
The Processing and Utilization of Hepatocyte Growth Factor/
Scatter Factor Following Partial Hepatectomy in the Rat

Peter Pediaditakis1, Juan Carlos Lopez-Talavera1, Bryon Petersen2, Satdarshan P. S.
Monga1, and George K. Michalopoulos1

1 From the Department of Pathology, University of Pittsburgh School of Medicine, Pittsburgh, PA

2 Department of Pathology, University of Florida, College of Medicine, Gainesville, FL.

Abstract
Hepatocyte growth factor/scatter factor (HGF/SF) is a pluripotent growth factor capable of acting as
a motogen, a morphogen, and a mitogen. Originally, HGF/SF was found as a blood-borne mitogen
for hepatocytes and has since been determined to be very important in liver repair. Previous studies
have established that HGF/SF must be proteolytically cleaved to elicit its effects. After liver injury
by toxins such as carbon tetrachloride or after surgical resection, partial hepatectomy (PHX), HGF/
SF concentrations increase in the blood. The aims of this study were to examine (1) which form of
HGF/SF is present in the normal liver, (2) which form is present in the regenerating liver after PHX,
and (3) if the HGF/SF used after PHX is derived from existing liver reservoirs. Both single-chain
HGF/SF and active two-chain HGF/SF are present in normal liver, with the former being the
dominant form. After PHX, the liver can be described as having two phases with regard to the use
of endogenous HGF/SF. The first phase from 0 to 3 hours is the consumptive phase and is
characterized by a decrease in both single-chain HGF/SF and active two-chain HGF/SF. The second
phase is the productive phase. It is characterized by a pronounced reappearance of both single-chain
HGF/SF as well as two-chain HGF/SF. The activation index shows a 5-fold increase over sham
operations during the productive phase. The use of radiolabeled HGF/SF showed that during the first
3 hours, HGF/SF is used in part from hepatic stores. Furthermore, during the first 3 hours after PHX,
only active two-chain HGF/SF is seen in the plasma.

Hepatocyte growth factor/scatter factor (HGF/SF) was initially identified by its motogenic
activity on Madin-Darby canine kidney (MDCK) cells1 as well as by its mitogenic activity on
hepatocytes.2,3 HGF/SF is a potent mitogenic and motogenic stimulator for primary cultures
of either rodent or human hepatocytes. Furthermore, HGF/SF has been shown to have
morphogenic properties for a variety of cell systems.4

HGF/SF is an important multifunctional cytokine involved in liver development and liver repair
after an injury. In mice, homozygous deletion of either the HGF/SF gene or its tyrosine kinase
receptor gene (c-met) is associated with embryonic lethality.5,6 In the case of the HGF/SF gene
knockout, the lethality was largely because of an abnormality in placental development.
Examination of the livers from these animals revealed them to be grossly underweight with
extensive loss of parenchymal cells.6 The HGF/SF knockout embryo can be rescued from
lethality by a bolus injection of HGF/SF at day e9.5, but histologic examination of the rescued
animal showed that organogenesis, particularly with regard to the liver, was severely impaired.
7
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HGF/SF is synthesized by mesenchymal cells as a 723-(deleted form) or 728- (full-length)
amino acid single-chain polypeptide.8,9 From the N terminus to the C terminus, HGF/SF
contains a hairpin loop followed by 4 kringle domains and a pseudo-serine protease domain.
HGF/SF is secreted as an inactive single-chain protein, which is proteolyti-cally activated by
cleavage at the Arg-Val-Val (aa494–495) site. Two enzymes have been identified that are
capable of cleaving inactive single-chain HGF/SF (scHGF/SF) to an active 2-chain HGF/SF
(tcHGF/SF): urokinase plasminogen activator (uPA)10,11 and HGF activator (HGFa).12 The
heavy chain of HGF/SF (hcHGF/SF) contains the hairpin loop and four kringle domains. Its
apparent molecular weight is 65 kd. The light chain of HGF/SF possesses the pseudo-serine
protease domain. Its apparent molecular weight is 30 to 34 kd. The HGF/SF receptor (c-Met)
13,14 is capable of binding both inactive scHGF/SF as well as active tcHGF/SF with similar
avidity, but only tcHGF/SF activates the c-Met tyrosine kinase domain.15,16 Mesenchymal
cells are responsible for the production of HGF/SF,17,18 whereas epithelial cells of various
organs and tissues including the liver normally express c-Met.19 Therefore, HGF/SF is
considered to be an important mediator of mesenchymal-epithelial interaction within the liver
as well as in other organs.

