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STUDIES ON GUINEA PIG SKIN CELL CULTURES?

V. Co-culture of Pigmented Melanocytes and Albino Keratinoeyies. a Model for the Study of Pigment Transfer
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Abstract. Mixed cultures of melanocytes (M) and Keratino-
cytes (K) are casily obtained from pigmented guinea pig car
skin. They are suitable for the study of pigment transfer
from M to K. IHowever, quantitation is difficult hecause many
K are alrcady loaded with pigment prior to cultivation. A
technique is presented in which pigment-producing M are co-
cultured with K of albino origin. Pigmented guinca pig car
skin s split with trypsin and basal cells including M are
harvested. The cell suspension is treated with sodium citrate
which prevents the attachment of K (hut not of M) to the
culture substrate. Ninety per cent pure M cultures are ob-
tained. Five to seven days later. another basal cell suspension
is prepared, this time from albino ¢ar skin. This second
suspension is seeded on top of the pigment-forming culture
of M. The number of contacts between albino K and pig-
ment-forming M increases as a direct function of time. Con-
trarily, the number of K which hecome pigmented increases
until the fifth day of co-culture and decreases thercafter.
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Guineca pig

Pigment donation, i.e. the transfer of pigment from
melanocytes to keratinocytes, is a major event in the
mechanism of pigmentation (S, 16). Basically, this
transfer is achieved through the phagocytosis of the
tips of melanocytic dendrites by keratinocytes. Such
‘cytophagocytosis’ (13) has been documented both
invivo (4, 7, 11, 12) and, in vitro (2, 3, 8, 13, 14, 21).

However, quantitative approaches in vitro have
been hampered by the fact that, in culture, most of
the keratinocytes are already loaded with pigment
at the time they are sct in culture because they have
benefited from pigment donation in vivo. Indeed,
to accurately evaluate pigment transfer in vitro, the
ideal situation would be that keratinocytes be devoid
of metanin from the very inception of culture,

! This work was presented at the 1V Annual Meeting of the
European Soctety for Dermatological Rescarch, Amsterdam
April 23-24, 1974,

1762801

In the present study we have developed a two-stage
technique for the co-culture of melanocytes and kera-
tinocytes. First, we isolated highly purified popula-
tions of melanocytes from pigmented guinea pig skin
and second, we co-cultured these pigmented melano-
cytes with keratinocytes from albino animals.

MATERIALS AND METHODS

Animals

Ear skin from commercial tricolor and so-called albino
(Hartley Strain) guinea pig (Evic Ceba. Blanquefort, France)
was used. The day hefore cultivation, ears were depilated
with a depilating wax, washed 3 times with 0.9°% NaCl and
once with 70% ethanol. and then treated with a mycostatic
agent. On the following day. the animals were sacrificed. The
cars were removed, washed as previously with 0.9 Na(Cl
and 70 ethanol. and dried.

Culture of epidermal cells
The technigue 1s derived from that previously described (17).

Separation of epidermis from dermis. Ears were stuck ventral
side down on a sterile support with the aid of steristrips (3M
Minnesota). Skin flaps from the dorsal aspect were dermato-
mized with an clectrokeratome (Castrovicjo) set at level I,
The skin flaps were then incuhated in 0.15° trypsin in cal-
cium and magnesium-free phosphate huffer (PBS) at 37 C.

Collection of melanocyres and keratinocytes. After 90 to
120 min of incubation with trypsin, the skin ftaps were
transferred to 3 ml per flap of culture medium consisting of
Eagle’s BME (Flow Laboratories) supplemented with 102,
calf serum. The dermis was then lifted up with fine forceps.
The cells of the basal layer which had remained attached to
the dermis were extracted by shaking for 30 sec with an
agitator (Vortex). The resulting cell suspension was then
filtered through two layers of gauze and centrifuged for 10
min at 500 g. The supernate was discarded and the cells were
suspended and washed with PBS. After washing, the cell
pellet was treated with sodium citrate to separate melano-
cytes from keratinocytes.

