
Introduction
Fatty liver, characterized by hyperaccumulation of lipids
in the liver, is often caused by excessive alcohol intake or
by hepatotoxic drugs. It has been suggested repeatedly
that patients with fatty liver are more susceptible to
fibrotic liver diseases (1). The severity of steatosis seen on
the initial biopsy predicted the development of liver cir-
rhosis evidenced in a subsequent biopsy, regardless of
the level of continuous alcohol intake (2). Patients with
an alcoholic fatty liver who continue drinking alcohol
are at a high risk for disease progression (3), and
increased collagen synthesis and turnover occur in an
alcoholic fatty liver (4, 5). Therefore, recovery from a
fatty liver seems to simply decrease the susceptibility to
liver fibrosis or cirrhosis that are more severe liver dis-
eases in terms of liver functions and treatments.

Hepatocyte growth factor (HGF), originally identi-
fied and cloned as a potent mitogen for hepatocytes
(6–8), exhibits pleiotropic activities in a wide variety of
cells and tissues (9–12). In the liver, HGF plays pivotal
roles for development and regeneration of the liver.
Essential roles of HGF in liver development were
defined by targeted disruption of the HGF gene (13).
Physiologically, HGF plays a hepatotrophic role for
regeneration of the liver and HGF stimulates regener-
ation of the liver after various types of liver injuries
(11, 12, 14–18). HGF has anti-apoptotic and/or cyto-
protective effects on hepatocytes (14, 17, 19) and
exhibits anti-fibrotic action for liver, fibrosis/cirrho-
sis, in experimental animals (20–22).

In our studies done to determine the efficacy of HGF
on liver fibrosis/cirrhosis, we found that administra-
tion of HGF prevented the onset of hepatic steatosis in
rat liver (22). Our findings suggested that HGF might
affect lipid metabolism and/or lipid mobilization in
the injured livers of rats. In this study, we obtained evi-
dence that HGF affected lipoprotein synthesis and
mobilization of lipids in hepatocytes, and the alcohol-
related fatty liver showed much improvement when
HGF was administered.

Methods
Animal treatment. Human recombinant HGF (hrHGF) was pre-
pared as described elsewhere (14, 20). Four-week-old male
Sprague-Dawley rats housed in temperature- and light-con-
trolled rooms were randomly assigned to four groups: (a) rats
fed ethanol-containing liquid diets for 30 days (n = 4) (23) (Ori-
ental Yeast. Co., Tokyo, Japan); (b) rats pair-fed isocaloric liquid
diets without ethanol for 30 days (n = 4); (c) rats fed ethanol-
containing liquid diets for 37 days and then intravenously
injected daily with saline during the last 7 days (n = 6); (d) rats
fed ethanol-containing liquid diets for 37 days and given daily
intravenous injections of 200 µg (n = 6) or 800 µg (n = 6) of
hrHGF per kilogram of body weight during the last 7 days.

The calorie distribution of liquid diets component is as follows:
16% as protein, 36% as fat, 13% as carbohydrate, and 35% as either
ethanol or additional carbohydrate in the isocaloric liquid diets.
The fatty acid composition of both ethanol-containing and
isocaloric liquid diets consisted of 33.45% saturated fat, 66.26%
unsaturated fat, and 0.29% unknown fat. Ethanol was incorpo-
rated into the liquid diets containing all required nutrients, and
liquid diets were the only source of fluid and food provided, as
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recommended by the manufacturer. Rats given isocaloric liquid
diets without ethanol were pair-fed daily on an isoenergetic basis
with the corresponding littermates fed the ethanol-containing
diets. Before sacrifice, the rats were fasted overnight but had free
access to drinking water for 14–16 h. For analysis of hepatic HGF
contents, the rats were fed ethanol-containing or isocaloric liq-
uid diets for 16 (n = 4), 23 (n = 4), and 30 days (n = 4).

