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Human epidermal cells obtained from foreskin were grown without any feeder layers and
glycosaminoglycan synthesis of the epidermal cells were investigated using *H-glucosa-
minc as a tracer. At logarithmic and confluent phase of primary culture and confluent
phase of 2nd passage culture glycosaminoglycans were found te be actively synthesized.
The major component of synthesized glycosaminoglycans was hyaluronic acid. Our study
indicates that cultured human epidermal cells constantly produce hyaluronic acid and
suggests that glycosaminoglycans in the intercellular region of the epidermis seem to be
synthesized by epidermal cells. Key words: Epidermis; Mucopolysaccharides; Keratino-
cyte. (Received April 10, 1985.)

A. Konohana, Department of Dermatology. Keio University School of Medicine, Shinano-
machi 35, Shinjuku-ku, Tokyo 160, Japan.

Glycosaminoglycans (GAGs) in the dermis are an important component of dermal connec-
tive tissue and have been well studied. However. few data on GAGs in the epidermis have
been reported. We proved that GAG content in human foreskin epidermis is about a half of
the dermis and its major component is hyaluronic acid (unpublished data). Recently, the
epidermis has been found to synthesize GAGs in vitro (I, 2). In the present work, we have
cultured human epidermal cells without any feeder layers and have investigated the
synthesis of GAGs under this condition.

MATERIALS AND METHODS
Epidermal cell culture

Foreskins were obtained during surgical circumcision. defatted, cut into strips and incubated with
0.25 % trypsin in phosphate buffered saline (pH 7.4) at 4°C overnight. The epidermis was separated
using forceps from the dermis and shaked in Dulbecco’s Eagle medium (Gibco Laboratories, Ohio,
USA) supplemented with 20% fetal calf serum (Gibco Laboratories, Ohio. USA) and 0.6 pg/ml
hydrocortisone. Isolated epidermal cells were inoculated at the density 5x 10° cells per 35 mm culture
dish (Miles Laboratories, lllinois, USA) with 2 ml of the above-described medium and cultured at
37°C under 5% CO0;-95% air. The medium was changed twice a week. Two weeks after the
inoculation epidermal cells became confluent and were subcultured according to the technique of
Rheinwald et al. (3). In the 2nd passage culture 2x 10* epidermal cells per dish were innoculated and
became confluent within three weeks.

Labelling method of cultured epidermal cells

The cells were preincubated for 6 hours in the fresh medium supplemented with 20 % fetal calf
serum and 0.6 pg/ml hydrocortisone. Then, the cells were incubated in the fresh medium containing
100 uCi of p-{6-*H(N)]-glucosamine hydrochloride (31.3 Ci/mmol, New England Nuclear) for 18
hours. The medium and cell fractions were harvested separately.

Isolation and identification of synthesized glycosaminoglvcans

After digestion with pronase (Kakenseiyaku, Tokyo, Japan) at 50°C for 2 days. the sample was
precipitated with 10% trichloroacetic acid at 4°C. The supernatant was dialysed against distilled
water and lyophilized. Isolated GAGs were subjected 1o electrophoresis on cellulose acetate
membranes with 0.1 M pyridine-0.47 M formate buffer, pH 3.0. Membranes were sliced into 2 mm
strips, which were dissolved in 1.4-dioxane. Their radioactivity was counted in 10 ml of Aquasol-2
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Fig. 1. Electrophoretic pattern of synthesized glycosaminoglycans isolated from the medium fraction
of the 2nd passage culture. The 2nd passage culture of human epidermal cells was labelled with *H-
glucosamine. Glycosaminogliycans isolated from the medium fraction were subjected to electrophore-
sis on cellulose acetate membranes. Membrancs were sliced into 2 mm strips, dissolved in 1,4-dioxanc

and their radioactivity was measured. HA = hyaluronic acid: DS = dermatan sulfate; 4S = chondroi-
tin 4-sulfate.

Fig. 2. Electrophoretic pattern of synthesized glycosaminoglycans isolated from the cell fraction of
the 2nd passage culture. The 2nd passage culture of human epidermal cells was labelled with *H-
glucosamine. Glycosaminoglycans isolated from the cell fraction were subjected to electrophoresis on
cellulose acetate membranes. Membranes were sliced into 2 mm strips, dissolved in 1.4-dioxane and

their radioactivity was measured. HA = hyaluronic acid; DS = dermatan sulfate; 4S = chondroitin 4-
sulfate.

(New England Nuclear) by a liquid scintillation counter (Aloka, Japan). Aliquots of samples were

treated with Strepromyces hyaluronidase (Seikagaku Kogyo. Tokyo. Japan) (4) and then subjected
to electrophoresis.

RESULTS

In both medium and cell fractions from the primary cultures on the 7th and 14th days and
from the 2nd passage culture on the 21st day, synthesis of GAGs were tested. Electrophor-
etic patterns of synthesized GAGs isolated from the medium and cell fractions of the 2nd
passage culture (Figs. 1-2) showed a main single peak, which was susceptible to hyaluroni-
dase (data not shown) and confirmed to be hyaluronic acid. Identical results were obtained
in the primary culture on the 7th and 14th days (data not shown).

Distribution of synthesized GAGs between the medium and cell fractions was
29%:71%, 22% :78 % and 32%:68% in the primary cultures on the 7th and 14th days
and the 2nd passage culture, respectively.

DISCUSSION

Recently Brown et al. (5) reported that cultured normal human epidermal keratinocytes
produced GAGs which consisted of hyaluronic acid (54 %) and heparan sulfate (33 %).
The similar data were obtained by Roberts et al. (6). The present study proved that



58  Short reports Acta Derm Venereol (Stockh) 66

cultured human epidermal cells can synthesize GAGs and the major component of
synthesized GAGs is hyaluronic acid. However, our cells did not produce heparan
sulfate as much as their cells. The difference of heparan sulfate synthesis may be
explained by the difference of culture method. Their cells needed mouse fibroblasts as a
feeder layer, but our cells were cultured without any feeder which might influence on
GAG synthesis of epidermal cells. Epidermal cells cultured with a feeder layer grow
rapidly (3) and are supposed to actively synthesize heparan sulfate, which is one of
basement membrane components (7, 8), as SV-40 transformed keratinocytes were proved
to produce mainly heparan sulfate (9).

Our results implying that epidermal cells mainly produce hyaluronic acid are compati-
ble with our recent data showing that only hyaluronic acid is detected in analysis of
GAGs in human foreskin epidermis (unpublished data). It may be suggested that alcian
blue positive substance observed histologically in the intercellular region of the epidermis
is hyaluronic acid and mainly synthesized by epidermal cells, not by fibroblasts in the
dermis.

We studied epidermal cells at three different conditions, which gave identical results.
The synthesis of GAGs by cultured cells in general is influenced by various cellular and
extracellular factors (10, 11). Thus, our present study suggests that epidermal cells have an
ability to synthesize hyaluronic acid constantly.
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