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STUDIES ON GUINEA PIG SKIN CELL CULTURES 1 

V. Co-culture o( Pif!mented Melanocytes and Albino Keratinocytes. a Mode/ for the S111dy of Pigme111 Transfer 

M. Prunieras. G. Moreno, Y. Dosso and F. Vin7ens

From the Labor111ory for Human S/..in Tumours. Ado/phe d,, Rot/achild Fo1111da1io11. Par/.\. 
a,uf the lmti1111e oj Cell PatlwlogJ. Le Kre111/i11 8ice1re, I m11cr 

Ahwract. Mixcd culturc, of mclanocytcs (M) and kcratino­
cyte� (K) are casil} obtained from pigmentcd guonca pig car 
skin. The> arc ,uitablc for thc ,wdy or pigment transfer 
from M lo K. I lowcver. quantitation is difricult hec,1Usc many 
K are alread� loaded "'ith pigment prior to cultivation. /\ 
technique is pre,cnted ,n which pigment-producing M are co­
culturcd with K of albino origin. Pigmcnted guinca pig ear 
skin 1s split "ith tr) p,in and ba,al cells including M are 
haneMed. The cell suspension is treated with sodium citrate 
which prevents the a11achmen1 of K (hut not of M) 10 the 
culturc ;ubstratc. Ninct) per cent pure M culturc� are oh­
taincd. 1-i,c to ,c,en da), later. another basal cell suspension 
is prepared, this lime from albino ear skin. Thb second 
su,pension is seedcd on top of the pigmenI-forming culturc 
of M. The number of contacts bctY.een albino K and pig• 

men1�for-ming M increa\oes as a direct function or time. Con•

trarily. the number or K which hccome pigmented increasc; 
until the fifth da� of co-culture and decrcascs thereafter. 

Key 11·ords: Mel .. nocyte; Culture; Pigment: Pigmentation: 
Guinea pig 

Pigment donation, i.e. the transfer of pigment from 

melanocytes 10 keratinocytes, is a major event in the 

mechanism of pigmcntation (5, 16). Basically, this 

transfer is achieved through the phagocytosis of the 

tips of melanocytic dendrites by keratinocytes. Such 

'cytophagocytosis· ( 13) has been documented both 

in vivo (4, 7, 11, I 2) and, in vitro (2, 3. 8, 13, 14, 21 ). 

Howevcr, quantitative approachcs in vitro have 

becn hampered by the fact that, in culture, most of 

the keratinocytes arc already loadcd with pigment 

at the timc they are set in culture because they havc 

benefited from pigment donation in vivo. lndeed, 

to accurately evaluate pigment transfer in vitro, the 

ideal situation would be that keratinocytes be devoid 

of melanin from the very inception of cuhure. 

1 This work. was presented at the IV Annuul Meeung of the
Europcan Soc1c1y for Dermatological Research, Amsterdam 
April 23-24, 1974. 
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In the present study we have developed a two-stagc 

technique ror the co-culture of melanocy1es and kera­

tinocytes. First, we isolated highly purified popula­

tions of mclanocytcs from pigmentcd guinea pig skin 

and second, we co-cultured these pigmented melano­

cytes with kcratinocytes from albino animals. 

MATERIALS AND METHODS 

Ear skin from commercial tricolor and so-called albino 
(Hartley Strain) guinca pig (Evic Ceba, Alanqucfort. France) 
\\as used. The day hefore culti,ation, ears werc dcpilated 
with a depilating wa,. \\ashed 3 limes w,th 0.9°0 NaCI and 
once with 70 "o ethanol. and thcn lreated with a mycosta1ic 
agent. 0n 1hc following day. the animals Y.cre sacrificed. The 
ears were removed, \\ashed as pre,ioust:r \\ith 0.9 °. NaCI 
and 70°0 ethanol. and dried. 

Cu/uire of ep11/1w11al tdls 
The tcchniquc Is derivcd from I hat previoubly describcd (17J. 