Biochemical and histopathological analysis. For measurement of
hepatic lipids content, the liver was homogenized at 4°C with
a Polytron (Kinematica Co., Luzern, Switzerland) homogeniz-
er in buffer composed of 0.25 M sucrose, 50 mM Tris-HCl (pH
7.4), 1 mM EDTA, and centrifuged for 15 min at 12,000 g.
Lipids in the liver homogenate were extracted using chloro-
form/methanol (1:2 vol/vol), evaporated, and dissolved in 2-
propanol. The amounts of triglyceride, total cholesterol, and
phospholipids were assayed enzymatically, using kits obtained
from Wako Pure Chemicals Co. (Tokyo, Japan). Protein was
assayed using Protein Assay kit (Bio-Rad Laboratories Inc., Her-
cules, California, USA). Triglyceride, total cholesterol, phos-
pholipids, total proteins, and albumin in sera were measured,
using a standard clinical automatic analyzer (Hitachi 7170;
Hitachi Ltd., Tokyo, Japan). Hepatic HGF contents were meas-
ured using ELISA as described elsewhere (20) and kits obtained
from Institute of Immunology Co. (Tokyo, Japan).

For histological analysis, liver tissues were fixed in 10% neu-
tralized formaldehyde, embedded in paraffin, and stained with
hematoxylin and eosin. Alternatively, hepatic lipids were stained
by an oil red O method (Nacalai Tesque Inc., Kyoto, Japan).

Serum lipoproteins. Very-low-density lipoproteins (VLDL), low-
density lipoproteins (LDL), and high-density lipoproteins (HDL)
in sera were separated using a modification of the method of
Hatch and Lees (24). Briefly, VLDL in serum were separated by
ultracentrifugation at 114,000 g for 16 h. After removing the
VLDL fraction, density of the remaining serum was adjusted to
1.063 and then ultracentrifuged at 114,000 g for 20 h. The LDL
fraction was removed and density of the remaining serum was
adjusted to 1.21. The remaining serum was ultracentrifuged at
114,000 g for 40 h, and the HDL fraction was removed.

Preparation of antibodies against apolipoprotein B (apoB). VLDL
and LDL were dialyzed for 48 h in 0.15 M NaCl containing 1
mM EDTA. Delipidation of VLDL and LDL was carried out as

described (25). Apolipoproteins in VLDL and LDL were dis-
solved in 1% SDS, separated by SDS-PAGE, and extracted from
the polyacrylamide gel. Female white rabbits were immunized
by giving a subcutaneous injection of purified apoB (150–300
µg/rabbit) in Freund’s complete adjuvant and boosted by injec-
tion of the same immunogen with Freund’s incomplete adju-
vant. IgG was purified from antiserum, using a protein
A–Sepharose column.

Measurement of lipids in cultured hepatocytes. Parenchymal hepa-
tocytes were isolated by the in situ collagenase perfusion
method, essentially as described elsewhere (26). The isolated
hepatocytes were placed on a culture plate coated with type I
collagen at a density of 5 × 105 cells/ml and cultured for 4 h in
Williams’ medium E supplemented with 5% calf serum, 1 nM
insulin, and 1 nM dexamethasone. The culture medium was
changed to serum-free Williams’ medium E containing 1 nM
insulin, 1 nM dexamethasone, and 5 kallikrein inhibitor
units/ml aprotinin. After culturing the cells in the absence or
presence of HGF for 48 h, the cells were washed with ice-cold
PBS and then solubilized in lysis buffer composed of 0.5%
SDS, 50 mM Tris-HCl (pH 7.4). Triglyceride in the cell lysate,
and in the conditioned medium, was extracted using chloro-
form/methanol (1:2 vol/vol) and measured in the same man-
ner as described above. VLDL was isolated by ultracentrifuga-
tion in the same manner as described above. Viability of
cultured hepatocytes was determined by trypan blue exclusion
under a phase-contrast microscope, as described elsewhere
(19). There was no significant difference in viability of the cells
between cultures treated with or without HGF, during 48 h.
For histological detection of lipids, the cells were fixed with 4%
paraformaldehyde for 4 h and subjected to lipid staining,
using an oil red O method.

