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DISSOCIATION OF HUMAN ADULT EPIDERMAL CELLS 

BY DISULrlDE-REDUCING AGENTS AND SUBSEQUENT 

TRYPSl IZATIO 1
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Abstract. Primary culturco; of epidermal cells from human 
adult skin -.ere dis�ociatcd by dilhiothre:tol (l)TT) with 
subsequcn1 1ryp,inization. After treatment -.i1h di,ullide 
reducing agenb. the dcsmo,.ome, wcrc eithcr destroyed 
or ,howed a homogeneou, uhra,1ructure. Trypsin ,cpa­
ra1ed the homogcncuu, desmosomc,. whcrea, cell 
mcmbrancs. organellc,. and nuclci remained undamaged. 
Trypsin did not intluence normal desmo,omes. A su,.pen­
�ion of human epidermal cells was recultivated in new 
na,ks. Two types of cells grew in the culture,-polygonal 
and spindle-shaped. The polygonal cell� were maintained 
for 30 to 60 days and grew �lowl). The spindle-shaped 
cells wcre leucine-amino-pcptidase negative, grew active­
ly. and "ere subcultured. 

Ke,· ll'ords: Epidermal cell culture; Dithiothreitol; Des­
mosome: Culture technique; Epidermal de­
differentiation 

After skin has been cultivatcd for 2 or 3 days, epi­

dermal cells always grow in membranous sheets 

around the cxplants, while fibroblasts grow out af­

ter I 10 3 weeks. Tr�psin dis\ociate, thc fibroblasls 

but not the epiderrnal cells ( 11 ). Previous authors 

have �eparated whole sheet of epidermis from 

trypsinized grafts prior lo cultivation. Dissociated 

cells were obtained from the separated epidermal 

layer by mechanical action such as shaking, nush­

ing, or scratching (2. 15, 22, 28). 

The present study introduces the disulfide­

reducing agent, dithiothreitol (DTT), for splilling 

the disulfide groups of desmosomes. The agent was 

used succes:,fully, together with trypsin. for dis­

sociating cultivated epidermal cells. 

1 Pans of this study were presented at the Fourlh Annual 
Meeting of the European Society of Dermatological Re­
search, Amsterdam, April 23-24, 1974. 

MATERIALS AND Ml:THODS 

H11111a11 epitlermal ce/1.v. Skin of normal human adulls was 
obtamed fro:11 the Oepanmcnt of Plastic Surgery. 
Rig,hospital, and cut into ,mall explanls ,ized 1-2 mm2

. 

The ,kin "as culti--atcd in f'alcon nask, (25 cm•). each 
containing 6 10 9 ,mall explants. l::pidcrmal celb from a 
4-day-old outgro-. th were used for the experiments (Fig
I). The culture medium wa:, minimum e,-,cntial medium 
(Eagle) with Earlc's salts, HlO ml; fetal calf' serum, 20 ml: 
1-glutamine (200 mM), 2 ml; penicillin-streptomycin (5 000 
i.u. per ml each), 2 ml: and was buffercd al pH 7 .4 with 
7.5c:f w/v sodium bicarbonate. Five percenl CO, in air 
was supplied 10 the tlasks. The medium was renewcd
every 4 days. The cultures "'ere incubatcd al 37°C.

Trypsin so/111io11. Trypure� (NOVO. Copenhagen) 
crystalline trypsin. 4 500000 NF units per g. was dissolved 
in Hanh' balanced salt solution (BSS) at a concentrat1on 
of I mg per ml. The pH wa, adju�ted 10 7.8 with 6 N 

aOH. 
DIT wa, dissolved in Hanks' balanccd salt solution 

(BSS) at concentrntions of 1.5, 3.0. 6 O. 12.0 and 24.0 
mg/ml. The pH was adjusted to 7.8 "ith 6 N NaOH. The 
optimal concentration of DTT was 3 mg/ml. 

