aiso (Fig. 9). The 
periderm ( Figs. 7-9) has !ost most of its dense 
appearance and there is evidence of degeneration. A 

few vesicles, mitochondria, ribosomes and filaments 

are present within the cytoplasm. No glycogen or 

keratohyalin granules are present. The peridcrmal 

cells remain attached 10 e1ch other by desrnosomes. 

DISCUSSION 

The present observations agree with thos� of Hanson 

(15) and with Menefee's description of the 14 to 15

day epidermis (24) which corresponds to the 16 day

epidermis in the present study. Brody & Larsson
also described the ul trastructure of the 15- and

I6-day developing mouse epidermis (8). They, how­

ever. subdivided the epidermis in a different man ner,

based on the ultrastructural morphology of the

fibrils. They also described a five-layered attach­

ment specialization in addition to desmosomes and

they apparently did not observe the hetcrogeneous

keratohyalin granules which are present in the I 6

day fetus.
The period of rapid differentiation occurs from 

the thirteenth through the sixt2enth fetal day. On 
day 12, only a bi-laminar epidermis is present but 
by day 17 cornified cells are observed. In the 13 day 

embryonic epidermis, cells in all layers are mitoti­

cally active but thereafter no mitotic figures are 

observed in the periderm. The stratum intermedium 

begins to form during this time and these inter­
mediate cells are mitotically active. No mitoses are 

observed in the stratum granulosum after it develops. 

In humans, the stratum intem,edium forms al about 

the tenth fetal week (7, 27), and one to three layers 

of cells are present by the twelfth week ( 16). It is 

during this period of development that the total 

epidermal mitotic activity is at its pea!<. In the rat, 
the mitotic activity also reaches a peak just before 

differentiation and decreases as a cornified layer is 

formed (30). Keralinization in the rat occurs be­

tween the seventeer,th and twenty-first day of fetal 

Jife and, as maturation occurs, mitotic activity 

becomes restricted to the basal layer (I). Cell division 

must occur prior to differentiation and as the epi­

dermal cells become differentialed, the ability to 

divide seems lo be Iost. 
It is interesting to note that the basal cells change 

their plane of division just prior to the beginning of 

Embr yo/ogy of the epidermis. 11 327 

hem;desmosome formation and that the period of 

rapid cell proliferalion and differentia1ion occurs 

during this time. This change in the plane of cleavage 
of basal cells in the c:nbryonic mouse epidermis, 

from the beginning of stratification to the beginning 
of cornification, has been reported previousiy (29). 

A fcw immature hemidesmosomes are present at 

14 days in rhe fetal mouse and at 7 weeks in lhe 

human embryo (22). Al 14 days, intracellular 

glyc::igen is present in all layers except the periderm 

in the mouse. In the human embryo, glycog-en is 

present in both basal and peridermal cells during 

the second month (4. 6. 22. 35). Glycogen is observed 
in the human and mouse stratum intermedium (8, 

22). The periderm of the mouse <luring this period 

appears to be active in absorption and then becomes 

dense and subsequently degenerates. The pcriderm 

of Immans is more aclive and appears lo havc 

secretory and glycogenous functions also (3-5, 7, 

16-17, 33-36). 

Keratohyalin formation begins in the 15 day 

mouse fetus and the stratum granulosum forms a 

complete layer by day 16. The heterogeneous kerato­

hyalin granules, observed on day 16 and containing 

lipoid and particulate material, have been observed 

in embryonic mice (9) and rats (2). The various 
types of h�terog�neous granulcs appear simul­
taneously in the mouse bur in the rat they appear at 
successively older ages and are present in the stratum 

corneum at birth (2). Studies of dense homogeneous 

deposits in keratohyalin granules indicate that these 

are not artifacts but the density varies with the 

fixative emoloy�d ( 14). In the human fetus. kerato­
hyalin granules appear in the thicker regions of thc 

epidermis at the end of thc fifth month and in the 

sixth month the granules are present in other body 

regions (27). The heterogeneous types of keratohyalin 

granules have not been reported in man. 

Keratinosome formation begins on day 15 in the 

mouse fetus. In man, keratinosomes have been 

reported in the cells of the 14 to 16 week human 

fetus ( 16). Keratinosomes are located near the Golgi 

area when they are first formed (21, 25). In the 15 to 

16 day mous� fetal epidermis, keratinosomes fused 

with the cell membranes or located in the extra­

cellular space are not obsuved. 

Oense bodies are present in some rnitochondria 

and nuclei in the 16 day fetal mouse epidermis. In 

the rnitochondria, the granules are surrounded by a 
membrane which is separated from the dense homo­

geneous body by a clear area. This suggests that the 
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intramitochondrial dense bodies form inside cristae 
(31 ). Dense bodies in other locations lack a limiting 

membrane. These dense bodies have been observed 

in embryonic and postnatal mice (2, 8, 13, 20, 28) 

and in the rat ( 11 ). There is no evidence that the dense 

bodies attain a large size or disrupt the mitochondrial 

membranes. The presence of dense bodies in the 

periderm cytoplasm on rare occasions has not been 

previously reported to the best of the authors' 

knowledge. 
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