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Human skin fibroblusts secreted a certain sinount of human hepatocyte growth fictor (WHGF), as determined by an enzyme-linked immunosorbent

assay for hHGF. This hHGF scerction was remurkubly stimuluted by protein kinase C (PKC)-uactivating phorbol esters, which was inhibited by

the simultaneous addition of dexumethuasone. Pretreatment with phorbol 12-myristate 13-ucetate (PMA) caused a down-regulation in hHGF

secrelion, hHGF secreted by the PMA-treited cells showed a potent hepatocyle growth-promoting activity which was neutralized by an anti-hHGF

antiserum, These results indicute both that PMA-treated human skin fibroblasts produce biologically aclive hHHGF and the possible involvement
of PKC activation in this process.

Human hepatocyte growth fuctor: Phorbol ester; Protein kinuse C: Human skin fibroblast; Dexamethasone: DNA synthesis

1. INTRODUCTION

Hepatocyte growth factor (HGF), which stimulates
DNA synthesis on adult rat hepatocytes in primary
culture, was purified from the plasma of patients with
fulminant hepatic failure [l]. rat platetes [2], rabbit
serum [3], normal human plasma [3], and conditioned
human embryonic lung fibroblast medium {4]. HGF is
a heterodimer which consists of & heavy chain of about
60,000 Da, and a light chain of about 35,000 Da, linked
together, probably by a single disulfide bond [1-4]. Mo-
lecular cloning of human HGF (hHGF) has revealed
that it is synthesized as a single polypeptide chain pre-
cursor of 728 amiro acids with 4 signal peptide at the
N-terminal [5,6]. HGF stimulates the growth of primary
cultured rat hepatocytes at less than one-tenth the molar
concentrations of transforming growth factor-e and ep-
idermal growth factor, other potent mitogens for hepa-
tocytes [7).

Many lines of evidence support the concept that HGF
is a physiological hepatotrophic factor in liver regenera-
tion. Levels of HGF or an HGF-like factor in the serum

Abbreviations: hHHGF, humun hepalocyle growth fuctor; HGF, hepa-
locyle growth [uctor; PMA, phorbol 12-myristate 13-acetate: PDBu,
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minimum essential medium; ELISA, enzyme-linked immunosorbent
assay; BSA, bovine serum albumin; PBS, phosphate-buffered saline.
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and liver of mice and rats that were treated with carbon
tetrachloride or partially hepatectomized increased
murkedly prior 10 liver regeneration [8-10). These in-
creases were accompanied by an elevation of the mRNA
levels of this factor in the liver [11-14)]. It was recently
shown that cells slimulated to express the HGF gene in
hepatotoxin-damaged rat liver were Kupffer and endo-
thelial cells [15]. However, little is known regarding the
induction of HGF production by these cells. In this
report we show that human skin fibroblasts secreted
hHGF and that the secretion was markedly stimulated
by addition of protein kinase C (PKC)-activating phor-
bol esters to the cultures. We also found that this stin-
ulation was inhibited by dexamethasone.

2. MATERIALS AND METHODS

2.1, Muierials and chemicals

Eagle's minimum essential medium (MEM) was purchased from
Nissui Pharmaceulical Co., Tokyo: fetal bovine serum wis from
Gibco, Grand [stand, NY: phorbol 12-myristate 13-acetate (PMA).
phorbol 12,13-dibutyrate (PDBu), 4a-phorbol 12.13-didecanoute (42-
PDD). and dexamethasone were from Sigma Chemical Co.. St, Louis,
MO; Cellmatrix-1P was (rom Nitta Gelatine Co.. Yuo: and methyl-
[*Hlthymidine (0.74 TBg/mmol) was from Du Poni-New Englund
Nuclear, Boston, MA. Enzyme-linked immunosorbent assay (ELISA)
kits for hHGF [16] and rabbit anti-hHGF untiserum [7] were gener-
ously supplied by Otsuka Assay Laboratories, Otsuka Pharmaceutical
Co. Tokushima, hHGF was purified from the plasma of patients with
fulminant hepatic lailure, as described previously [1].

2.2, Culture of Iuman skin fibroblasts and treaiment of celly

Human abdominal skin fibroblasts, obtained from a normal buby
{female, 4 months old) [17], and kindly provided by the Department
of Dermatology. Shinshu University School of Medicine. Matsumoto,
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were used al population doubling levels of 18-30. The cells were grown
as monolayers in MEM supplemented with 10% fetal bovine serum
il 37°C in o humidified wimosphere of 5% CO, in air. After growth
to confluency in 24-well plastic dishes (Nunc), the medium (1 ml) was
replaced with u [resh one to which the lest compounds were added.
Culture media were collected alter incubation for various times and
were immediately rozen at -30°C. Cell monolayers were then washed
4 times with phosphate-bulfered suline (PBS) und solubilized in 1 ml
of Lowry solution C [18.19], and cellular protein was determined by
the method ol Lowry et al, [18]. In some cases, 4fter being washed with
PBS, cell layers were seraped in ice-cold PBS containing ] M NaClund
0.039% Triton X-100. An aliquot of the cell suspension wus removed
for protein ussay, Bovine serum albumin (BSA) was then added at a
concentration ol 0.25%, following which the cell suspension wus son-
icuted und centrifuged at 20,000 x g far 20 min at 4°C. The superna-
tant was stored at —30°C for hHGI® ELISA, hHGF levels in the
culture media and cell extruacts were expressed us ng hHGF per mg of
cellulur protein,

