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Abstract. 801h cpidermi, and dermis have becn used a, 
a source of cells. After splilling lhe skin wilh trypsin, 
epidermal cell suspemions have been made and cultures 
establi�hed. Primary cullures consist of cells "hich re­
tain lheir specific fibre desmosome structures under the 
eleclron microscope. They arc Leucinaminopeptidase 
(LNase) negative, as are epidermal keralinocytes in si1u. 
Tbey incorporate 1ri1iated thymidine, with a peak at day 
nine nftcr planting. Long-tcrm cultures are composed of 
fibroblast-like cells wi1h no distinct ultrnstructural featurc. 
Thesc fibrobJa,a-like cell, remain LNasc negative. Dermal 
cells huve been i�olatecl hy dissociation of tbe dcrmis with 
collagenase, and culturcd. Primary cultures are composed 
of fibroblast-like cells. They are consistently L :ise-posi• 
live, like connective-ti<,,ue cell, in situ. Thcy incorporatc 
1ritia1cd 1hymidine, with a peak at duy 5. Long-lerm 
cuhure, are composed of fibroblast-like cells rc,embling 
1h:1se derivcd from epidermal primary cultures. Howcver, 
1hey ar� strongly and consislcnlly LNase-positive. It is 
concluded that two different cell lines can be established 
from one singlc piece of •kin. One comists of epidermal 
keralinucytes, partially dcdiffercntia1cd, lhe 01hcr of der­
mal connectivc lissue fibroblash. 

lt has been shown in previous studies thal after 

guinea pig ear skin has been split with lrypsin, 

epidermal cells (keratinocyles and melanocytes) 

can be grown and recombined in primary cul­

tures ( 12). 

J l has also been shown thal subcultures can be 

obtained by transferring confluent primary cul• 

tures to new culture flasks (13) and that long­

term cultures can be propagated by subsequenl 

transfers (or passages) for as long as 15 months 

or sixty-one passages (15). These long-term cul-

1 Part of thi. study was presented al the Joint Mee1ing 
of thc American Society of lnveMigativc Oerm31ology and 
the European Society for Dermatological Research, Ams­
terdam, 17-18 May, 1972. 
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lures. however. are composed of cells with fibro­

blast-like morphology under lhe light microscope, 

and without the ultrastructural markers of kera­

tinocytes (5). 

The first interpretation .is that these fibroblast­

likc cells are nothing but ordinary fibroblasts 

which havc been detached from the dermis dur­

ing the process or trypsination and havc over­

grown and replaced the keratinocytes. That this 

may not be the case was suggested by a study on 

leucine aminopeptidase (LNase) reaction on fro­

zen sections of guinea pig skin and on subsequent 

epidcrmis-derived cultures (8). 

On frozen sections of guinea pig skin, the 

LNase reaction is negative in the epidermis. lt 

is strongly positive in dermal connective tissue 

cells. Epidermis-derhed cultures have been shown 

to remain consistently negative as opposed to re­

gular control fibroblasts in culture which were 

repeatedly found lo react positi\ely (8). 

However, the evidence so given was only parti­

ally convincing because the so-called "regular" 

fibroblast cultures which have been used as con­

trol in the LNase test werc derived from the bone 

marrow of the guinea pig and not from the dermis 

of the skin. Thererore, the possibility remained 

that dermal fibroblasts behave differently, and, 

in particular, loose their capacity to react to 

LNase after having spent some lime in culture. 

Tn the present paper, it wiU be shown that be­

sides LNasc-negative, LNase-positive cell cultures 

can be obtained from the same piece of guinca 

pig skin. ln addition. just as negative cultures 

remain negative, positive cultures remain positive 

through serial passages in vitro. 
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MATERfAL A 10 METHODS 

1. M tllerial 

Bolh ordinary lricolor and albino (Hanley strain) adult 
guinea pig (250-300 g) wcre used. Hartley strain were 
germ-frce ccrtified unimals (EVJC-CEBA, Blanqucfort, 
France). 

i\1e1hods oj culture 

(a) J'rimary c11/t11res of epidermal cells were prcpared
according lo the following tcchniquc: The hairs of lhe
stin or the ears werc pluckcd with wax. The slin was
wa,hed three times with saline solution and once with 
70% ethanol. IL wa• then rubbed with mycostali11. lm­
med1alCI} before its remo,al, the skin was washcd lhree 
timc� with sterile saline solulkin followed by a rinse with 
70% cthanol, and dricd. 