Treatment of epidermal cells with sodium citrate. The pellet
of cells harvested from pigmented skin as described above,
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was suspended in 0.9Y; NaCl solution containing 0.8°,
sodium citrate for 3 min. Usually, 1.5 ml of sodium citrate
solution was used to suspend the pellet of cells harvested from
two skin flaps. Following this treatment, an equal amount of
culture medium was added. Celis were counted with a hemo-
cvtometer and cell viability was estimated by trypan blue
exclusion. The cell suspension was adjusted to 5 10 cells
ml. Such adjusted suspension contained about 12 500 mclano-
cytes.

Co-culture of pigmented melanocyies and albino keratino-
cvtes. Two ml per tube of an epidermal cell suspension con-
taining 5 - 10° cells per ml prepared from pigmented car skin
of tricolor animals and treated with sodium citrate were
seeded onto glass coverslips (12 32 mm) in Leighton tubes.
Twenty-four hours later the medium was removed and fresh
medium was added. The medium was thereafier changed every
2 o 3 days. After 7 days of culture. a second epidermal cell
suspension was prepared from the ear skin of albino animals.
Two ml per tube of this suspension containing 10° cells per
ml. prepared as above but not treated with sodium citrate.
were introduced into the tubes and the cells were allowed to
sediment on the same coverslips on which the first cultures
had been made a week before.

Light and electron microscope studies

Melanocyte and keratinocyte cultures were fixed for light
microscope examination by dipping the coverslips in metha-
nol /acetic acid (3: 1) fixative. and stained with Giemsa.

For clectron microscope studies. they were fixed in 3
glutaraldehyde in Sorensen phosphate buffer 0.1 M at pH
7.2 for 10 min, washed with the phosphate buffer and post-
fixed with 1% osmium tetroxide In the same buffer for 10
min. Dehydration and embedding were carricd out on cells
still attached to the coverslips. as presiously described (10).
The ccell sections were stained with uranyl acetate and lead
citrate.

Awtoradiograpihy

Celi cultures were labelled with 3H-thymidine at the final
concentration of 10 Ci'ml (Specific activity 10 CiimM,
C.E.A., Saclay, France) in the culture medium for 3 hours
at 37°C. After fixation with 37, glutaraldchyde. the cells
were treated with 29, perchloric acid for 20 min at 4 C. and
dipped in llford L4 emulsion. After 2 weeks of exposure, the
auwtoradiographs were developed with D19 B Kodak devel-
oper.

RESULTS
1. Purified Melanocyte Cultures

A. Morphology of the cultures

1. Control cultures not meated with sodium citrate.
Epidermal cells sedimented down onto the glass
support. After 24 hours a number of cells were firmly
attached, though a substantial part of the cell
population could be removed by gentle washing.
Thus. by changing the culture medium at this time
a targe number of celis were discarded. 1t has been

our experience that those cells 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 longer might be
deleterious to the culture.

After 3-4 days, numerous small sheets of cpithelial-
like cells were scattered over the coverslip. Many
branched cells identifiable as melanocytes because of
their shape and pigment content were visible. They
frequently formed bridges between adjacent groups
of growing cells. Many contacts between melanocytes
and keratinocytes were found. Most keratinocytes
contained pigment.

2. Cultures treated with soditm citrate. Epidermal
cells sedimented onto the glass support. as above.
After 24 hours, the number of cells which were
firmly attached and which resisted the change of
culture medium was far less than in untreated cul-
tures. This diminution in number was due to the
loss of keratinocytes. After 3-4 days, isolated melano-
cytes were visible throughout the coverslip. They
appcared like massive, pigmented elements. There
were no epithelial-like cell sheets. Only rare isolated
keratinocyvtes could be seen (Fig. | a).