S1•para1ion oj epider111i.<_fro111 d1•r111i>. Ears wcre stuck ventral 
sidc do" n on a sterile support "11h the aid of steri,trips (3 \11 
Minncsota). Skin flaps from thc dorsal aspect wcre dermato­
mi,ed with an clectrokcratome (Castrovicjo) set at !evel I. 
The b�in flaps were thcn incuhated in 0. I 5°0 lr) psin in cal­
cium and magnesium-free pho,phale huffer (PBS) al 37 C. 

C11/lectio11 o_( 1111'111110,·ytes anti l,era1i11oc.1•1es. Aftcr 90 10 
120 min of incubation with tr)psin. the skin rtaps "ere 
transfcrrcd 10 J ml per rtap or culture medium consisting of 
Eagle"; BME (Flow Laboratories) supplcmenled wi1h 10° .. 
calf serum. The dermis "as then lifted up with rine forceps. 
The cells of thc basal la)er Y.hich had rcmained auached to 
the dermis were extracted by shaking for 30 scc with an 
agitator (Yorte,). The resulting cell su1pension was 1hcn 
filtered through two la}crs of gauze and ccntrifuged ror 10 
min al 500 g. The supernate wus discardcd and thc cells were 
suspended and washcd w ith PBS. Af ter washing, the cell 
pellet was treated "ith sodium citratc to separatc melnno• 

C) tes from �cratinocytes.
Trea1111en1 o_( c·pitlermal cell., with sodi11111 citr1111•. The pellet 

or cell; hanc,tcd from pigmented skin a, described above, 
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was suspended in 0.9 °0 aCI solution containini: 0.8 ",. 
sodium cilratc for 3 min. Usually. 1.5 ml of ;.odium citratc 
solution "as used to suspcnd 1he pellet of cells harves1ed from 
I\\O skin flaps. Following 1his trcatment, an equal amount of 
culture medium wus addcd. Cells were counted with" hcmo­
C)l0meter and cell "iabilily 1\3> estimated b) tf)pan blue 
exclusion. The cell suspcnsion was adjus1ed 10 5 I OJ cells/
ml. Such adjustcd suspcn;.ion containcd about I! 500 mclano-
C) lCS.

Co-c11/111rl' oj 11igme111ed me/n11oc.1·1e, and albino J..cra1i11u­
crt1'1. T\\O ml per lube of an ep1dermal cell suspens,on con­
taining 5 IO' cells per ml prcpnred from pigmcntcd cur skin 
of tricolor animal, and treated with sodium citrate were 
,ecded onto glass co,·er,lips ( 11 12 mm) in Lc,ghton tu hes. 
Twcnly-four hours later the medium was rcmo,ed and fresh 
medium was addcd. The medium" as 1hcreaf1er changed e,er) 
2 10 3 da),. Arter 7 da)S of cullure. a sccond cpidern,al cell 
su,pcnsion was prcpared from thc ear ,linor albino animals. 
T"o ml per tuhc of thi, suspcn,,on cuntaining 10" cells per 
ml. preparcd as ahove but nol lreatccl with sodium citra1e.
werc introduced 11110 thc tubes :ind the cells "cre allo \\cd 10
sediment on the same covcrslips on which 1hc first cullures
had been made a week bcfore.

Lt'!tht and dectra11 micro,,·op<' .\flulil!!J 

\1clanoc) te and lcratinoc) te culturc, \\ere f1wd for light 
m,croscopc e,am1na1ion b} dipp111g 1hc co1er,hps in metha· 
nol acetic acid (3: I) fi,a1ive. and staincd with Giem,a. 

ror elcc1ron micro,cope s1ud1c;., thc) "erc fi,cd in 3 • 
glutaraldch)de 111 Sören,cn pl10,phatc huffer (l.l M at pi I 
7.2 for 10 min. wa,hed \\ith thc phosphate huffer and post­
fhcd "ilh I•• o,mium 1c1ro>.1de 111 the same huffcr for 10 
min. Deh)dration and cmbedding werc carricd out on cells 
still attachcd 10 the co,cr\lips. a, pre, ,ou,I) described ( JO). 

The cell ,cction, \\Cre Mained 11i1h uran)I acetate and lead 
cilrate. 