Pulse-chase analysis of apoB. After culturing hepatocytes in the
absence or presence of hrHGF (20 ng/ml) for 36 h, the cells
were washed once with methionine- and cysteine-free DMEM
(GIBCO BRL, Gaithersburg, Maryland, USA), and pulse-labeled
for 1 h with [35S]methionine and [35S]cysteine (TranS-label;
ICN Biomedicals Inc., Costa Mesa, California, USA) in methio-
nine- and cystine-free medium at 50 µCi/ml. The medium was
changed to fresh medium containing 1.5 mg/ml methionine
and 4 mg/ml cysteine; then the cells were cultured for 5 h. The
labeled cells were rinsed twice with 0.5 ml ice-cold PBS. The
cells were homogenized in 1 ml of the buffer composed of 0.15
M NaCl, 2 mM EDTA, 20 mM Tris-HCl (pH 7.4), 1% sodium
deoxycholate, 0.1% SDS, 10 µg/ml aprotinin, 10 µg/ml leu-
peptin, 10 µg/ml pepstatin, and 1 mM PMSF, and centrifuged
at 12,000 g for 30 min. Cell lysate (1 part) was mixed with the
buffer (0.45 part) composed of 0.15 M NaCl, 5 mM EDTA, 50
mM Tris-HCl (pH 7.4), 0.02% sodium azide, 0.5% Triton X-100,
0.5% sodium deoxycholate, 0.05% SDS, 1 mg/ml BSA, and pro-
teinase inhibitors, as above, and incubated with 50 µl Pan-
sorbin (Calbiochem-Novabiochem Corp., La Jolla, California,
USA). After a 5-h chase, the conditioned medium (500 µl) was
mixed with 450 µl buffer, as above, and incubated with 50 µl
Pansorbin. After centrifugation at 10,000 g for 1 min, medium
and cell lysate were added to anti-apoB IgG, and the prepara-
tion was incubated for 2 h at 4°C. The immune complexes were
precipitated with 5 µl Pansorbin. The immune complexes were
separated by SDS-PAGE, visualized by autoradiography, and
scanned using a densitometer. The amount of TCA-precip-
itable 35S-labeled proteins was measured to determine total pro-
tein synthesis.

Dot–blot analysis of apoB. Total RNA was prepared from rat
liver, as described elsewhere (27), and denatured for 15 min at
68°C in 50% formamide, 17% formaldehyde, and 1× saline
sodium citrate (SSC; 0.015 M sodium citrate, 0.15 M NaCl [pH
7.0]). Then denatured RNA was blotted on nylon membranes
(Amersham Life Sciences Inc., Little Chalfont, United King-
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Figure 1
HGF-induced changes in hepatic lipid contents in rats with alcoholic fatty
liver. Rats were pair-fed isocaloric liquid diets for 30 days (n = 4), or
ethanol-containing diets for 30 days (n = 4) or 37 days. hrHGF (n = 6) or
saline (n = 6) alone was daily injected for the last 7 days during a 37-day
treatment with ethanol diets. Each value represents the mean ± SD. #P <
0.05, ##P < 0.01 ethanol-fed rats vs. pair-fed rats; *P < 0.05, **P < 0.01
HGF-treated rats vs. saline control. HGF, hepatocyte growth factor;
hrHGF, human recombinant hepatocyte growth factor.



dom)  and fixed by ultraviolet irradiation. The membranes were
prehybridized and subsequently hybridized with 32P-labeled
cDNA fragments of rat apoB and rat glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH). Rat apoB cDNA (a gift from
N.O. Davidson, University of Chicago, Chicago, Illinois, USA)
was a 660-bp fragment (spanning nucleotides 6,280–6,940) that
hybridizes to both apoB100 and apoB48 mRNA (28). Filters
were washed under high stringent conditions and subjected to
autoradiography. Relative apoB mRNA level was determined by
densitometric scanning and normalized to the GAPDH.

Statistical analysis. The paired t test was used to evaluate sta-
tistical differences in values between ethanol-containing and
isocaloric liquid diet–treated rats. Mann-Whitney U test was
used in other experiments.

