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Abstract. Dermal cells maintained in cultured human skin 
explants for up to JO weeks were studied by electron 
microscopy. Common findings in thc cell organelles were: 
I) al te red nuclear shapes an<l numerous nuclear bodies: 2)
reduced rough endoplasmic reticulum: 3) a prominent
Golgi complex: and 4) an increasing number of free ribo­
somes. mitochondria. glycogen granules. lysosomes and
lipid droplets. The individual types of dermal cells showed
various cytoplasmic changes according to duration of the
culture. Thefibroblasts dbplayed a moderately developed
rough endoplasmic reticuJum. The macroplwges were
filled up with lysosomes and residual bodies. The masr 
cells showed typical as well as atypical granules. The
smooth muscle cells had a variable contenl of myofila­
ments. The pericytes and the smooth muscle cells. both
surrounded by a basal lamina. became increasingly diffi·
cult to discem from each other as a consequence of the de­
creasing number of myofilaments in the latter. The endo­
thelial cells were recognized because of the preserved
blood vessel architccture. Besides the above-mentioned
cell types, two other types appeared with the culture time.
The 11nide111(f)able cells were characterized by dense
zones of the cell membrane and an adjacent extracellular
basal lamina-like matedal. This cell type may be derived
from the pericytes of the small blood vessels. The primi­
tive cells had a large rounded nucleus and a cytoplasm
with few organelles. This cell type is assumed to rep­
resent a precursor cell common to various cell types.
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The experimental studys of diseased skin has been 
restricted because of the lack of suitable laboratory 
models. The skin organ culture is proposed to be a 
valuable tool in experimental studies on human skin 
(26). Before introducing skin organ culture to 
pathological and experimental conditions, it is 
necessary to know the morphological and 
biochemical events associated with the in i·itro con­
dition of normal skin. 

It has been claimed that the ultrastructural 
changes of cultured normal skin occur in the 
epidermis, while the cellular changes of dermis are 
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hitherto unknown (26). Sarkany & Gaylarde (31) re­
p ort ed that human skin explants culturcd for up to 3 
days reveal no ultrastructural changes in the der­
mis. However, previous publications from this lab­
oratory documented that long-term cultured normal 
human skin showed resorption of the acellular 
compartment of the connective tissue (19). Several 
dermal cells, i.e. fibroblasts, macrophages, uniden­
tifiable cells and smooth muscle cells participated in 
this resorption process (20). Thus, evidence has 
been presented that the dermis of s:Cin explants 
changes during culture. Furthermore, previous ul­
trastructural studies demonstrated age-associated 
changes occurring in cultures of isolated derrnal 
cells (8. 27). Similar morphological findings may be 
expected in cells of cultured skin explants. There­
fore, the purpose of this study was to follow the 
time sequence of changes appearing in dermal cells 
and their relation to duration of culture. 

MATERIALS AND METHODS 

The origin and preparation of skin, conditions of cultures 
and procedures of electron microscopy have previously 
been described (19). The skin explants were grown in 
Falcon® organ culture dishes in Eagle's MEM 
supplemented with 20% fetal calf serum. antibiotics and 
HEPES at 37°C in 5 o/i- CO, in atmospheric air. 

The explants were fix ed in 3 % glutaraldehyde of caco­
dylate buffer. pH 7.4. with 7 .5 % sucrose for one day. and 
postfixed in l % osmium tetroxide for one hour. de­
hydrated in ethanol and embedded in Epon 812. Thin 
sections were stained with lead citrate and uranyl acetate 
and studied with a Siemens electron microscope (El­
miskop I A). 