Trypa11 b!ue was used for , ital �ta:n:ng at a concentra­
tion of 0.2 % di�solved in normal saline. After removal of 
the original explants. the epidermal outgrowth, (Fig. I) 
werc washed twice with BSS. Thereafler, 5 ml of DTT 
solution was poured into the flasks. The disultide­
reducing agent was left in the cultures for 10 10 15 min at 
37°C. The cells were observed al regular intervals with an 
inverted phase contrast microscope (Leitz Dia ven). When 
the intercellular spaces of epidermal cells had widened, 
the DTT solution wa� sucked out. Finally, the trypsin 
solution was added and the tlasks gently shaken for 1-3 
min. Solution and cells were transferred 10 a centrifuge 
tube with fresh culture medium and centrifuged at 300 g 
for 10 min. The supernatant tluid was discarded and the 
cells in the sediment were resuspended in fresh medium 
and cultivated. Treatment with trypsin solution alone was 
tried at the same concentration and lime. Cultures of 
human adult skin fibroblasts were also treated with DTT 
for 15 min at pH 7 .8. 

A 4-day-old epidermal outgrowth was studied with an 
inverled phase contrast microscope and an electron 
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microscope under the following conditions. (11) Before 
treatmenl. as a control. (b) After treatmcnt Y.ilh 0. I c;;. 
trypsin at pH 7.8 for 5-15 min. (c) After treatmcn1 Y.ith 
DTT at pH 7.8 for 15 min. (dl After treatment with hoth 
DTT for 15 min nnd 0.1 '¼- tryp,in for I to 3 min al pi I 7.K. 
fhe cells "ere also studied after 2 and 4 months of cultiva­

tion. 
For electron micro,copic studie, the materials "'cre 

fixed in a 4 '½ gluraraldehydc solution in Vcronal acetate 
buffer. pH 7.2, y,,ith 7.5<;!- sucro,e. After o,mification. the 
materials wcre washcd. dehydratcd in a series of alcohols 
of increasing concentrntion. and embcdded in l=:pon 812. 
Ultrathin ,cctions wcre stained with uranyl acctate and 
lead citrate and ,tudicd with a Siemens eleclron 
microscope (Elmiskop IA> al 80 kV with a double con­
densor sy,tcm. 

The en1yma1ic pattern of hoth keratinocytes and 
spindlc-shaped cells was studied. Dcrmal fihroblasts con­
tain leucine aminopeptida,e, in contrast to kera1inocytes 
t6, 23). The leucine aminopeptidase was �tained on 
coverslip cultures according to the technique of Nachlas 
Cl al. (20). 

OBSERVATIONS 

Plw.1e microscopic obsen·ations 

At 10-15 min after pouring DTT-solution into the 

culture fla,k, the cpidermal cell, became rounded 
and the in1ercellular spaces betwccn the cells wid­

ened. though a few intercellular bridges still held 

(Figs. 2. 3). When the disullide-reducing agent was 
replaced with the trypsin solution, all intcrcellular 

bridges ruptured immediately and the cells became 
detached from the flask. The dissociation w.ts com­
plete within 1-3 min. When the trypsin solution 

alonc was supplied for 5 min. the cells did not 

become roundcd, and no widening of the intercellu­

lar spaces look placc. In a comparativc swdy. ,kin 

fibroblast cultures werc treated with DTT al pH 

7 .8, but none of the cells appeared rounded or freed 

from the bottom of the flask. DTT solutions "ere 
tested at various conccntration� for comparable 

periods. The epidcrmal celh becamc rounded at 

concentrations of 3 mg/ml or more. Howcver. no 

cvidcnce of cell damage was seen after 15 min of 
exposure at a conccntration of 24 mg/ml. The cells 

continued to grow after returning to a fresh culture 

medium. The vital staining with Trypan bluc gave a 
viability within the range 83-92 'k. Cells treated 

with DTT plus trypsin werc recultivated. Thcy 
started to settle on the botlom after I hr (Fig. 4). 

After 15 hr of cultivation, most of thc cells wcre 
attached and were polygonal in shape. Mo)t of the 

cells appeared solitary, some in small groups. Oc­
casionally, the cells showed long cytoplasmic 
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prolru<sions (Fig. 5). The pol}gonal cclb grew 

slowly and disappean::d afler 30-60 day,. The 

spindle-,hapcd ccll5 appeared after '.!4 hr and grew 
morc rapid ly than cpithelial ct:11, ( fig. 6). Both cell 
I> pcs ,hov.ed distinct nucleoli an<l nuckar

membranes. The kerntinocyte\ and -,pindle--,haped

cells were both found to be leucine aminopeptida,c

negative.