Results
Decrease in hepatic lipids after HGF administration. To exper-
imentally develop an ethanol-induced fatty liver, rats were
fed ethanol-containing diets for 30 days. In rats given
isocaloric pair-fed liquid diets, hepatic triglyceride, total
cholesterol, and phospholipids were 44.8, 14.0, and 80.0
µg/mg protein, respectively. In contrast, in rats fed
ethanol-containing diets for 30 days, hepatic triglyceride,
total cholesterol, and phospholipids increased to 197.1,
26.9, and 114.2 µg/mg protein, respectively (Fig. 1). His-
tological analysis showed that lipid droplets had accu-
mulated in the hepatocytes, preferentially in perivenular
and periportal areas, while lipid droplets were rare, even
with specific staining of the control liver (Fig. 2, a and b).
Mean body weights of rats given ethanol diets and
isocaloric liquid diets were 256 and 264 g, respectively,
and liver weights of rats given ethanol diets and isocaloric
liquid diets were 8.93 and 8.87 g, respectively. No signifi-
cant differences were found in body and liver weights
between these groups. Therefore, ingestion of ethanol-
containing diets for 30 days led to the onset of fatty liver.

We next asked if HGF would prevent progression or
reduce severity of the alcoholic fatty liver. Rats were then
fed ethanol-containing diets for 37 days, and these rats

were injected daily with saline alone or hrHGF during the
last 7 days. In ethanol diet–treated rats given saline alone,
hepatic triglyceride content increased to 284.9 µg/mg pro-
tein (Fig. 1). In addition, the hepatic total cholesterol and
phospholipid levels increased to 48.6 and 131.9 µg/mg
protein, respectively. Consistent with this observation,
lipid droplets hyperaccumulated in hepatocytes located in
perivenular and periportal areas. The lipid accumulation
was greater than that seen in rats fed the ethanol-con-
taining diets for 30 days (Fig. 2c). In contrast, in rats inject-
ed with hrHGF at 200 µg/kg of body weight for seven
days, lipid droplets decreased mainly in perivenular areas
(data not shown), and in rats injected with 800 µg/kg
hrHGF, accumulation of lipid droplets remarkably
decreased in both perivenular and periportal areas (Fig.
2d). Consistent with these results, hepatic triglyceride,
total cholesterol, and phospholipids in rats injected with
200 µg/kg hrHGF, respectively, decreased to 70%, 72%,
and 57.9% of those in ethanol diet–treated control rats
given saline alone. In rats injected with 800 µg/kg hrHGF,
triglyceride, total cholesterol, and phospholipids
decreased to 27%, 48%, and 37% of those in control rats
given saline alone, respectively (Fig. 1). Mean body weights
of ethanol diet–treated rats injected with saline, 200 µg/kg
hrHGF, and 800 µg/kg hrHGF were 280, 290, and 304 g,
respectively, and liver weights were 9.14, 9.56, and 10.27 g,
respectively. Significant differences were found in body
and liver weights between saline and 800 µg/kg hrHGF
groups (P < 0.05). It should be emphasized that hepatic
lipids contents in rats given 800 µg/kg hrHGF were lower
than in rats treated with ethanol diets for 30 days, even
though the rats consumed ethanol diets during the HGF
administration. Therefore, HGF administration improved
the fatty liver rather than merely suppressing the progres-
sion of fatty liver during ethanol diet treatment.

Increases in serum levels of VLDL, LDL, and HDL. To deter-
mine if hrHGF would affect serum lipid concentrations, we
next analyzed serum lipid concentrations. Serum concen-
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Figure 2
An accumulation of lipid droplets in the liver of normal and ethanol diet–treated rats, with or without hrHGF administration. Rats were pair-fed isocaloric
liquid diets for 30 days (a), or ethanol diets for 30 days (b) or 37 days (c and d). hrHGF (800 µg/kg) (d) or saline alone (c) was injected daily for the last
7 days. Liver sections were stained, using an oil red O method. Bars, 50 µm.



trations of triglyceride, total cholesterol, and phospholipids
in rats injected with 200 µg/kg hrHGF, respectively,
increased to 1.8-fold, 1.4-fold, and 1.3-fold higher levels
than seen in rats given saline (Fig. 3a). Likewise, in rats
injected with 800 µg/kg hrHGF, serum triglyceride, total
cholesterol, and phospholipids, respectively, increased to
1.7-fold, 1.5-fold, and 1.5-fold higher levels than levels in
rats given saline (Fig. 3a). Thus, HGF administration
increased serum lipid concentrations in rats with fatty liver;
these results suggested that HGF enhanced secretion of
lipids from the liver. However, a high dose of HGF (800
µg/kg) is more effective in decreasing hepatic triglyceride
than a lower dose of HGF (200 µg/kg) (Fig. 1), but the
increase in serum triglyceride was saturable at the lower
dose (Fig. 3a). Because the serum triglyceride level is main-
ly regulated by a counterbalance between lipid mobilization
from the liver and lipid use in extrahepatic tissues, one pos-
sible explanation is that HGF might affect lipid utilization 
in extrahepatic organs, particularly at higher doses.
Although there has been no hard evidence for this, HGF