RESULTS 

Cultured dermal tissue showecl disintegration of 
some cells in the first culture week. The ultrastruc­
ture of the cultured cells was not identical with that 
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Fi,: . I a. Skin explant culturcd for one week shows com­
plete collagen fibril resorption. The epidermis (E). der­
mo-epidermal junction (arrows) and fibroblasts (F) are 
prcserved. xJOOO. 
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Fil(. I b. A tibroblast cultured for 3 weeks hasa prominent 
Golgi complex (G). fairly well developed rough endoplas­

mic reticulum with dilated cistemae (asterisks) and some 
lyso�omes (L). x7 500. 
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of cells in vivo although some of the characteristics 

of the different cell types were preserved. The on­

set of the changes occurred same 3-5 days after 

cu\ture initiation. The changes became distinct <lur­

ing the second and third culture week, while further 

cultivation caused no additional findings. No differ­

ences were found between skin explants obtained 

from individuals of differing age and sex or taken 

from different anatomical regions. 

A. Common c/wnges af cell organel/es

Nuclei were either irregularly shaped with deep in­

folds (Fig. I a) or rounded (Fig. 4c). In the latter 
type, the chromatin granules were evenly scattcred 

in the karyoplasm, while they conglomerated in the 

nuclear periphery. One or two prominent nucleoli 

Fig. 2 a. After 6 weeks of 
culture the connective tissue 
is without collagen fibrils. 
while the elastic matrix (EM) 
remains. The macrophage 
shows an abundance of sec­
ondary Jysosomes (L) and a 
few cytoplasmic projectioos 
(arrows). Note the intracellu­
lar elastic matrix (asterisks). 
X2700. 
Fig. 2 b. The content of the 
secondary Iysosomes varies 
considerably. ><27 000. 

were present. In the former type, the chromatin 

granules formed large conglomerates along the in­

ner surface of the nuclear envelope as well as in the 

karyoplasm. After the third week of culture, the 

cells with rounded nuclei became frequent. Nuclear 

fibrous lamina appeared in most cells cultured for 

more than one week. An increased number of nuc­

lear bodies (approx. 35 %) occurred in both types of 

nuclei during the culture period. No significant dif­

ferences were found between numbers of nuclear 

bodies and shapes. 

Ribosomes and endop/asmic reticu/11111. After 1-2 

weeks of culture, the number of free ribosomes 
increased. while fewer ribosomes adhered to the 

endoplasmic reticulum (RER). The cisternae of the 

RER became widened with an amorphous content 
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Fi;1. Ja. A mast cell in an explant cultured for 3 days 
shows some atypical granule, (arrow,). x I 4 250. 
Fil(. J b. Higher magnification of the framed area in Fig. 
3a demon,trates atypical granules with dense cores (ar­
rows). X28500. 
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Fig. 3 c. After 6 weck, of culture a ma�t cell appears with 
few cytopJ,15mic , illi and peripherally arranged grantlle�. 
A prominent Golg1 compleA is seen (framed area). 
Xl4250. 

Fif.!. J d. The Golgi complex of Fig. 3 c show, pro-granulc, 
(arrows) adjacent to the Golgi cistemae. x28500. 
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( Fig. I 11. I h \. The srnooth surfaced endoplasmic 
reticulum was also present. No additional changes 
of either type of endoplasmic reticulum were 
noticed in the 3-10-week cultures. 

Golg i comple.r. During the culture period. this 

cell organelle became prominent and consisted of 

numerous vcsicles and flattened cisternae with an 
electron-lucent content (Figs. I h, 3c). The Golgi 
cornplex occupied !arge areas of the juxtanuclear 
region. 

Mitocl1l111dria of the cultured cells generally 
showed a slight increase in number. 

G/ycogen f.ira1111/es accumulated in the cytoplasm 
of some cells cultured for more than one week. 

Lipid droplets were found in cells cultured for 
more than 3 weeks. 

Lysosomes. The number of lysosomes increased 
during the culture period. The primary lysosomes 
were relatively less increased than the secondary 

lysosomes and the residual bodies. The number of 
lysosomes in various cl"II types showed consider­
able differences. The content of thcse plcomorphic 
structures was either a dense homogeneous and fine 
granular material. concentric lamellae. vesicles. or 
degraded collagen fibrils (Figs. I h. 2a. 2h). 