Strip<; of Stcri-strip (3�1-:'\1inne,ota) \\Crc ;tuck 011 to 
the back of the ear and the skin was cut with Castroviejo's 
electrokeralome, set at level one. The strip� of skin with 
the Sleri-strip anached were floated on preheated 0.15% 
Trypsin (Difco) in Phosphatc Buffcr Solution (PIJS) al 
pH 7.2 for 90 min ut 37°C. The piecc, of ,�in were then 
drained and placed, keratin l:iyer, do\, n, in :i Petri dish. 
The dcrmis was lifted up wi1h fine forceps. 

Ba,al cell;, which bad rcmained attacbed 10 tbe dermis 
wcre looscned by ,haking the piece of dermal tissue in 
an hcmoly,is lube containing 2 ml of Tissue Culture 
Medium (TC\1) for 30 ;,ec, wilh :i Vortcx agitator at 
medium sp�c<I. After ,haking, the TCM wa� filtcred on 
sterile gauze. The yicld was about 4 lo 5 x JO'' viablc cells 
for onc ear. Cover,lip culturcs in Leighton tubes were 
preparcd by ,eeding 5 x JO' cells in 2 ml of TCM per 
lubc. 

(b) Primar)' culrures oj denna/ j1broblas1s were mnde 
by 1reating thc piece of dermal timie which bad just 
been shaken to loosen basal cells, with 0.1 °� collagenase 
(Worth111gton. crystalhzed) in glucosc, pota,sium, ,odium 
(GKN) solution according to Hinl & Syvcrlon (7) for 
60 min at 37°C. 

After complete di;;,ociation of thc piece of dermal tis­
sue, frced dermal cells wcre harveslcd. Viable cell, were. 
c:>untccl and seeded in Leighton tubes using 5 x 10' cells 
p�r 2 ml of TCM. The same TCM was used for botb 
culturcs. It consisted cither of BM R (Eagle, 1955) sup­
plementcd wi1h 10% calf serum or MEM (Eagle, 1959) 
supplemented with 25 °o borse serum. 

(c) S11bcu/111res. Thcy werc made by using eithcr thc
trypsin tecbnique described for humnn diploid cells by 
Hayflick & Moorbead (6) or detachmem with collagenase 
according to Lasfargucs (9). 

(d) Free;:.ing oj cells and reco11stitwio11 oj c11/t11res. Cells 
to be frozen were detncbed by trypsin treatment as indi­
cated abovc nnd suspcnded at a concentration of 2 x 1 O" 
per ml in TCM supplementcd with JO•o dimethyl sulf­
oxide (DM SO). Ampoulcs conlaining I ml werc then 
filled and sealed. They werc frozcn in liquid nitrogen 
according to tbe following technique: arter having been 
kepl for 60 min at 4°C they were lransferrcd fir�t to 
- 20°C for 45 min, second into dry ice for 45 additional
minutes, and then dircctly 10 liquid nitrogen. 

Cultures wcre reconstituted by quick thawing of one 
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or two :impoulcs under running lul..ewarm tap watcr and 
,ee<ling of the cells into Falcon pl:1-iic F30 flasks in 5
ml of TCM. 

Exce,, DMSO was eliminated by a TCM change 4 to 6 
hour, after ,ecding. 

Metlwds oj c/ramcter,;:.mio11 

(a) Electro11 microsropy. Cullures of keratinocytcs and
cuhures of fibrobl.t�IS werc made in plaslic Petri dishes
(Falcon) and prepared for elcctron microscopy according
to thc technique alrcady de,cribed (5).

(b) Le11ci11e ammopep1ida1e. Coverslip cuhures were
proce�sed according cither to the tcchniquc of Nachlas 
et al. {JO) with L-leucyl naphthylamide as substrate. or tbe 
improved mclhod "ith L-leucyl-4-mcthoxy-naphlhylamide 
(I I). The rcaction proclucl was examined under oil irn­
mersion. Only those cells totnlly de,·oid of reaction pro­
duct "cre ,corcd as negative. 

Assessmem oj growt/1 capacity 

The growth capacity of primary culturcs hab been cstim­
aled by tritiatcd thymidinc incorporation. Coverslip, were 
seedcd with 5 x l O' viable cells both for epidermis- and 
dermi,-derived culturcs. 

After a given time, TCM wa, rcmoved and replnced 
with n new TCM containing tritiated thymidinc (sp�c. act. 
14.9 Ci1mM (C.E.A., SacJay, France)) at a final dilution 
of I ,,Ci 'ml. The cells were gi\en a 30 min pulse and 
lhen �ro�essed for rndioactrvity mensuremcnl by direct 
counting of covcrslip culture, according to the tcchniquc 
of hdlot ct al. (2). Such pul-e werc made on day I, 3. 
5, 7, 9 and 11 for epidermal culturc,, and on day I, 3, 
5 and 7 for clermis-dcrived cultures. 