may possibly stimulate subsequent use of lipids in extra-
hepatic tissues, because HGF stimulates the LDL receptor
expression in cultured cells (29) and cell proliferation
accompanies biosynthesis of biomembranes. Because ∼ 70%
of HGF injected into rats accumulates in the liver (30), HGF
in a higher dose seems to exert biological activities in extra-
hepatic tissues, in case of systemic administration.

Because serum lipids predominantly exist as a lipopro-
tein complex (i.e., VLDL, LDL, and HDL), we analyzed
lipids compositions in VLDL, LDL, and HDL fractions
(Fig. 3b). Total lipids recovered in VLDL fraction from
rats given 200 and 800 µg/kg hrHGF, respectively,
increased to 1.7- and 1.6-fold higher levels than seen in
control saline-treated rats. Likewise, triglyceride contents
in VLDL from rats given 200 and 800 µg/kg hrHGF,
respectively, increased 1.8- and 1.6-fold over those seen
in saline-treated rats. These findings suggest that HGF
might enhance the secretion of VLDL from the liver and
might contribute to improvement in an alcoholic fatty
liver. In LDL fractions, administration of hrHGF
increased total cholesterol and phospholipids contents
in LDL fractions: total cholesterol and phospholipids in
LDL fractions from rats injected with 800 µg/kg hrHGF
were, respectively, 1.7- and 1.6-fold higher than those
seen in saline-treated rats. HDL are cholesterol-rich
lipoproteins and transfer cholesterol from peripheral tis-
sues to the liver. Administration of hrHGF increased
total cholesterol content in HDL fractions, in a dose-
dependent manner. hrHGF administration also
increased phospholipids content in HDL fractions.
Therefore, HGF might affect not only VLDL but also
total lipid metabolism, including HDL metabolism.

HGF enhanced lipid secretion by cultured hepatocytes. To
observe if the recovery from fatty liver and the stimula-
tion of lipids mobilization from the liver by HGF were
exerted through direct effects on hepatocytes, we pre-
pared hepatocytes from rats fed ethanol-containing diets
and analyzed lipid mobilization in primary cultures of
these hepatocytes. Specific staining clearly indicated that
lipid droplets were retained within hepatocytes during
the 48-hour culture. However, lipid droplets decreased
when the cells were cultured in the presence of 20 ng/ml
HGF (Fig. 4b). Consistent with this, triglyceride contents
in hepatocytes cultured in the presence of HGF were 43%
of contents in control cultures (Fig. 4a). These results
indicate that HGF directly decreased lipid components
that had accumulated within hepatocytes as a result of
long-term feeding of ethanol-containing diets.

A previous study indicated that the amount of VLDL in
the medium of cultured hepatocytes correlates with the
rate of secretion (31). We therefore prepared conditioned
medium of hepatocytes cultured in the absence or pres-
ence of 20 ng/ml HGF for 48 hours and analyzed triglyc-
eride contents in VLDL fractions. In contrast to the
decrease in triglyceride contents within hepatocytes by
HGF treatment, triglyceride content in VLDL fractions
secreted from hepatocytes was 1.9-fold higher than that
seen in control (Fig. 4c), which means that HGF directly
enhanced the secretion of VLDL from hepatocytes.