B. Chanttes <i(speci:fic cell l_\'pes

I. Denna/ cells wil/10111 s11rro1111ding hasa/ /ami11a. 

Thefihrobla.,·rs were characterized by I) an exten­
sive RER which was frequently dilated and filled 
with an amorphous material. 2) the large number of 
ribosomcs, and 3) the well-developed Golgi com­
plex (Fig. la). This cell type was among the most 
frequent before cultivation. but it became less fre­
quent as the culture proceeded. After 2-3 weeks of 
culture. typical fibroblasts were an exceptional find­
ing. The majority of cultured fibroblasts appeared 

less active according to the moderately developed 
RER. Among the increased number of lysosomes. 
the secondary lysosomes and the residual bodies 
became progressively more frequent in cultured 
skin explants (Fig. I b ). Along the cell membrane, 
an increasing number of surface vesicles bec?.me 
evident. Occasionally. den se zones of the cell 
membrane of cultured fibroblasts appeared. Deli­
cate filaments approx. 6-8 nm in diameter were 
present in some cells. These filaments appeared in 
parallel arrays along the cell membrane or adjacent 
to the nucleus. 

The macrop!tagcs were characterized by I) the 

sparse RER. 2) the well-developed Golgi complex. 
and 3) the !arge number of lysosomes (Fig. 2a, 2b). 

During the culture period, the macrophages con­
tained an increasing number of primary and second­
ary lysosornes and residual bodies. Some surface 

vesicles were seen along the cell membrane. The 

cells often engulfed collagen fibrils or elastic fibres. 
The cell membranes showed finger-like projections 
which decreased in numbcr with the culture lime. 

The mast cells were characterized by their con­
tent of I) specific granules with parallel-arranged 
lamellae and a fine granular material, and 2) cyto­
plasmic villi (Fig. 3a. 3c). During cultivation the 
cytoplasmic villi decreased in number and atypical 
granules appeared. Mast cells cultured for 3 days 

showed mature granules. while mast cells cultured 
longer than one week displayed various granules. 
Three types of granule were observed in the cul­
tured mast cells. viz.: immature progranules. ma­
ture granules and disintegrating granules. 

The small progranules, consisting of a fine granu­
lar material. enclosed by a single-layered mem­
brane, were demonstrated only in cells cultured for 
more than one week and appeared close to thc 
prominent Golgi complex. Cells with immature 
granules showed relatively few granules, which 
were arranged in the periphery of the cytoplasm 
(Fig. 3c). 

The mature granules were electron-dense, with 

parallel-arranged lamellae, either flat, bent or scrol­
led, and enclosed by a single membrane of low densi­
ty. Some granules contained a fine granular material 
with or without a faint crystalline structure. These 
granule types were found in all mast cells through­
out the culture period. 

Disintegrating granules consisted of a coarser 

granular material and had a dense central core of 
varying size (Fig. 3h). Some granules had a cres­
cent-shaped electron-dense area. others remnants 
of parallel lamellae or crystalline structure. The 
enclosing membrane became more distinct in these 
granules. Granules releasing their content into the 
extracellular space appeared electron-lucent, with 
sparse amounts of subgranular material enclosed by 
a membrane. Fully degranulated mast cells were 
only occasionally observed and always in the first 

day or two of culture. The cytoplasm of these cells 
displayed a honeycomb appearance. 

The 11nide11I1jiab/e cells sholl'ed I) sparse RER. 2) 
few lysosomes. 3) numerous surface vesicles and in 
between these several den se zones of the cell mem-
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Fig. 4 a. Uniden1ifiable cells (UC) of a 6-week-old cul­
lured explant. Numerous surface vcsicles and dense 2ones 
(arrows) are seen. The collagen fibril� are replaced by 
cross-banded filamentous aggregations (asterisks) in the 
extracellular compartment of the connectivc tissue. 
X J3 50(), 
Fig. 4 b. A dense zonc and several ,urface vesicle� seen in 
the framed area in (al are shown in higher magnification. 
X54000. 

Fig. 4 c. A prim,ttve cell of an explant cultured for 10 
weeks. The cell i� charac1erized by the largc rounded 
nucleus and a cytoplasm containing a few organelles. 
Occasionally. single cilia (framed area) arc present. 
X 13 500. 