At 5 days, the growth of thesc keratinocytes was
very limited. Melanocytes developed club-shaped
cytoplasmic processes which, on many occasions,
extended from one cell 1o the other, giving a network
appearance to the culture (Fig. 1b, ¢. ). Under the
clectron microscope. these melanocytes exhibited
typical melanosome structures in their cytoplasm.
These melanosomes could be seen at all stages of
maturation, including melanosome stages 1. 2, 3
and fully melanized stage 4 (Fig. 2). The Golgi zone
was well developed. Mitochondria were small and
few in number. The nucleus generally contained two
nucleoli and chromatin clumps located close to the
inner nuclear membrane,

At 7 days, cultures composed of 909 or more
melanocytes were routinely obtained. For the pur-
pose of co-culture. which will be described below,
melanocyte cultures which had not reached this de-
gree of purity were discarded.

B. Paramerers involved in the purilication of
melanocyee culiures

1. Eftect of rrypsin. The number of melanocytes pre-
sent on the coverslip after 5 days of culiure varied
with the duration of trypsinization. This number cul-
mmated around 700 for trypsinization times of the
order of 110 = 10 min. Trypsinization longer than 2
hours resulted in a sharp decrease in melanocyte
number.



Studies on guinea pig skin cell cultures. V3

-

Fig. 1. Purified coverslip cultures of pigmented melanocytes. tend to form irregular networks. Arrows point to melianocytic
(@) Three days after the epidermal cell suspension was dendrites. * 300. (¢, /) High magnifications of melanocytes
treated with sodium citrate and seeded. most of the cells after 7 days in culture. The nucleus is small. There is a large
which have remained attached to the coverslip are massive, clear zone ncar the nucleus. A few melanin granules are
pigmented melanocytes. = 300. () At § days. melanocytes lying free on the coverslip. This is due to fixation. 1 330.
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Fig. 2. Ultrastructure of melanocytes isolated by treatment Melanosomes at stages I, 11. 11l and IV are seen. Arrows
of the epidermal cell suspension with sodium citrate. Electron point to mature melanosomes, stage 1V, which ¢xhibit in-
micrograph of part of a melanocyte at 8 days of culture. complete, irregular melanization. - 42 000.
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Fig. 3. Co-culture of pigmented melanocytes and albino
keratinocytes. () After 7 days of culture, a suspension of
albino cpidermal cells was seeded on top of a purified melano-
cyte culture. Pigmented melanocytes and albino keratino-
cytes were then co-cultured for 2 days. Arrows point (0
albino keratinocytes. x 155. (b) This picture shows the con-
tact of a melanocytic dendrite and a keratinocyte (arrow).
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This keratinocyte contains pigment granules. Another kera-
tinocyte (K} is not in contact with the tip of the dendrite. It
is devoid of pigment granules. x | 000. (¢) Here, a keratino-
cyte is in contact with two melanocytic expansions. The black
arrow points to a contact associated with pigment transfer;
the white arrow points to a contact which is not associated
with pigment transfer. « 1 000.
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Fig. 4. Electron microscopic views suggesting cytophagocyto-
sis. (¢} A melanocyte is surrounded by several keratinocytes.
A clear space can be seen around the melanocyte. In some
places, microvilli extend from the surface of the keratinocytes
through this clear space. Arrows point to groups of melano-
somes which seem to be in the process of being transferred

to the keratinocytes. 4 250. () Magnification of a lower
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section of the zone indicated on Fig. 4« by arrow number 1.
Arrows point to pinching off of a group of melanosomes im-
bedded in melanocyte cytoplasm. - 22000. (¢) Magnifica-
tion of the zone indicated on Fig. 4a by arrow number 2. A
group of melanosomes imbedded in mclanocyte cytoplasm
are enwrapped by cytoplasmic expansions originating from
the surface of the adjacent keratinocytes. = 22 000.