AutoradioRraphy 

Cell culturcs "cre labcllcd "ith 3H-th) midmc at 1hc final 
concentration of 10 ,,c, ml (Spccific activity 10 Ci mM. 
C. LA .. Saclay, 1-rance) 111 the culture medium for 1 hours
at 11-c. Af1cr fi,a1ion \\ilh J '., glu1araldeh)de. the cell,
\\Crc trea1cd v.i1h 2" .. pcrchloric acid for 20 min al 4 C'. and
dipped in llford L4 emulsion. Aftcr 2 11ccks of c,posurc, thc
autoradiograph, 11cre dc,cloped "ith D19 B Kodak de,cl­
oper. 

RESULTS 

I. Punfied Me/011ocy1e Cullures

A. ,\,Jorphology of the culrurel

I. Comrol cultures 1w1 trea/ed with sodium ci1rate.

Epidermal cell� sedimented do 11 n onto the glass

support. Aftcr 24 hours a number of cells were firmly

attached, though a �ubstanlial part of the cell

population could be removed by gentle washing.

Thus. by changing ihe culture medium at thi� time

a !arge number of cells wcrc discarded. Il has been

our expcriencc that lhose cell, which had not
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attached by 24 hours would not do so in the follow­

ing hours and that to keep them longcr might be 

deleterious 10 the culture. 

After 3 4 days, numcrous small shcets of cpithclial­

like cells \>.,Cre scattered over the coverslip. Many 

branched cells identifiable as melanocytes bccause of 

their shape and pigment content wcre visible. They 

frequently formed bridges bctween adjacent groups 

of growing cells. Many contacts between melanocytes 

and keratinocytcs werc found. Most kcratinocytes 

contained pigment. 

2. C11/t11res treated with sodium cilrate. Epidermal

cells sedirnented onto the glass support. as above. 

Aftcr 24 hours, the number of cells which were 

rirmly attached and v.hich resisted the change of 

culture medium was far less than in untrcated cul­

tures. This diminution in numbcr was due 10 the 

loss of keratinocytes. Arter 3 4 days, isolated melano­

cytes werc visible throughout 1he co, erslip. The} 

appeared like massive, pigmented elements. There 

wcre no epithelial-like cell shee1s. Only rare isolated 

keratinoc} les could be seen (Fig. I a). 

At 5 days, the growth of thesc keratinocyte:, was 

very limiIed. Melanocyies developcd club-shaped 

cytoplasmic processcs which, on many occasions. 

e,aended from one ccll 10 the 0Iher. giving a nel\\ ork 

appearancc to 1he culture ( Fig. I b, c, d). Under the 

elcctron micro:.cope, Ihese melanocyte:, exhibited 

typical melanosome structures in thcir cytoplasm. 

These melanosomes could be seen a1 all s1agcs of 

maturarion. induding melanosorne stages I. 2, 3 

and fully melanized Mage 4 ( Fig. 2). The Golgi 10ne 

was well dcveloped. Mitochondria were small and 

fe\\ in number. The nucleus generally contained two 

nuclcoli and chromatin clumps locaIed closc to the 

inner nuclcar mcmbrane. 

At 7 days, culiures composcd of 90"0 or more 

melanocytes were routinely obtained. For the pur­

po�e of co-culturc. which will be described bclow, 

melanocylc cultures which had not reached this de­

gree of purity wcrc di�carded. 

B. Paramerers i11rofred i11 the p11ri(ic01io11 of

111e/a11ocy1e c11/111re.1·

I. Ef(ect of rrypsin. The numbcr of melanocyte:, pre­

sent on the covcrslip arter 5 days of euhure varied

\\ ith the duration of trypsini✓ation. This number cul­

m111aled around 700 ror trypsinization limes of the 

order of 110 _ 10 min. Trypsinization longer than 2

hours rcsultcd in a sharp dccrease in melanocyte

numbcr.



a 

Fig. I. Purified co,crslip culturcs of pigmen1ed melanocy1es. 