Fig 4 d. The micrograph shows 1he cilia in higher magnifi­
ca11on. A basal body i� shown (arrow). x54000. 
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Fig. 5 o. The cytoplasm of smooth muscle cells cultured 
for one week i� filled with dense myolilaments. x 15 000. 

Fig. 5 b. The smooth muscle celb cultured for 2 weeks 

show a decreased number of myofilaments. Many surface 

vesicles and dense zones appear along the cell membrane. 
X 15000. 
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Fig. 5 c. Explants cultured for 2 weeks contain smooth 

muscle cells with varying numbers of myofilaments. 

X6000. 
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Fig. 6. A blood ve�;el of a 3-week-old cultured �kin 

explant shows endothclial cells (EC) and pcricytes (Pl. 

brane (Fig. 4a). This cell type became prominent 

with time in culture. The cytoplasm1c dem,ities sub­

jacent to the cell membrane appeared focally and 

were approx. 300-600 nm in length and 30-50 nm in 

thickness. Al these sites a homogcneous layer of 

basal lamina-like material occurred in the extracel­

lular �pace. which layer wa� separated from the cell 

membrane by a translucent layer (Fig. 4h). Cell� 

which werc close to each other occasionally 

formed de!>mosome-like structure!,. Each cell con­

taincd several of these cell membrane densities. 
Cytoplasmic filamcnts mimicking myofilaments 

were also found. 

The pri111itil·e ce/1.1 were characterized by few cell 

organelles-with thc exception of the Golgi com­

plex. This cell type had a large. rounded nucleus 

and relative sparse cytoplasm (Fig. 4c ). Occasional­
ly. the celb had single cilia. The cilia appeared as 
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The latter have many dense z.ones along the cell m<!m­

branc and are surrounded by a basal lamina. x 15 000. 

small solitary projections of the cytoplasm. At the 

base of the cilia. a characteristic basal body wa� 

seen (Fig. 4d). In one ca�e we found two cilia with 

an angle of 90" between the shafts (Fig. 4c). We 

never had occasion to study a cross-section of the 

cilia. 

2. Denna/ cells l111-ro111uled by basal la111i11a. The

s111001/r 11111.1·c/e ce/1.1 were characterized by myofila­

ments which were arranged parallel in the sarco­

plasm. Surface vesicles appeared along the cell 

membrane and in between the dense zones ( Fig. 5a. 
5 b ). The cells were surrounded by a basal lamina. 

The smooth muscle cells were well preserved dur­

ing the first two weeks of culture. although the 

amount of myofilaments varied considerably (Fig. 

5b, Se). Cells with dense myofilaments contained a 

few common cell organellcs such as mitochondria. 

RER. and lysosomes. wh1le tho�e with dispersed 
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myofilaments showed more. After 2 weeks of cul­

ture. the myofilamcnts decreased in number. The 

cultured smooth muscle cells were enclosed by a 
basal lamina which often became discominuous. In 
explants cultured for 2-3 weeks. the di�tinction of 
smooth muscle cells from unidentifiable cells and 
pericytes was difficult. 

The e11do1!,e/ial cells were identifiable as long as 

the small blood vessels of cultured skin explants 

preserved their integrity. Du ring the culture period. 

the endothelial cells showed a large Golgi complex. 
increased number of microfilaments and some lyso­
somes and surface vesicles. The semidesmosomes, 
desmosome� and basal lamina were well preserved 
(Fig. 6). 

The peric.\'/es adjacem to the blood vessels were 
always surrounded by a basal lamina. This struc­
ture became discontinuous with culture duration 

(Fig. 6). The cytoplasmic structures of pericytes 

resembled those of cultured smooth muscle cells 

and unidentifiable cells. Hence, the distinction be­
tween these cells was orten impossible. 

The perinewal cells resembled the pericytes both 
before and after culturc. 

The Sc/11,·111111 cells showed a decreased number 

of cell-organelles concomitant with culture time. 