Enhancement of apoB synthesis in and secretion by hepato-
cytes. VLDL secretion is regulated by multiple processes
(32), and protein synthesis of apoB is one rate-limiting
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Figure 3
Effects of HGF on serum lipid concentrations and hepatic apoB mRNA lev-
els of rats. Changes in serum lipid concentrations (a) (n = 6), lipid compo-
sitions in lipoproteins (b) (n = 6), and hepatic apoB mRNA levels (c) (n = 4)
are shown. Rats were fed ethanol diets for 37 days, and hrHGF or saline
alone was daily injected for the last 7 days during 37 days. (c) Total RNA
was dot–blotted to nylon membranes and hybridizes with cDNA for apoB
and GAPDH, as described in Methods. In a and c, each value represents the
mean ± SD In b, mean values are represented. *P < 0.05, **P < 0.01 vs. saline
control. GAPDH, glyceraldehyde-3-phosphate dehydrogenase.



process in VLDL assembly (33). Feeding rats ethanol-
containing diets decreased apoB 100 in VLDL (34). We
thus examined the effect of HGF on the synthesis and
secretion of apoB, using hepatocytes in primary culture.
We prepared hepatocytes from rats fed ethanol-contain-
ing diets and cultured with or without 20 ng/ml HGF for
36 hours. Newly synthesized proteins were pulse-labeled
with [35S]methionine and [35S]cysteine for 1 hour, and
then analyzed using sodium dodecyl sulfate polyacry-
lamide gel electrophoresis (SDS-PAGE) and subsequent
radioautography. Newly synthesized apoB100 and
apoB48 during the one-hour culture were visible in con-
trol cultures, and synthesis of both apoB100 and apoB48
were stimulated by HGF. Because HGF stimulated total
protein synthesis by 3.2-fold in cultured hepatocytes, cal-
culation of the rate of protein synthesis of apoB100 and
apoB48 per total cellular protein indicated that HGF
stimulated the rate of apoB100 and apoB48 synthesis by
2- and 1.5-fold, respectively (Fig. 5).

To determine the mobilization of apoB synthesized
during one-hour pulse-labeling, culture medium was
changed to [35S]methionine- and [35S]cysteine-free medi-
um, and hepatocytes were further cultured for five
hours. 35S-labeled apoB100 and apoB48 remaining in
the cells and that secreted into the medium were ana-
lyzed. Although HGF stimulated both apoB100 and
apoB48 protein synthesis, pulse-labeled apoB100 was
usually undetectable in the cells, while some pulse-
labeled apoB48 did remain in the cells. In accordance
with the marked decrease in apoB100 and apoB48, secre-
tion of pulse-labeled apoB100 and apoB48 was stimu-
lated by HGF: HGF stimulated secretion of pulse-labeled
apoB100 and apoB48 by 3.3- and 1.5-fold over findings
in control culture (Fig. 5). These results indicate that
HGF stimulated not only the rate of apoB100 and
apoB48 synthesis but also the mobilization of apoB,
especially apoB100, presumably as the VLDL complex.

Next, to determine if HGF altered the apoB mRNA level,
total RNA was isolated from the liver and change of apoB
mRNA level was analyzed by dot–blot hybridization. Den-
sitometric analysis indicated that apoB mRNA levels were
increased 1.4- and 1.7-fold by 200 and 800 µg/kg hrHGF
injection, respectively (Fig. 3c). Thus, HGF increases apoB
synthesis, at least in part, transcriptionally.

Change of hepatic HGF level during alcoholic fatty change of
the liver. The above results indicate that exogenous HGF
stimulates lipid mobilization from the liver, and recov-
ery from fatty liver occurs. We therefore analyzed
changes in endogenous hepatic HGF levels during the
onset of fatty change in the liver (Fig. 6). Rats were fed
ethanol-containing diets or pair-fed liquid diets for 16,
23, and 30 days. In control rats pair-fed liquid diets for
16, 23, and 30 days, hepatic triglyceride levels were 44.9,
60.4, and 46.2 µg/mg protein, respectively, whereas
endogenous HGF levels were 0.36, 0.36, and 0.40 ng/mg
protein, respectively. In contrast, in rats fed ethanol-con-
taining diets for 16, 23, and 30 days, hepatic triglyceride
levels were 53.8, 160.5, and 190.2 µg/mg protein, respec-
tively, whereas endogenous HGF levels were 0.36, 0.51,
and 0.66 ng/mg protein, respectively (Fig. 6). These
results indicate that ethanol feeding increased slightly
hepatic contents of HGF.