(a) Thrcc days afler 1he epidcrmal cell suspension was

1reated "ith sodium ci1ra1e and seeded. mosL of the cells 

which have remaincd auached to the coverslip are massive, 

pigmenied melanocytcs. 300. (b) Al 5 days. mclanocyles 

Studies 011 g11i11ea pig skin cell cultures. V 3 

tend 10 form irregular nctworks. Arrows point 10 melanocy1ic 

dendritcs. 300. (c. d) High magn,fications of melanocytes 

af1er 7 days in cullurc. The nucleus is small. Therc is a largc 

clear ,one near the nucleus. A fcw melanin grnnules arc 

lying rree on 1hc coverslip. This is due 10 rixa1ion. I 330. 
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Fig. 2. Ultrastructure of mclanocytes isolated b) treatmenl 

or the epidermal cell su�pension with sodium citrale. Electron 

micrograph of part of a melanocytc at 8 da)s or cuhure. 

Ac1<1 Dermaro,·cner (S1oekhalm) S6 

"1elanosomes al stages I, Il. 111 and IV are scen. Arrows 

point to mmure melanosomes. stage IV. which c,hibil in-

complcte. irregular melani7ation. 42 000. 
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Fi8. 3. Co-cuhure of pigmented melanocytcs and albino 

keratinocytes. (a) After 7 days of culture, a suspension of 
albino cpidermal cells was seeded on top or a purificd melano­
cy1c cuhure. P1gmented mclanoc)rtcs and albino keratino• 

cy1es were then co-cullured for 2 days. Arrows point 10 

albino kera1inocy1es. x 155. (b) This picturc. shows the con­

tact or a melanocytic dcndrite and a keratinocyte (arraw). 

This kera1inocyte con1ains pigment granules. Another kcra­

tinocytc (K) is not in contact with the tip of 1he dendritc. Il 

is devoid of pigment granules. x I 000. (c) Here, a keratino• 

C) te is in contact with 1"0 melanOC>tic expan�ions. The black

arrow poinls lO a con1ac1 associa1ed "ith pigment transfer:

lhe white arrow points lo a contact which is not associatcd

with pigment transfer. 1 000.
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Fig. 4. Electron microscopic views suggesting cytophagocyto­

sis. (a) A melanocyte is surrounded b) sc,eral kcra1inOC)IC�. 

A clcar space can be scen around the melanocyte. In some 

places, microvilli cxtentl from thc surface of the keratinocytes 

through this clcar space. Arrow� point to groups or melano• 

somcs which seem to be in thc process or being 1ransferrc<l 

10 the keratinocytes. 4 250. (b) Magnification or a lowcr 

Acta DermalfJl'ener (Stockho/111) .56 

section or the zone indicate<l on Fig. 4a by arrow number I. 

A rro" s point to pinching off or a group of melanosomes im· 

bedded in mclanocyte cytoplasm. 22 000. (c) Magnifica­

tion of the zonc indicatcd on Fig. 4a by arrow number 2. A 

group or mclanosomes imbedded in mclanocytc cytoplasm 

are cnwrappcd by cytoplasmic expansions origintlling from 

the surface of the adjacent keratinocytes. 22 000. 



2. Effects of sodium citrate. The efrect or sodiurn

citrate concentration in 0.9 % NaCI solution was 

sharply delimited: below 0.6 % it had no effect and 

above 1 % the rnelanocyte viability was affected. The 
best concentration was 0.8 %. The nurnber of melano­

cytes was highcst aftcr 5 days of culture for a treat­

ment duration of 3 min. Six min of contact of the 

epidermal cell sus pension with 0.8 % sodium citrate 

had a deleterious effect upon the viability of rnelano­

cytes, as estimated by cell morphotogy (lack of cell 

flattening and disruption of cytoplasrnic boundaries). 

3. Other parameters. (a) Preliminary data showed

that epidermal cells were sensitive to EDT A. Treat­

ment of epidermal cell suspensions with 0.02 % 

EDTA in place of sodium citrate was enough to 

prevent the attachment of keratinocytes. However, 

in such condition melanocytes did not adhere to the 

glass either. 

(b) On the contrary, treatment of epidermal cell

suspensions with 0.04 EGT A had no appreciable 

efrect on the selection of any of the two cell types. 

(c) Mixtures of sodium citrate and EGTA or

EDT A did not yield better sclection of melanocytes 

than that obtained with sodium citrate alone. 