After a liver injury by chemicals such as carbon tetrachloride, by surgical resection of two
thirds of the liver, partial hepatectomy (PHX), or by antagonistic Fas antibodies, the levels of
HGF/SF in the blood increase dramatically.20–23 Administration of HGF/SF neutralizing
antibodies to rats before PHX abrogates the normally seen elevation of HGF/SF in the serum,
and hepatocyte proliferation is severely inhibited.24 In the PHX model, the relevant HGF/SF
activator appears to be uPA.25 uPA activity is detected in as little as 5 minutes after PHX, and
the addition of uPA neutralizing antibodies to homogenates of regenerating liver protein will
abrogate the normally observed HGF/SF activation associated with the homogenates.26 Also,
uPA appears to be the relevant activator in the Fas-mediated liver injury model. When Fas-
mediated liver injury is induced in uPA-deficient animals, liver regeneration is severely
impaired.23 This further shows the importance of uPA in HGF/SF activation in the regenerating
liver.

The liver is the primary organ for the clearance of radiolabeled HGF/SF after intravenous
injection.27,28 The clearance kinetics is biphasic representing the two known binding sites for
HGF/SF on the cell surface: c-Met and heparin sulfate proteoglycans.29 Because HGF/SF
binds with moderate affinity to the interstitial extracellular matrix, the liver has the ability of
sequestering large amounts of HGF/SF in its extracellular matrix. This is confirmed by the fact
that large quantities of HGF/SF can be eluted from the hepatic biomatrix by perfusing the liver
with a high salt solution.30

HGF/SF effects during the liver regeneration process after PHX are important.24 Earlier work
examining the phosphorylation state of c-Met during liver regeneration showed that tyrosine
phosphorylation of the c-Met receptor reaches a peak within 1 hour after PHX.31 In view of
the fact that HGF/SF gene expression is not up-regulated until 3 to 6 hours after PHX,32 the
HGF/SF used during the first 3 hours after PHX must be derived predominately from
preexisting stores within the body. The first wave of hepatocyte DNA synthesis peaks at 24
hours after PHX and occurs in the periportal region.33 This correlates with the previously
reported distribution of HGF/SF within the liver. Immunohistochemistry studies in addition to
experiments with radiolabeled HGF/SF showed that the periportal region of the normal liver
is the location of the highest concentration of HGF/SF.34

Little is known about which forms of HGF/SF exist in the liver or blood during liver
regeneration after PHX. Our current study used Western immunoblots for the detection of
scHGF/SF (inactive) and tcHGF/SF (active) after PHX in liver tissue as well as in the blood.
In addition, we investigated the fate of preexisting radiolabeled HGF/SF injected into the liver
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before a partial hepatectomy to determine if HGF/SF stored in the liver is indeed consumed
during the early stage of liver regeneration.

MATERIALS AND METHODS
Materials

All chemicals were obtained from Sigma Chemical Company (St. Louis, MO) unless otherwise
indicated.

Animals
All experiments were performed on male Fisher 344 rats weighing 140 to 150 g (Charles River
Laboratories, Wilmington, MA). Animals were allowed access to food and water ad libitum
until they were used for the experimental procedures. The Institutional Animal Use and Care
Committee of the University of Pittsburgh approved of all housing arrangements and
experimental procedures. Metofane (Pitman-Moore, Mundelein, IL) was used to anesthetize
animals for surgeries unless otherwise stated.

Partial Hepatectomy and Blood Collection
The rats were given a two-thirds partial hepatectomy as originally described by Higgins and
Anderson.35 For controls, a time-matched sham operation was performed. Sham operations
involved a laparotomy and resection of the xyphoid process of the sternum. At defined time
points, the animals were anesthetized with Nembutal (Abbott, Chicago, IL) and the remaining
lobes were removed. All liver samples were promptly frozen in liquid nitrogen and stored at
− 80°C. Blood intended for plasma preparation was collected via the inferior vena cava with
a syringe containing 50 μ L of 15% EDTA, and the blood was then transferred into a purple
top Vacutainer tube (Becton-Dickinson, Franklin Lakes, NJ). The Vacutainer tube was spun
at 3,000 rpm for 5 minutes at 4°C. The plasma was removed and AEBSF, a serine protease
inhibitor, was added to a final concentration of 0.05 mg/mL. The plasma was frozen until used.

Mesenteric Vein Injections
Rats were operated on under metophane anesthesia. The peritoneal cavity was accessed through
midline laparotomy. After visualization of the inferior mesenteric vein by extra-abdominal
repositioning of the bowel, 200 μ L of labeled scHGF/SF (gift of Toyobo, Osaka, Japan) were
infused into the inferior mesenteric vein via a 1-mL syringe with a 30-gauge needle. Following
the injection, manual compression of the injection site with a sterile cotton swab followed the
removal of the needle to minimize the risk of bleeding. The animals were then housed for
exactly 24 hours until either a PHX or sham operation was performed. The animals were
allowed to drink water and eat a standard rat diet ad libitum.