2.3, ELISA of WHGF

A sundwich HHGF ELISA was performed at room temperalure, as
described previously [16], Caleulition of the amount of hHGF used
as o standard was bused on the resull of its amino ucid analysis and
moleculur weights determined by SDS-PAGE [1].

2.4, AAssay of HHGE activity

The uelivity of hHGF was determined by meusuring its stimulatory
cllects on DNA synthesis in udult rat hepatocytes in prinuiry cullure,
as described previously [20], Hepatocytes, isolated from adult male
Wistar rats (aboul 200 g) by u collagenase perfusion method, were
plated in 24-well plastic dishes (Nunc), pre-coated with collagen (Cell-
matrix-1P). at i density of 2.5 x 10° cells/0.2 ml/em? (0.38 ml/well), and
were incubated at 37°C in a humidified almosphere of 3% CO, in air,
The plating medium was Williams medium E, supplemented with 5%
letal bovine serum, 10 nM dexamethasone, 100 U/mil of penicillin, and
100 gg/mt of streptomycin, The medium wis replaced with {resh me-
dium containing growth fuctors 4 h afler plating. DNA synthesis,
determined by fabeling cultured heputocytes with {*Hthymidine (74
kBey/ml, 37 GBg/mmol) for 18 h at 37°C between 29 und 47 h afler
pluting, was expressed as incorporated [*H]thymidine per gg of cellular
protein.

3. RESULTS

When confluent human skin fibroblasts were cultured
for 5 days, the conditioned medium contained a measur-
able amount of hHGF as determined by hHGF ELISA,
as shown in Fig. ! A. Secretion of hHGF from the cells
was markedly stimulated by the addition of protein ki-
nase C-activating phorbol ester, PMA (Fig. 1A). The
effect of PMA was maximal at 10 nM, showing about
I1-fold stimulation. The amounts of hHGF in extracts
of cell layers untreated and treated with 10 nM PMA
for 5 days were 4 and 15 ng/mg cellular protein, respec-
tively, which were less than one-seventh and one-twen-
tieth of those in their own culture media. The cells
treated with 10 nM PMA secreted hHGF continuously
during 5 days of culture, but in the presance of 100 nM
PMA maximal amounts were reached after 24 h of incu-
bation (Fig. 1B). Both PDBu and mezerein, other PKC
activators, also stimulated hHGF secretion, but 4 a-
PDD, known to be inactive for PKC, was without ef-
lect, as shown in Fig. 2. Prolonged pretreatment of
cultured cells with PMA has been reported to down-
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Fig. 1. Dose-tesponse (A) and lime-course (B) lor PMA-induced
hHGF secretion by human skin fibroblasts, Confluent cells were incu-
buted without or with the indicated concentrations of PMA (A) for
5 days and (B) without (0) or with 10 nM PMA (@) or with 100 nM
PMA (m) lor the indicated days. hHGF levels in the culture imedia were
determined by ELISA, Vulues are means + S.D, for triplicate culiures.

regulate PKC by a depletion of this enzyme [21]. As
shown in Fig. 3, pretreatment of human skin fibroblasts
with 100 or 500 nM PMA for 24 h resulted in a marked
decrease in hHGF secretioa.

Next, we examined this hHGF to determine whether
it was biologically active. As shown in Fig. 4, the
hHGF, partially purified from the culture medium of
PMA-treated cells by heparin~Sepharose affinity
chromatography, had potent hepatocyte growth-stimu-
lating activity, It showed a dose-response similar to that
of hHGF purified from the plasma of patients with
fulminant hepatic failure, and the activity of both
hHGF was neutralized by an anti-hHGF antiserum.

We tested the effects of some other biologically active
compounds on hHGF secretion from human skin fi-
broblasts during 24 h incubation. These compounds
were dibutyryladenosine 3',5'-cyclic monophosphate
(1-100 M), dibutyrylguanosine 3',5'-cyclic mono-
phosphate (1-100 4M), dibutyryleytidine 3’,5'-cyclic
monophosphate (1-100 uM), ionomycin (30-200 nM),
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Fig. 2. Elfects of various protein kinuse C activators on hHGF secre-

tion (rom human skin fibroblasts, Confluent cells were incubated

without or with the indicated protein kinuse C activators for 24 h,

hHGF levels in the culture media were determined by ELISA. Values
are means * 8.D. for triplicate culiures.

