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________________ synopsis 

We have studied the influence of different g lycosphingolipids o n human keratinocytes in culture 
and their action on cellular proliferation. We found none of the molecules utilized had any cytotoxic 
effect. Moreover, the glycosphingolipids could mod ify the proliferatio n rate of keratinocytes. These 
molecules could play a role as epidermal eutrophic, repairing and protective agents and could a lso 
be used as vehicles for cosmetically active products. 

------------------Riassunto 

Prove condotte util izzando d iversi g licosfingolipidi hanno dimostrato che queste molecole non 
hanno effetto c itotossico sulle colture in vitro di cheratinociti umani , e che alcuni sono in grado d i 
modificare la capacità prolife ra tiva di queste cell ule. Essi potrebbero quindi essere util izzati come 
agenti eutrofici, riparati vi e protettivi de ll ' ep idermide ed anche come veicoli per sostanze cos
meticamente attive. 
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I ntroduction 

Glycosphingolipids are amph ipatic molecules, 
which are norma i compo nents of ce llul ar 
membranes ( I, 2), and are also present in the 
plasma membranes of epidermal cells. When 
they are exogenously added to " in vitro" cul
tured cells, they become strongly incorporateci 
in the plasma membrane (3,4). In this situation, 
they become bioc hem ica ll y identica) to e n
dogenous g lycolipids and mimic their metabolic 
pathway. Moreover, the exogenous enrichment 
of cells can cause a modified archi tecture of the 
cellular membranes, and o ffers the possibili ty to 
modify the cel lular response. In the present 
work, we begin to study if the exogenous treat
ment with these molecules might play a ro le in 
epidermal structure and fu nction. 

Materials and methods 

All the materi als for celi culture were from Ir
v i ne Sc ie ntifi c (Sa nta Ana , CA, U.S .A.) . 
Mito myc in C, ins ulin , tran sferrin , triiod o
thyronine, adeni ne and cholera toxin were from 
Sigma Chem. Co. (St. Louis, MO, USA). 3H
thym idine ( [3H]TdR) from Amersham (Li ttle 
Chalfont, U.K.). Glycosphingo lipids were ex
tracted a nd purifi ed from beef brain. T he ir 
purity was over 99%. 

Preparation of epidermal 
celi suspension 

The epidermal celi suspension was prepared by 
enzymatic release of cel ls from the epi dermis 
after initial separation from the dermis. The skin 
(2c1112 area) was cut with surgical scissor to 
s ma ll s lices . These were treated in Tryp-
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sin/EDTA (Trypsin 0.5g (I :250)/EDTA 0.2g; lh 
at 37°C. The dermis was discarded and the 
e pidermal ce ll s were ha rvested a nd then 
centrifu ged. The pe llet was resu spended in 
medium without EGF and seeded in 25 cm2 cul
ture flasks with a layer of mitomyci n C-treated 
3T3 fibroblasts. 

3T3 fibroblasts culture 

Murine 3T3 cells were cultured in Dulbecco 's 
modified Eagle medium (DMEM) containi ng 
I 0% foetal calf serum (FCS). Confluent cultures 
of 3T3 cell s were treated with mitomyci n C 
(4µg/ml) (5,6) for 2h, washed twice w ith PBS 
and harvested with 0.2% EDTA in PBS to 
detach the cel ls from the culture flask. The cells 
were plated in flasks for human keratinocyte 
culture with a density of 20000 cells/cm2, 4 h 
prior to ini tiation of epidermal celi cultures. 

Epidermal celi culture 

Human ECs were c ultured as descri bed by 
Rheinwald & Green (7). The cells were inocu
lateci at a density of 8000 cells/cm2 into 25 cm2 

flasks containing the mitomycin C- treated 3T3 
fibroblasts. With th is density the keratinocytes, 
in normai condition, reach a confluent layer in 
8-9 days. The growth medium (I Orni) consisted 
of a 3: 1 mi xture of DMEM and Ham 's Fl2 
medium supplemented with I 0% FCS, 5µg/ ml 
in sulin, 5µg/m l tra nsferrin , 2x I Q·9 M 
triiodothyronine, I .8x 104 M adenine and lnM 
cholera toxin. 48 h after initiation and subse
quently every second day, the cultures were fed 
with the same med ium containing LOµg/m l 
epidermal growth factor (EGF). For the harvest
ing of different g lycolipid cultures ten plates 
(35mm culture dishes) were prepared in a li ex
periments. 
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Treatment with 
g/ycosphingolipids 

Gly cosphingo lipids (GM 1, asialoGM 1, 
glucosylceramide, gaJactosylceramide, lactosyl
ceramide and sulfatide) were dissolved in the 
culture ECs medium with EGF and without 
FCS. The medium containing a given glycos
phingolipid (I0·5M), was added to the celi cul
tures every day for a period of I h. After incuba
ti on, the medium was removed and the cells 
were washed twice with I ml PBS. The ECs 
medium was again added, except to the cells for 
thymidine incorporation. 