DJSCUSSION 

A. C/w11ges in urga11elle5 in c11/111red cells

The present study demonstrated two types of nu­
clear shapes. The i.-regular type may reprcscnt the 

nucleus of a senescent cell as shown in ageing fi­
broblast cultures (3, 24). Cells with rounded nuclei 
and little chromatin condensation, which in the pres­
ent study became frequent in primitive cells, have 
been correlated with immaturity (8). The nuclear 
bodies were frequently found both in normal and in 
cultured human skin (18). The function of nuclear 
bodies is unknown, although they are present in 
most tissues. The )arge number of nuclear bodies 
found in the present study may be associated with 
an increased metabolic activity of the cells (4). 

By utilizing morphological criteria it is possible to 
differentiate between cells in logarithmic and rest­
ing stage of growth (3, 5, 8, 24, 27). The resting 
senescent cells are characterized by I) an increased 
number of lysosomes. 2) an increased transforma­
tion of primary lysosomes into secondary lyso­
somes and residual bodies, 3) an increased amount 
of glycogen granules and free ribosomes, 4) a promi-

nent Golgi complex. and 5) a moderately developed 

rough endoplasmic reticulurn. The cytoplasrnic 

findings in most dermal cells in the present study 
are fully in accordance with the above-mentioned 
reports indicating that most of the skin explant cells 
are maintained in a resting stage of growth <luring 
the culture period. 

In cultured cells, the Golgi complex and the 

number of lysosomes increased concomitantly. The 

enlargement of the Golgi complex is stimulated by a 

high concentration of serum in the medium as used 
in the present study (6). The Golgi complex is as­
sociated with the secretory activities of various 
cells and may also play a role in the formation of 
primary lysosomes (25). The primary lysosomes 
may either transform into secondary lysosomes re­
leasing their content of hydrolytic enzymes into the 
extracellular space. or thcy may fuse with 
phagocytosed material forming the pleomorphic 
secondary lysosomes (25). The residual bodies rep­

resent vacuoles with incompletely digested material 

which is too bulky to pass through the lysosomal 
membrane. The increased lysosomal activity of 
most cultured skin explant cells may be responsible 
for the connecti ve tissue resorption reported in pre­

vious works (19. 20). 

B. Cltanges i11 speci{lc cell type:. during c11/111re

The fibrob/asts present in culnrred skin explants
showed the characteristics of res ting cells (3, 5. -8.
16, 24, 27). Previous studies demonstrated that cul­
tured fibroblasts had a mode,·ately developed and 

dilated RER. which late in culture tended to be 
larger. The less extensive but dilated RER with few 
attached ribosomes displays a restricted collagen 
fibril synthesis of fibroblasts. whether grown in 

vitamin C deficient medium as used in the present 
study or in scorbutic wounds (28, 30). 

The increased number of surface vesicles has 
been reported previously in cultured fibroblasts. 
The vesicles may be related to the process of 
pinocytosis and phagocytosis ( 16. 28). 

The bundles of thin filaments occasionally seen 
beneath the cell membrane of fibroblasts are a 
common feature of cultured fibroblasts (16) and 
myofibroblasts (13). These filaments may play a 
role in the cell locomotion (33). 

The changes in cultured 111acrophages in skin 
explants are reminiscent of those described for 
macrophages grown in cell culture ( 11 ). The mac­
rophages were separated from fibroblasts on ac-
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count of the scarce RER. the abundance of lyso­
somes and the cytoplasmic projections. However, it 
became increasingly difficult to distinguish mac­
rophages and fib1·oblasts from each other as culture 

time went on, which suggested that the cells were 

less ditferentiated. 

Separated mast cells can be maintained in cul­

ture, while the cells differentiate only in association 

with a fibroblast-feeding layer (7. 15). The mast cell 
granules are probably formed in the Golgi complex 

(21). The immature mast cells show a prominent 
Golgi complex associated with small, electron­

dense progranules (7. 21 ). As the mast cells became 
morc maturc, thcir cytoplasm containcd an increas­

ing number of granules (7, 21). The cytoplasm of the 
mature cells was filled with granules, there were 

few mitochondria and a reduced Golgi complex (7). 