Electro11 microscopical ob.1c1Tatioll.\ 

Bcfore and after tryp,;in treatmcnt, thc dc,mo�omc, 
appeared quilc normal (Fig.,. 7. 8). The in1erccllular 

matrix of desmosomcs contained a di-,tinct in­

tcrmediate layer ( �-linc. 14 ). After D TT treatmcnt. 
most of thc de�mo�ome, were separatcd, \\hilc 

some �howed a homogeneou, in1crcellular matrix 
without M-line (Fig. 9). Aftcr trcatment \1 ith DTT 
plu5 trypsin, all dcsmo,omcs ruplurcd. No interccl­

lular matrix was seen. 11hile cell r1embranc, and 

attachmenI plaques were lefl intuct (Fig. 10). 

Numerow, finger-like protrusions of thc cytor,lasm 

were scen on the <;urfoce of thc cell<, (Fig. 11 ). No 

definitc differenccs in cell organellc<; wcre found 

after DTT plus trypsin treatment. 1 he q,topla�m of 
thc polygonal cells wa� like !hal of mature keratino­

cytes, wilh both desmosome� and tonofilament 

bundle� (Figs. 12, 13). The <,pindlc-shaped celh 

containcd nuclei with nuclcoli. while the cytoplasrn 
showed only a few cell organelles. i.e. mito­

chondria. granular cndoplasmic reticulum. ribo­
somes, lysosome5. Golgi complex and pinocytotic 

vesicles. In all contact areas the cells �howed at• 

tachment-plaque-like thickenings of thc cell 

membrane without obviou� connection to thc intra-

Fil(. I. Epidermal outgrowth from the c�plant. on lhe 41h 
day of cultivation. x 180. 

FiR, 2. Epidermal cells af1er 5 min of DTT treatment. The 
intercellular ,pace\ appear widened. x 180. 

Fil(. 3. F.pidermal cell; al 15 min afler DTT trealment. 
Numernus epidermal cells appcar rounded. hut nonc are 
freed from the bottom. x 180. 

Fil(. 4. Recultivated cell wspension. I hr arter 1rea1ment. 
X 180. 

Fig. 5. Rccullivated cellsafter 24 hr. The cell� 5how long. 
cytopla�mic protru�ions. x 180. 

Fig. 6. Recullivated cell� aftcr 4 mon1hs of culliva1ion. 
The cells are now more ,pindle-shaped. x 180. 



2-762801 

4 

�, 

.� 

.. ,� 
.'"'�� ... ;� 

-
.� 

--.:.:: • �
e:' 

... .... ,u..

21 

Acta Dermatovener (Stockholm) 56 



'.!2 B. Hent:,er and T. Kobayasi 

Acta Dtrmatovtnu (Stockholm) .16 



cytoplasmic microfilaments. Rough bundles of 

dense microfilaments were seen in the peripheral 

area of the cytoplasm, though no typical desmo­

somes were found (Figs. 12, 14). No collagen-like 

fibrils were found in the extracellular spaces of 
the spindle-shaped cells. 

DISCUSSION 

Epidermal cells are firmly connected by desmo­

somes (I). Experimental acantholysis was hitherto 
produced in fresh skin specimens by disulfide-split­

ting agents, i.e. cysteine, reduced glutathione, sodi­
um thioglycolate (pH 8.5) and borate buffer (pH 8.8) 
(I, 13, 14, 17, 19, 24. 26). However, several hours of 

incubation was required, and the cells did not seem 
to survive the treatment. The proteolytic enzymes 
trypsin and papain also produced acantholysis in 
fresh skin ( I). The acantholysis was completed 
when the cells disintegrated due to long-term incu­
bation. Other authors have previously found that 
the intercellular matrix of desmosomes is derived 
from the epidermal cell coat (17, 24) and contains 

disulfide groups and mucoprotein (13, 27). Sulfhyd­

ryl groups located on the cell suriace seem 10 influ­
ence the ability of cells to adhere to other cells or to 
growth surfaces. The sulfhydryl binding reagent, 

N-ethylmaleimide, inhibited cell adhesion to a plas­
tic flask, while DTT reversed this (8, 9). Dithio­

threitol reduced disulfide groups to sulfuydryl
groups and preserved them within a range of pH 7.0
to 8.0 (4).