The growth of long-tcrm cultures has been roughly 
calcul:tted by consiclcring the number of weeks nece,sary 
for a cell linc to reach a given number of subcullures. 
cach ,ubculturc bcing ,m,Jc by adju,1ing lhC split to 5 >: 
I O' cells per flask. 

RESULTS 

A. Primary cultures of cells derived from

trypsinized epidermis

The cultures were roughly similar lo those ob­
tained with previous techniques, as regards cell 
morphology. After 3 days in culture. numerous 
small sheets of cells were scattered throughout 
the coverslip. Many branched cells, identifiable 
as melanocytes, were visible and frequently 
formed bridges in between adjacent groups of 
growing cells. 

With the electron microscope, typical fibre des­
mosome complexcs werc reconstitulcd as early 
as the second day. They remained unchanged un­
til day 9. An example of such a fibre desmosome 
complex at day 7 is shown in Fig. l. 

Epidermis-derived cells were consistently non-



reactive to LNase. Melanocytes were also nega­

tive. Daily examination of L�ase reaction in these 

cultures, revealed that occasional positive cells 

CPM 

8 
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Fig. I. Primary culture of epidermal cells 

at day 7. Reconstituted fibre desmosome 

complex. This is taken as evidence of the 

keralinocytic nature of the cultured cells. 

Elcctron microscopical preparation, 

X 35 000. 

could be seen during the first 2 days. Such posi­

tive cells were not clearly identified. Some of 

them may he Langerhans cells. Jn rare instances, 

Fig. 2. Thymidine incorporation (CPM) accordi.ng 

to number of days in ten series of primary cul­

tures. (Le/r) epidermal cells. The peak of incorpo­

ration is reached al day 9. (Right) dcrmal cells. 

The peak (about eighl times higher) is reached at 
day 5. The number of viable seeded cells is the 

same in both cases. 
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one or two colonies of strongly positive fibro­

blast-likc cells were seen after several days in 

culture, surrounded by a va I majority of non­

reactive cells. As regards thc shape and morpho­

logy of these non-reactive cells, they cxhibited 

epithelial-like morphology <luring the first week 
of culture. They had a much more fibroblast-like 

appearance from the sevenlh day on. 

The growth capaci1y of epidermis-derived pri­

mary cultures has bcen estimated from 10 series 

of 3HTdR-labelled coverslip cultures. Minimal 

and maximal values representing the two extreme� 

of 3HTdR incorporation in at least 20 cultures 

have been plotted for a given day. 

They are shown schematicall} in Fig. 2. 

One can see on this diagram lhat the growth is 

exponenlial from day 5 to day 9. After the peak 

of day 9, three is a sharp decline in growth ability. 

B. Primary cultures of cells derived from

collagenase-treated dermis

As regards morphology, the cultures were com­

posed of fibroblast-like cells ince the first day 

after seeding. When the cultures were derived 

rrom a pigmentecl area, numerous coarsc melanin 
granules wcre visible in the cytoplasm of some 
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Fig. 3. Primary culture of guinea pig con­
nective tissue cells at day 7. There is no 
fibre dcsmosome comple�. as in epidermal 
cell,. Jmtead, onc can sce wcll developcd 
ergastoplasmic cisternae, which are in rela­
tion ,dth collagen ,ynthesis. Electron micro­
scopical preparation, x 50 000. 

of the cells. Branched cells, identifiable as me­

lanocytes, were rare or absent. 

Confluence and cell cro\\ding was reached at 

day 5. 

Under the electron microscope the cells exhi­

bited d wcll de..,eloped rough endoplasmic reti­
culum and no fibre-desmosomc complexes (Fig. 

3). 

Dermis-derh e:J primary cuhures \\ere strongly 

positive for LNa�e. An example of ;:i positive cell 

is given in Fig. 4. 

The growth capacity of dcrmis-derived cells 1s 

displayed in the right half of Fig. 2. Here, the 

diagram has been made like the left one for epi­

clermis-derived cultures. Minimal and maximal 

values were exlracted from at lcast 20 cultures 

for days I, 3, 5 and 7. 

One can see that the growth is exponential from 

day 3 to 5. After the pcak of da) 5. there is a 

sharp slope till day 7. Beyond this point the cul­
tures become overcrowclecl and detach themselves 

from the coverslip. 