Discussion
Most lipids derived from adipose tissue and diets are
taken up by the liver and synthesized in the liver. The liver
plays a major role in regulating lipoprotein levels by virtue
of both its degradative and synthetic functions. Based on
its predominant roles in systemic lipid metabolism, hepa-
tocellular injuries often lead to alterations in lipid metab-
olism, and the alcoholic fatty liver is a common disorder
accompanying abnormal lipid metabolism. In the present
study, we obtained evidence that administration of
hrHGF led to a great improvement in the fatty liver. The
efficacy of HGF does not seem to be related to the meta-
bolic detoxification of hepatotoxic compounds, because
HGF exhibited a direct action in decreasing accumulated
lipids in primary cultured hepatocytes. Moreover, HGF
injection decreased hepatic lipids contents to levels lower
than those seen before HGF administration, even when
rats consumed ethanol diets during the period of HGF
administration. To our knowledge, this is the first report
of amelioration of a fatty liver by a growth factor.

Previous studies indicate that impaired ability of hepa-
tocytes to secrete lipid components as VLDL complex is
likely to be one major mechanism linked to an alcoholic
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Figure 4
Effects of HGF on lipid mobilization in primary cultured hepatocytes pre-
pared from rat with fatty liver caused by ingestion of ethanol diets.
Changes in hepatocellular triglyceride contents (a), accumulation of lipid
droplets (b), and triglyceride levels in secreted VLDL fractions (c) are
shown. Hepatocytes prepared from rat treated with ethanol diets for 5
weeks were cultured for 48 h in the absence or presence of 20 ng/ml HGF.
In b, lipid droplets in hepatocytes were detected using an oil red O
method. Each value represents the mean ± SD of triplicate measure-
ments. *P < 0.05. Bars, 50 µm. VLDL, very-low-density lipoprotein.



fatty liver (35–38). Subsequent studies show that hepatic
synthesis of apoB is one critical event involved in regu-
lating VLDL secretion (33), and long-term ethanol inges-
tion suppresses hepatic apoB100 synthesis in rats (34).
When we analyzed the rate of apoB synthesis and subse-
quent mobilization in primary cultured hepatocytes, we
found that HGF stimulated both synthesis and the sub-
sequent mobilization of apoB in primary cultured hepa-
tocytes isolated from fatty livers of rats. Consistently,
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Figure 5
Changes in the rate of apoB synthesis and mobilization of apoB in primary cultured hepatocytes prepared from rat given ethanol diets. Hepatocytes,
prepared from rat on ethanol diets for 5 weeks were cultured for 36 h in the absence or presence of 20 ng/ml HGF. Cellular proteins were pulse-
labeled with [35S]methionine and [35S]cysteine for 1 h, apoB was immunoprecipitated from the cell lysate, and immune complexes were subjected
to SDS-PAGE. For pulse-chase experiments, after cells were pulse-labeled for 1 h, the cells were cultured for 5 h. ApoB was immunoprecipitated from
the cell lysate and from the medium, respectively. Immune complexes were visualized by autoradiography. Lower graphs show changes in synthesis
and mobilization of 35S-labeled apoB, as determined by densitometric analysis. Each value represents the mean ± SD of triplicate measurements. *P
< 0.05, **P < 0.01 vs. control.

Figure 6
Changes in hepatic triglyceride and HGF levels in rats fed ethanol or
isocaloric diets. Rats were fed ethanol-containing diets for 16 (n = 4), 23
(n = 4), and 30 days (n = 4) (closed circles), or pair-fed control diets for 16
(n = 4), 23 (n = 4), and 30 days (n = 4) (open circles). Each value represents
the mean ± SD. #P < 0.05, ##P < 0.01 ethanol fed rats vs. pair-fed rats.

HGF decreased triglyceride contents in hepatocytes with
fatty change and stimulated lipid secretion from the cells.
Because HGF administration increased serum VLDL lev-
els in rats with fatty livers, in a manner reciprocal to the
decrease in hepatic lipid contents, stimulatory effects of
HGF on apoB synthesis and subsequent lipid mobiliza-
tion as VLDL from hepatocytes are, at least, one impor-
tant mechanism involved in the HGF-induced recovery
from an alcoholic fatty liver. Other mechanisms leading
to an alcoholic fatty liver include increased fatty acid syn-
thesis and decreased fatty acid degradation (1). Therefore,
it may be that HGF has effects on fatty acid metabolism
in hepatocytes with alcohol-related fatty change. Previous
studies showed that HGF stimulates lipogenesis, includ-
ing fatty acid synthesis in normal hepatocytes in primary
culture (39). Even though HGF stimulates fatty acid syn-
thesis in livers with fatty changes, HGF would stimulate
synthesis and subsequent mobilization of lipoproteins
and thus lead to recovery from fatty liver.