Thymidine incorporation 
assay 

The pro liferative ac tivity of th e different 
glycol ipids was assessed by monitoring [3H] 
thymidine ([3H] TdR) incorporation. The [3H] 
TdR was dissolved (4µCi/ml ) in ECs medium 
s upple mented with 10% FCS. At different 
times, immediately after the treatment with 
glycolipids, the cultures were pulsed wi th 
4µCi/pl ate [3H] TdR (Amersham International) 
and cultured for an additional 6 h. The cells 
were washed twice with lml PBS. The cells 
were treated overnight in 300µ1 of 0.5 M NaOH, 
and 10µ1 of the so lution were counted for 
radioactivity with a Packard B- counter. 

Results 

Microscopie examination showed a normai 
growth of human keratinocytes treated or not 
treated with glycosphingolipids. 4 - 5 days after 
the epidermaJ celJs were seeded, colonies were 
present in ali culture plates. The morphology of 

untreated and treated cells was the same. Nine 
days after the inoculation, the cells formed a 
confluent monolayer, as predicted. The [3H] 
TdR incorporation was measured after one day 
(TO), 2 days (TI), 5 days (T2) and 8 days (T3). 
After 8 days, we observed a marked decrease of 
[3H] TdR incorporation in both the glycosphin
golipid-treated cultures and the contro! ones. In 
these conditions the cells become confluent and 
this explains the low values of [3H] TdR incor
poration obtained in ali samples. 
The % of ['H] TdR incorporation at confluence 
is 5% of that observed after I day in culture. A 
di fferent be haviour was observed between 
keratinocytes wh ich had been treated with dif
ferent g lycosp hingolipids. The keratinocytes 
present in the untreated cultures showed a 
decrease of [3H] TdR incorporation for ali the 
experiment (Fig. 1). We observed that the cells 
treated with GMl and asialoGM I showed at TO 
a decrease (-28% for both) of [3H] TdR incor
poration in respect to the contro!. In TI and T2, 
there was an increase of [3H] TdR incorporation 
(TI: GMI + 23%, asialoGM l + 26%: T2: GMI 
+ 65%, asialoGMI + 56%) (Fig. 2). The epider
mal cell s treated with the two g lycolipid s 
showed a strong decrease of incorporation at 
T3, that anyway remained higher than untreated 
cells (+45% and + 31 % respectively). 
With glucosylceramide (fig. 3), at TO and TI, 
values of [3H] TdR incorporation were similar 
to those obtained for the contro( (- 13% and -
3.6% respectively). After 5 days of treatment 
with the glycolipid (T2), the [3H] TdR incor
poration reached the values observed with GM I 
and asialoGM l ( +64.4% ). 
Lactosylceramide and s ulfatide ( fi g. 3) 
produced at TO, at TI and at T3, [3H] TdR in
corporati on Jevels comparable with the contro! 
cell s. An increase was observed at T2 (+35% 
and +45%). With galactosylceramide the values 
of radioactivity incorporation were: TO: -28%, 
TI : -18%, T2: - 10.5%. At T3 a small increase 
of incorporation (+26%) was found compared to 
the control. 
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Discussion 

Microscopie examination and [3H] TdR incor
poration indicated a normai proliferation for 
cul tures treated with ali glycolipids. From this 
point of view glycosphingolipids do not inter
fere with the epidermal celi cultures. However, 
they affect the proliferation rate of 
keratinocytes; the resu lts obtained with [3H] 
TdR incorporation showed that different glycos
phingolipids affect the celi cultures. GMl and 
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asialoGM I efficiently promoted the rate of cel
lular proliferation for the whole duration of the 
experiment, while galactosylceramide caused a 
decrease of the rate. 
The other g ly cosphingolipids (g lucosy l
ceramide, lactosylceramide and sulfatide) posi
tively affected the proliferation as shown by the 
experiments. In conclusion, some glycosphin
gol i pids seem to exert a positive effect o n 
keratinocytes proliferation. This eutrophic effect 
could be employed for cosmetic purposes on 
human skin . 
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3H-thymidine incorporotlon into humon kerotinocytes ot different times in culture. 
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FIGURE 2 

'H-thymidine ( ('HJ TdR) lncorporotion ofter treotment of 
humon kerotinocyte5 in culture with ditterent g/ycolipid5. 
('HJ TdR incorporotion into kerotinocyte5 not treoted 
with glycolipid5 token 05 100% (contro/). 
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