(d) Variation of serum concentration in the cul­

ture medium was found to have little effect on tbe 

attachment of melanocytes. Tn particular, when a 

serum-free medium was used <luring the first 18-20 

hours of culture, !arge numbers of rnelanocytes could 

be seen, firmly attached to the coverslip. By contrast, 

the attachment of keratinocytes was highly de­
pendent upon serum concentration. Below 5 %, the 

number of keratinocytes which attached to the glass 

support was progressively reduced. In serum-free 

medium, very few keratinocytes adhered to the cover­

slip. 

ll. Co-cultures oj Pigmented Me/anocytes

and Albino Keratinocytes 

A. Morphology of cultures

When a suspension of albino epidermal cells was 

added to a culture of pigrnented melanocytes, 

numerous contacts between the two cell types readily 

occurred (Fig. Ja). One single melanocyte was fre­

quently seen in contact with two or more keratino­

cytes. 
Under the light microscope, two types of contacts 

were seen: one which was associated with the pres­

ence of pigment granules in the keratinocyte (Fig. 

3b), and another which was not (Fig. 3c). Under the 

Studies on guinea pig skin cell cultures. V 7 

electron microscope, a clear space could be seen be­

tween melanocyte-s and surrounding keratinocytes. 

Microvilli extended from keratinocytes through this 

clear space (Fig. 4 a). Photographs suggesting the 
pinching-off of bits of melanosome containing cyto­

plasm by these microvilli have been taken (Fig. 4b, c). 

Quantitatively, three parameters were considered 

according to tirne: 

(a) The total number of contacts between melano­

cytes and keratinocytes. This number was estimated 

in scoring all clearly identifiable contacts, irrespec­

tive of the presence or absence of pigment within the 

keratinocyte. 

(b) The number of melanocytes present on the

coverslip. 

(c) The number of contacts in which melanin

granules could be detected in keratinocytes. This 

number represented the total number of cell contacts 

which resulted in pigment transfer. 

A "contact index" was given by the ratio of a to 

b, i.e., total number of contacts between melanocytes 

and keratinocytes/number of melanocytes on the 

coverslip x 100. Sirnilarly, a "transfer index" was 

given by the ratio of c toa, i.e., number of contacts 

with pigment transfer in keratinocytes/total nurnber 

of contacts x 100. The variations of both contact and 

transfer indices were plotted against time (Figs. 5 

and 6). The "contact index" increased from day 3 
to day 9 after the onset of the co-culture; by contrast, 

the "transfer index" increased until the 5th day and 

then decreased significantly. 

B. Growth capacity of melanocytes and

keratinocytes in co-culture

Autoradiographic studies on 3-day-old co-cultures 

labelled with 'H-rhymidine, revealed that around 
30 % keratinocytes were labelled. No labelting was 

detected in melanocytes. 

DISCUSSION 

Partially purified cultures of non-malignant melano­

cytes have been obtained in various laboratories (8, 

18). However, no specific technique is available for 

the consistent isolation of purified populations of 

such cells. The use made in the present study of 

sodium citrate as selecting agent stems from the work 
or Billingham & Reynolds in 1952 (I), in which they 

used 0.8 % sodiurn citrate in saline to disperse epi­

dermal cells in order to prepare epidermal cell suspen­

sions for transplantation. 
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Fig. 5. Variation or the contact index according to timc. This 
index increases from day 3 to day 9 after the start of co­
culture. 

Back in 1965, one of us noticed that melanocytes 

attached to a glass support more rapidly than did 

keratinocytes. lndeed, partial selection of melano­

cytes could be achieved in Cruickshank's culture 

chambers by letting the epidermal cell suspension 

first sediment on the glass side of the chamber for 

15 to 18 hours and then by inverting the chamber to 

allow those cells which had not attached to the glass 

to adhere to the opposite, plastic surface of the 

chamber (14). Since the attachment of cells to glass 

is largely dependent upon the presence of divalent 

cations like Ca++ and Mg++ in cell environment (9, 

19), it was thought that the difference in attachment 

ability might be related to different susceptibilities of 

these cells to the presence of Ca ++ and/or Mg++ . 

Therefore, if these cations were displaced at the 

proper time, it could be that keratinocytes would be­

come completely loosened, whereas melanocytes 

would remain able to adhere to the glass support. 