Dithiothreitol is toxic for animals. the lethal dose 
for mice being 180 mg per kg body weight (10). For 

Fig. 7. Desmosome of 4-day-old epidermal outgrowth be­
fore any treatment. Arrow indicates the M-line. x60000. 

Fig. 8. Desmosome treated with trypsin. The intercellular 
matrix shows a distinct M-line. x60000. 

Fig. 9. After DTT treatment some desmosomes showed a 
homogeneous, dense. intercellular matrix without M-line. 
x60000. 

Fig. 10. Desmosome completely separated by DTT­
trypsin. Cell membrane and attachment plaque are intact. 
X6()()()(), 

Fig. Il. Dissociated epidermal cells. Arrows indicate 
ruptured desmosomes. x4 500. 

Dissociatio11 of human ad11/1 epidermal cells 23 

cultivated cells, DTT was applied in cell contact 

studies (8), for inhibiting the N-ethylmaleimide ef­

fect. at a concentration of 1.0 mM (0. 122 mg/ml). 

Dithiothreitol inhibited fusion of karyomers in the 

telophase of sea-urchin egg mitosis and produced 
micronuclei. However, the change was reversible 
and the micronuclei fused in a few minutes after 
removal of DTT (29). To split disulfide groups in 
elastic fibres. 0.025 M (3 mg/ml) was used for 7 hr 
(3) Within a few minutes, trypsin suspended most
cell types from monolayer cultures, though not

epidermal cells ( 11 ). The present study shows that

acantholytic epidermal cells produced by a di­

sulfide-reducing agent are dissociated. after mild
trypsinization, i nto a single-cell suspension.

Spindle-shaped cells also grow in epidermal cell 
cultures of guinea pig (2, 6, 23). These cells have an 
intracytoplasmic enzyme pattern similar to epithel­

ial cells. and also have incomplete desmosomes. 
The mitotic cell cycle is shortcr than that of 
fibroblasts. Bauer et al. (2) cultivated the cells on a 
Millipore filter with a nucleoprotein-enriched 

medium. They found keratinized cells in a lamellar 
arrangement. However. no electron microscopical 

identification of the keratinized cells was obtained. 

The spindle-shaped cells in the present study were 
isolated from outgrowths of epidermal cells within I 
week after cultivation, in which period no 

fibroblasts grew from the explants. In contrast to 
typical skin fibroblast cultures. no extracellular 
fibrils were found. Attachment-plaque like thicken­
ings of the cell membrane and rough bundles of 
intracytoplasmic microfilaments are seen both in 
undifferentiated epidermal cancer cells ( 18) and 
cultured embryonic fibroblasts (21 ). Human skin 

grown in organ culture for 34i weeks showed an 
encapsulation of the dermis by epithelial cells of 
various degrees of differentiation (12). Many of 

these cells showed neither desmosomes nor tono­
filaments and were quite similar to the spindle­
shaped cells of the present study. 

Besides keratinocytes. a primary epidermal cell 
culture also contained melanocytes and Langerhans 
cells (7). The latter survive for about 10 days in 
cultivation. Cultured melanocytes have been de­
scribed in previous studies (5, 16. 25). 

The present findings suggest that the spindle­
shaped cells are dedifferentiated epidermal cells. 

A more detailed ultrastructural study of these cells 
in comparison with fibroblasts from the dermis is 
the subject of a separate paper. 
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Fig. 12. Spindle-shaped cells (S) and a keratinocyte (K) 
after 4 months of cultivation. Bundles of intracytoplasmic 
filaments are indicated by arrows. X4 500. 

Fig. 13. Two keratinocytes after 4 months of cultivation. 
Desmosomes (D) and tonofilaments ( T) are seen. x 30 000. 

Fig. 14. Three spindle-shaped cells. Arrows indicate 
desmosome-suspect structures. lntracytoplasmic micro­
filament bundles (F) are seen immediately under the cell 

mernbrane. x30000. 
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