C. Subcultures

l .  Subcultures of primary cultures derived from

trypsinized epidermis were composed of fibroblast-



Fig. 4. Connectivc tissue cell in long-tcnn culture, posi­
tive for Lcucinaminopeptidase. The rcnction product is 

like cells. These cells had no fibre desmosome 

complexes. These cultures were consistently nega­

tive for LNase reaction. No positive subcultures 
have been obtained so far. Repeated free1ing and 

reconstitution of cultures did not alter the reac­

tion, which remained negative. The growth capa­

city of LNase-negative cells has been estimated 

for t\,o cell lincs. In both cultures the eleventh 

passage was reachcd between 8 and 9 weeks after 

seeding. 

2. Subcultures of prirnary cultures derived from

collagenized derrnis were composed of fibroblast­

like cells. These cells had no fibre desrnosome 

cornplexes. 

Three lines of cells were tested for their re­

activity to L ase. They were all found positive. 

The cells were also strongly positive after two 
consecutive freezings in presence of DMSO and 
reconstitution by rapid thawing. 

The growth capacity of three L ase-positive 

cell lincs was evaluated as for LNase-negative cell 

� 
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seen as small, dcnsc, black dots of variablc size. Light 

microscope, under oil imn1er..,ion 95 x objective. 

lines. The elevcnth passage was reached between 

6 and 7 weeks after seeding the cells. 

DISCUSSIO 

For the first lime it has been shown that two 

distinct and separate primary cultures can be ob­

tained from one single piece of adult guinea pig 

skin. Previous studies indicated that explant cul­

tures could yield two different cell types in thc 

same culture flask (8). One cell type is epithelial­

like and LNase-negative. The other cell typc, 

growing after a lag period of about 11 days, is 

fibroblast-like and L 'ase-positi,e. 

In the present study, these two cell types were 

cultivatcd in two different tissue culture flasks, 

after dissociation of both epidermis and dermis. 
The epithelial-like cells exhibited fibre desmo­

some complexe� and rernaincd LNasc-negative, 

like keratinocytes in situ. They are therefore con­

sidered as being keratinocytes in culture. 
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These primary cultures of keratinocytes contain 

melanocytes. Such mclanocytes do not multiply in 

culture (14) and they will therefore not overgrow 

lhe keratinocytes in subsequent subcultures. 

In addition Lo keratinocyles and melanocytes, 

primary cultures derived from trypsinized epi­

dermis contain from lime to lime rare but dc­

finite LNase-positive cells. These L ase-positive 

cells may be dermal fibroblasts, since dermal 

fibroblasts are strongly LNase-positive in situ (I). 

They may also be Langerhans cells, which are a 

normal component of the epidermis and are 

known lo react positively to LNase. both in situ 

(16), and during the first days of culture (3). 

An interesting fact is that these L ase-positive 

cells, whatever their origin may be, do not develop 

in the subsequent stages of cultivation. since all 

culturcs derived from trypsinized epidermis have 

so far reacted ncgativcly to 1he L 1ase test (8, 4). 

The hypothesis, according to which dermal fibro­

blasts, strongly L ase-posilive in situ may be­
come negative after a certain period of lime in 

culture, is not supported by the experiments made 

in thc present sludy. Jndeed, all primary cultures 
prepared by collagenase di�$0ciation of the dermis 

have yielded LNase-positivc cells, and these cells 

have remained strongly L ase-positive through­

out subsequent subcultures. 

Furthermore, L ase-positive (and negative) re­

action is not modified by repeated freezing and 
reconstitution proce<lures. 

Thus. not only are two differcnt primary cul­

tures obtainable from guinea pig ear skin, but 

two different cell lines can also be propagated. 

These two cell lines can hardly be distinguished 

on a morphological basis since hoth cultures are 

ultimately composed of fihre-desmosome complex 

free cells. However, they do rcmain different on 

the basis of their reactivity to LNase, as <liscusscd 

above, and also their growth cap:icity. 

In primary cultures, the growth curvcs arc 

obviously dissimilar. Keratincc} tes rcach their 

peak at day 9 whereas dermal fihroblasts reach it 

in 5 days. In addition. the le\·el of th}midine in­

corporation for a comparable numbcr of seeded 
cells is about eight times higher in the lattcr cells. 

In subcultures, there sccms to exist a notice­

able difference. since it requires 2 weeks more for 

keratinocytes than for fibroblasls to achieve the 

!>ame number or passages. 

However, such a diffcrence is apparent only 
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bccausc it reflects the fact that LNase-positive 

cells grow faster in primary cultures. 

In conclusion, two different cell lines can be 

initiated and propagated through subcultures from 

adult guineu pig car skin. One is LNase-negative. 

It is thought to be composed of more or less de­

differentialed keratinocytes. The other is L ase­

positive, and composed of dermal fibroblasts. 
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