These stages of mast cell differentiation are sub­

stantiated by our findings. 
The morphology of the developing granules was 

identical with that observed in normal skin (21). In 
diseased skin an increasing number of the mast cell 
granules become atypicaL a phenomenon represent­
ing an abnorma! process of granule formation (21 ). 
The progressive increase in atypical granules <luring 
the culture period suggests that the maturation pro­

cess was disturbed. The fact that the honeycomb­
like appearance of the mast cell cytoplasm was a 

rare finding indicates that degranulation was not 
induced by the culture conditions or mechnnical 
preparation of the explants. 

The origin of the unidenrifiable cells is unknown. 

Parts of the cell surface were covered by a basal 
lamina-like material and in such regions the cells 

showed a dense zone reminiscent of the attachment 
sites of cultured smooth muscle cells (29) and en­

dothelial cells ( 17). The pericytes are capable of 
differentiation into smooth muscle cells (34). Both 
pericytes and endothelial cells develop from a 
common precursor cell (I, 2). We propose that the 
unidentifiable cell may be derived from pericytes. 

The evidence for this suggestion is based on the 

morphological findings. The assumption is con­

firmed by previous work concluding that most cell 

lines derived from different organs had a similar 
morphology and represented pericytes and en­
dothelial cells of small blood vessels (9. 10). 

The primitii·e cells lacking type-specific charac­
teristics may represent undifferentiated cells of a 
different origin. The single cilia of these cells are 
thought to be an evolutionary remnant. as they are 
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relatively more frequent in tissues of Iower animals. 
However. cells with single cilia have been demon­
strated in most tissues (32). The function of this 
organelle is still obscure. 

Cultured s111oorh muscle cells derived from blood 

vessels can be characterized by the presence of 

bundles of myofilaments (12, 14). The cells pre­

served this ultrastructural feature for up to 8 weeks 

of culture (29). Some investigators have reported 

that the smooth muscle cells in explants from swine 

aorta underwent a rapid dedifferentiation ( 12). After 
4 days in culture, most smooth muscle cells showed 

few or no myofilaments. hence resembling fibro­
blasts ( 12). This observation was not confirmed by 
the present study. though we found a decreasing 
number of myofilaments. As a consequence of t.he 

scarcity of myofilaments we found that it became 

difficult to distinguish between cultured smooth 

muscle cells and pericytes. The pericytes and 
smooth muscle cells could be distinguished from 
fibroblasts by the surrounding basal lamina. The 

unidentifiable cells contained a cytoplasm with 
bundles of thin filaments and a cell surface partly 

covered with dense zones and a basal lamina-like 
material. Hence. these cell types resemble the cul­
tured smooth muscle cells and pericytes. Under 

certain conditions. the fibroblasts can assume ul­
trastructural and functional characteristics similar 

to smooth muscle cells. These myofibroblasts are a 
co1nn1on feature in granulation tissues and ce11 cul­
tures and may represent a contractile fibroblast 

(13). On the other hand. there is also evidence that 

smooth muscle cells can assume fibroblastic features 
(12). 

The e11dothelial cells were easily identified be­

cause of the preserved blood vessel architecture. 

However, the ultrastructural features of isolated 

endothelial cells may remind one of pericytes. 
smooth muscle cells and unidentifiable cells. The 
Weibel-Palade body. which is a specific marker fo1· 
endothelial cells, was not present in the en­
dothelium of our explants. These gramiles were 

regularly found in endothelial cell cultures derived 
from human umbilical cord veins by Haudenschild 

et al. (17). Moreover, we found that the ultrastruc­
tural changes in cultured endothelium of skin 
explants were similar to those reported from previ­
ous studies ( 17). 

The ultrastructural studies of cultured skin have 
demonstrated that the dermal tissue loses its ar­
chitecture because of collagen fibril resorption (19, 
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20). Although the individual cell types preserved 
most of their characteristics throughout the culture 
period. some new cell types were identified. In con­
clusion. it must be emphasized that cultured skin 
has a morphology essentially different from thal of 
normal skin. This should be borne in mind. when 
conclusions are drawn from skin organ culture in 
experimental research. 
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