The experiments reported in this paper show that the 
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Fig. 6. Variation of the transfer index according lo lime. 
The index increases up to 5 days after the stan of the co­
culture and decreases thereafter. 
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use of sodium citrate reduces the number of keratino­

cytes which attach to the glass to such a point as to 

permit selection of a highly purified population of 

melanocytes. Coverslip cultures composed of 90% 

or more melanocytes were easily obtained on a 

routine basis. However, the number of selected mela­

nocytes is very low. Not more than 600 to 700 

melanocytes were selected out of a cell suspension 

containing I o• elements. Since there are about 12 500 

me!anocytes in an epidermal suspension of 5 x 10• 

cells, this means that no more than T out of 40 mela­

nocytes or so will actually adhcre to the glass and 

flatten out. This indicates first, that the population of 

melanocytes is heterogeneous and second, that in 

vitro cultures prepared according to the technique 

described herein are only partially representative of 

the in vivo situation. 

It is of interest to note that the values of the 

"transfer index" as defined in this study are different 

from those of the "transfer index" of Klaus (8). In 

Klaus' calculation, the maximum transfer activity 

was reached after 13 to 14 days of culture, and cul­

minated at 24.8. In the experiments reported herein, 

transfer activity peaked at the 5th day of co-culture 

and reached 70%. Therc is little difference between 

these two studies as regards the time at which maxi­

mum transfer activity occurred. Since the albino 

cell suspension was added to the melanocyte culture 

after 7 days of cultivation and the peak of transfer 

activity occurred after 5 days of co-culture, the total 

time spent by melanocytes in vitro amounts in fact 

to J2 days in our experiments. As far as the transfer 

activity itself is concerned, however, our values are 

much higher than those of Klaus. One may wonder 

whether this reflects technical disparity. In our study, 

we counted the number of contacts associated with 

the presence of pigment in keratinocytes as positive 

and these not associated, as negative. In so doing, 

we estimated the result of the transfer process. In 

Klaus' experiments, the parameters chosen to evalu­

ate the transfer activity were not the result of but 

rather the active part of the process, namely, the 

withdrawal of dendrites and melanin package diges­

tion. This Jatter procedure is perhaps more difficult 

since it requires some effort in interpretation, where­
as in our system we deal with a yes/no situation . 

Basically, however, there is no fundamental differ­

ence between the two modes of evaluation. 

On the other hand, the definition of the melano­

cyte-keratinocyte pair in Klaus' paper takes into 

account the fact that one single melaoocyte can be 



associated with more than one kcratinocyte. In like 

rnanner, we have counted all contacts whatevcr the 

number of keratinocytcs involved. Thus, technical 

difrcrences do not seem to explain the rnuch higher 

activity observed in our systern. 

One possibility is that the presence of melanin 

granules in keratinocytes depresses the phagocytic 

ability of this cell. It would then be understandable 

why the transfer of pigment was higher in our experi­

ments (in which phagocytosing cells were pigment 

Free) than in Klaus' experiments in which cultures 

were derived from pigmented skin where many if not 

all keratinocytes already contained some pigment at 

the lime of cultivation. 

Finally, this study furnished an opportunity to 

examine contacts between melanocytes and keratino­

cytes in vitro, by means of the electron microscope. 

In addition to confirming previous rindings (6, 15, 

20), attention is attracted to microvilli, which extend 

from the surface of keratinocytes and seem to play a 

part in the cytophagocytosis process by which mela­

nosomes are transferred from thc melanocyte lo the 

keratinocyte. 
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ADDENDUM 

Since tbis paper was sent for publication, a study by P. A. 

Riley appeared in the Br. J. Dermat 92; 291, 1975, which 

deals with thc same subjcct. According to Rilcy, the culture 

of epidermal cells in the prescnce of high tension oxygcn 

would permit 10 select purified populations of melanocytes 
which woutd incorporo.te thymidinc and enter mitosis in 

vitro. Sincc, in our procedurc, puriried melanocytes do not 

multiply, it would be an indication that oxygen tension 

might be a kcy factor in the induction of growth of melano• 

cytes in culture. 
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