Physiological and biochemical functions of HGF in
regulating hepatic lipid metabolism, in pathological as
well as normal livers, remained virtually unknown until
recently. Studies showed that HGF stimulates lipid syn-
thesis and secretion in normal hepatocytes and that
HGF administration to normal mice increased lipids
levels in serum (39–41). These studies suggested a
potential role for HGF in regulating lipid metabolism



in normal livers; however, expression and level of HGF
is low in normal livers (27, 42). Therefore, the contribu-
tion of HGF in regulating lipid metabolism under nor-
mal physiological conditions remains to be addressed.
On the other hand, hepatic expression and blood levels
of HGF increase in response to acute hepatocellular
injuries (9–12, 27, 42). The endogenously upregulated
HGF may support compensatory hepatocyte prolifera-
tion and prevent hepatocyte apoptosis. Hepatic expres-
sion of HGF in patients with acute alcoholic hepatitis
correlates with hepatocyte proliferation and with the
survival of patients (43). It is probable that HGF exerts
biological activities in regulating lipid metabolism, as
well as in stimulating hepatocyte proliferation in acute
alcoholic hepatitis. In alcoholic fatty liver, however,
there are no obvious hepatocellular injuries nor is there
infiltration of inflammatory cells in the liver. Consis-
tent with these general pathological features in alco-
holic fatty liver, we found no evidence for inflammato-
ry cells in the liver, and serum levels of glutamic pyruvic
transaminase were only slightly increased in the present
rat model of alcoholic fatty liver (data not shown). We
found that hepatic HGF levels in rats with fatty liver
slightly increased, but this increase is much less than in
cases of acute hepatic injuries that accompany severe
hepatocellular injuries. Endogenous HGF may be insuf-
ficient to attenuate disorders in hepatic lipid metabo-
lism because of the alcohol intake.

Physiological roles of HGF have been extensively
demonstrated, particularly in liver regeneration. HGF
exhibits potent hepatotrophic activity for regeneration
of an injured liver (11, 12, 14–17). HGF has recently
been shown to have potent anti-apoptotic activity for
hepatocytes (19) and stimulates hepatic protein syn-
thesis, including albumin and fibrinogen (22, 44). Thus,
HGF exhibits multiple functions in the liver and use of
HGF as a therapeutic has been discussed (12). In terms
of lipid metabolism, HGF stimulates lipogenesis (39).
In rats with alcoholic fatty liver, HGF administration
leads to recovery from fatty liver at least, by enhancing
apoB protein synthesis and lipid mobilization from the
liver. Pak et al. (29) reported that HGF stimulates expres-
sion of the LDL receptor in HepG2 cells. Together with
these results, HGF is likely to influence hepatic and sys-
temic lipid metabolism through the c-Met/HGF recep-
tor. In addition, it seems noteworthy that HGF admin-
istration increased serum HDL levels. Although this
increase is not a predominant mechanism for ameliora-
tion of fatty liver, our observations do raise the possi-
bility that HGF may have preventive effects regarding
arteriosclerotic vascular change, because a drug which
targets the liver and enhances serum HDL levels seems
to be useful in preventing arteriosclerosis. There are
data that HGF is an endothelium-specific growth factor
in vascular tissues (45).

Alcoholic fatty liver is a common, chronic hepatic dis-
ease, particularly in developed countries. Patients with
fatty liver are susceptible to liver fibrosis/cirrhosis (2, 3),
and increased extracellular matrix synthesis occurs in a
fatty liver (4). Other studies noted the efficacy of HGF
administration for liver fibrosis/cirrhosis (20–22).
Because HGF proved effective in the recovery from a fatty

liver in rats, on a one-week treatment with HGF, the
potential clinical therapeutic value for subjects with alco-
hol-related liver disorders warrants further attention.
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