A23187 (10-100 nM), dexamethasone (0.01 nM-10
puM), and insulin (0.01-1 #M). None of them signifi-
cantly stimulated hHGF secretion by the cells (data not
shown). We also examined the eftfects of these com-
pounds in PMA-stimulated hHGF secretion. Most
compounds had no appreciable effect (data not shown),
but dexamethasone remarkably inhibited the stimulated
hHGF secretion, as shown in Fig. 5. This inhibitory
effect, observed at concentrations as low as 10 nM, was
maximal (about 60% inhibition) at 1 4M.

4, DISCUSSION

The present study demonstrated thal the secretion of
hHGF by human skin fibroblasts was markedly stimu-
lated by the tumor-promoting phorbol ester. PMA, The
following lines of evideace were supportive of » role tor
PKC activation in the regulation of hHGF secretion.
First, the effective concentration of PMA (10 nM) was
similar to that required for the activation of PKC [22],
Second, other PKC activators were also effective,
whereas inactive 42-PDD exerted no effect. Third, pre-
treatiment of cells with PMA, which has been reported

PMA (nM) hHGF (ng/mg protein)
Preincubation Incubation O 40 aP 1210
- -
- 10 J
100 10 —F+
500 10 1}

Fig. 3. Effccls of pretreatment of humun skin fibroblasis with PMA

on phorbol ester-induced hHGF secretion. Confluent cells were pre-

ireated without of with 100 or 300 nM PMA for 24 h. The cells were

then washed and incubated with 10 nM PMA for an additional 24 h.

hHGF levels in the culture media were determined by ELISA. Values
are meuns = S.D, [of triplicate cultures.

FEBS LETTERS

April 1992

400
f%
=300}
(-1}
:
~ 200}
£~
a
£
%100‘-
<t
g8 | -
oa ) 44 4 g g gt { | |
(o] 0.5 1 5

Secreted or authentic hHGF (ng/ml)

Fig. 4. The hepatocyte growth-stimulating activity of hHGF secreled
from PMA-treated human skin fibroblasis, and its inhibilion by anti-
hHGF antiserum, hHGF in the 5-duy-culture media of the fibroblasts
ireated with PMA was purtially purified by heparin-Sepharose
chromutography. as deseribed previously [8). The eluate, with 1.75 M
NuCl in PBS conaining 0.0139% Triton X-100, was dialyzed against
PBS alter BSA wus added at a concentration of 2,5 mg/ml, Rut hepa-
toevies were incubuated with the indicated concentrations of this
hHGF (0. @) or of hHGF purified from the plasma of patients with
fulminant hepatic failure (-, a), Filled symbols show DNA synthesis
in hepatocytes cultured with each hHGF pre-incubated with an anti.
hHGF antiserum for 72 h at 4°C. The final concentration of the
anliserum in the hepatoeyte culture was 0.067%, Concentralions of
hHGF in both preparalions were determined by ELISA. Values are
meuns [or duplicate cultures,
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Fiz. 5. Inhibition by dexamethasone of PMA-induced hHGF secretion
irom human skin fibroblasts, Confluent cells were incubited with or
without the indicated concentrations of dexaumethasone in the pres-
enve of 10 nM PMA for 24 h, hHGF levels in the culture media wore
determined by ELISA. Values are means = 8.D. for triplicate cultures,
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to down-regulate PKC activity via depletion of this en-
zyme, caused a marked decrease in the secretion of
hHGF. While this study was in progress, Nishino et al.
reported that a promyelocytic leukemia cell line, HL-60,
stimulated with PMA produced hHGF [23], indicating
that the stimulatory effect of PMA on hHGF secretion
is not limited 1o its effect on human skin fibroblasts. 1t
has recently been reported that hHGF and human scat-
ter factor (hSF), which stimulates the motility of epithe-
lial cells, are identical proteins encoded by a single gene
[24-26]. Large amounts of hSF are produced by human
embryonic lung fibroblasts such as MRCS and WI3§
[27,28]. We found that the leve) of hHGF/hSF in the
conditioned medium of human skin fibroblasts treated
with PMA for 24 h was comparable to that of untreated
MRCS cells (our unpublished results). It would be of
interest to examine whether PKC is also involved in
active hHGF/hSF secretion by MRCS fibroblasts.

Dexamethasone inhibited the PMA-stimulated secre-
tion of hHGF. This fact is noteworthy, since hRHGF
may play an important role in liver regeneration and
since regenerating rat liver under the influence of gluco-
corticoids shows pronounced inhibition of mitosis and
DNA synthesis [29]. Although dexamethasone itself has
been reported, in some cases, to inhibit DNA synthesis
in primary hepatocyte cultures [30]. it is possible that
the inhibition of hHGF secretion by this steroid con-
tributes to its suppressive effect on liver regeneration.

Normal human skin fibroblasts cultures may be suit-
able for the identification of the physiological stimula-
tors of kHGF production, The inhibitors of hHGF pro-
duction can also be detected by the use of such cultures
treated with PMA.
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