2. Effects of sodium citrate. The effect of sodium
citrate concentration in 0.9% NaCl solution was
sharply delimited: below 0.6% it had no effect and
above 1% the melanocyte viability was affected. The
best concentration was 0.8 %. The number of melano-
cytes was highest after 5 days of culture for a treat-
ment duration of 3 min. Six min of contact of the
epidermal cell suspension with 0.8 % sodium citrate
had a deleterious effect upon the viability of melano-
cytes, as estimated by cell morphology (tack of cell
flattening and disruption of cytoplasmic boundaries).

3. Other parameters. (a) Preliminary data showed
that epidermal cells were sensitive to EDTA. 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.

(h) On the contrary, treatment of epidermal cell
suspensions with 0.04 EGTA had no appreciable
effect on the selection of any of the two cell types.

(¢) Mixtures of sodium citrate and EGTA or
EDTA did not yield better selection of melanocytes
than that obtained with sodium citrate alone.

(d) VYariation of serum concentration in the cul-
ture medium was found to have little effect on the
attachment of melanocytes. In particular, when a
serum-free medium was used during the first 18-20
hours of culture, large numbers of melanocytes 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.

1. Co-cultures of Pigmented Melanocytes
and Albino Keratinocytes

A. Morphology of cultures

When a suspension of albino ecpidermal cells was
added to a culture of pigmented melanocytes,
numerous contacts between the two cell types readily
occurred (Fig. 3a). 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. 3¢). Under the
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electron microscope, a clear space could be seen be-
tween melanocytes and surrounding keratinocytes.
Microvilli extended from keratinocytes through this
clear space (Fig. 4a). Photographs suggesting the
pinching-off of bits of melanosome containing cyto-
plasm by these microvilli have been taken (Fig. 46, ¢).

Quantitatively, three parameters were considered
according to time:

(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.

(h) The number of melanocytes present on the
coverslip.

(¢) 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 « to
b, i.e., total number of contacts between melanocytes
and keratinocytes/number of melanocytes on the
coverslip % 100. Similarly, a ‘“‘transfer index™ was
given by the ratio of ¢ to q, i.e., number of contacts
with pigment transfer in keratinocytes/total number
of contacts = 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-thymidine, revealed that around
309% keratinocytes were labelled. No labelling 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
of Billingham & Reynolds in 1952 (1), in which they
used 0.8% sodium citrate in saline to disperse epi-
dermalcells in order to prepare epidermal cell suspen-
sions for transplantation.
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Fig. 5. Variation of the contact index according to time. 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. Indeed, partial selection of melano-
cytes could be achicved 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 celis which had not attached to the glass
to adherc 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** andfor Mgt+,
Therefore, if these cations werc 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 to time.

The index increases up to 5 days after the start of the co-
culture and decrcases 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 10% elements. Since there are about 12 500
melanocytes in an epidermal suspension of 5 x10%
cells, this means that no more than I 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 Sth day of co-culture
and reached 70%. There 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 pcak of transfer
activity occurred after 5 days of co-culture, the total
time spent by melanocytes in vitro amounts in fact
to 12 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 latter procedure is perhaps more difficult
since it requires some effort in interpretation, where-
as in our system we dcal 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 melanocyte can be



associated with more than one kecratinocyte. In like
manner, we have counted all contacts whatever the
number of keratinocytes involved. Thus, technical
differences do not seem to explain the much higher
activity observed in our system.

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 time 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 findings (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 the melanocyte to the
keratinocyte.
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ADDENDUM

Since this paper was sent for publication, a study by P. A.
Riley appcared in the Br. J. Dermat 92; 291, 1975, which
deals with the same subject. According to Riley, the culture
of epidermal cells in the presence of high tension oxygen
would permit to sclect purified populations of melanocytes
which would incorporate thymidinc and enter mitosis in
vitro. Since, in our procedure, purified melanocytes do not
multiply, it would be an indication that oxygen tension
might be a key factor in theinduction of growth of melano-
cytes in culture.
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