Tissue Homogenization
Buffer used for the homogenization of the liver samples consisted of 20 mmol/L Tris at pH of
8. Included in the buffer was 1% sodium dodecyl sulfate, 5 mmol/L EDTA, 3 mmol/L EGTA,
1 mmol/L DTT, E-64 (0.01 mg/mL), pepstatin A (0.01 mg/mL), leupeptin (0.01 mg/mL),
aprotinin (0.02 mg/mL), and AEBSF (0.05 mg/mL). The ratio of buffer to tissue used in the
homogenization was always 0.2 mg of liver tissue to 2 mL of homogenization buffer. The tissue
was homogenized on ice for 1 to 1.5 minutes at 10,000 rpm with a Polytron homogenizer
(Brinkman, Westbury, NY). The samples were then spun for 15 minutes at 5,000 rpm at 4°C
in a Beckman J-90 centrifuge (Palo Alto, CA). The supernatant was promptly aliquotted and
stored at − 80°C.

Pediaditakis et al. Page 3

Hepatology. Author manuscript; available in PMC 2007 March 14.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Plasma Liquid Chromatography and Extraction
A fixed volume (13 mL) of rat plasma (prepared as described) was diluted 2-fold with Tris-
buffered saline containing AEBSF (0.2 mg/mL). The diluted plasma was then loaded onto a
10-mL disposable column (Bio-Rad, Hercules, CA) containing 0.5 mL of heparin sepharose.
Before the sample was loaded onto the column, the heparin sepharose column was equilibrated
with 20 mL of Tris-buffered saline with 1 mg/mL of protease-free albumin (Boehringer
Mannheim, Mannheim, Germany). After sample loading, the column was washed with 3 mL
of Tris-buffered saline (0.1 mg/mL AEBSF). The bound proteins were eluted from the column
with 1.0 mL of 1.2 mol/L NaCl solution (0.1 mg/mL AEBSF) in a 1.5-mL tube (Sardstedt,
Newton, NC). The protein was extracted from the solution by addition of 0.5 mL of Tris-
buffered saline saturated phenol. The samples were vortexed for 20 seconds and spun for 1
minute at high speed in a bench-top centrifuge. The upper phase containing the aqueous fraction
was discarded and 1 mL of diethyl ether (Mallinckrodt, Chesterfield, MO) was added to the
remaining phenol layer. The sample was once again vortexed for 20 seconds and centrifuged
at high speed for 1 minute. The upper ether phase was discarded. The addition and removal of
ether was repeated.36 The sample was then lyophilized.

Gel Electrophoresis
The protein concentration of the homogenates was measured by the bicinchoninic acid
technique.37 Equal amounts (300 μ g protein) of homogenates were brought up to a uniform
volume. A corresponding volume of loading buffer consisting of 62 mmol/L Tris, 2% sodium
dodecyl sulfate, 10% glycerol, and 0.14 mmol/L bromphenol blue was added to the
homogenates. The column-purified proteins from the plasma samples were resuspended in 15
μ L of Milli-Q water (Millipore, Bedford, MA) and 15 μ L of DTT containing loading buffer.
The samples were heated to 90°C for 10 minutes and were analyzed by continuous Tris-tricine
gel electrophoresis.38

Immunoblotting
The gels were transferred overnight at 250 mA to an Immobilon-P membrane (Millipore) in a
transfer buffer consisting of 50 mmol/L Tris-HCl, 95 mmol/L glycine, and 0.005% sodium
dodecyl sulfate. After the transfer, the membranes were soaked for 2 hours in a blotting buffer
(blotto) with 5% nonfat dry milk. The blotto contained 20 mmol/L Tris, 150 mmol/L NaCl,
0.1% Tween 20 at a pH of 7.5. The primary antibody used to detect HGF/SF heavy chain and
single chain was obtained from the Institute of Immunology (Tokyo, Japan). The monoclonal
antibody was used at a concentration of 1:500 in 5% blotto. After a 2-hour incubation at room
temperature in the primary antibody, the membranes were washed 3 times in 1% blotto for a
total of 30 minutes. The membranes were then placed in 1% blotto containing a horseradish
peroxidase–conjugated secondary antibody (Chemicon, Temecula, CA) at a 1:50,000 dilution.
After a 1-hour incubation at room temperature, the membranes were washed 5 times with blotto
for a total of 50 minutes. The membranes were then soaked for 3 minutes in an enhanced
chemiluminescense reagent (Pierce, Rockford, IL) and exposed to film (Kodak, Rochester,
NY) and developed.

HGF/SF Iodination
Iodobeads (Pierce, Rockford, IL) were prepared as per the instructions of the manufacturer.
Between 2 and 5 μ g of HGF/SF was placed in a tube with 100 mmol/L sodium phosphate
reaction buffer (pH 6.8) and 0.5 mCi of sodium iodide (Amersham, Arlington Heights, IL) to
a final volume of 100 μ L. The reaction proceeded for 8 minutes and was stopped by removal
of the reaction solution from the iodobeads. The excess reactive free iodine was removed by
the addition of tyrosine to a final concentration of 5 mmol/L. The reaction mixture was then
loaded onto a 5-mL G-25 desalting column (Pierce, Rockford, IL) that was previously
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equilibrated in Tris-buffered saline containing protease-free albumin, 1 mg/mL, and pH7.4. If
the labeled HGF/SF was to be used for injections into rodents, the buffer used was phosphate-
buffered saline containing rat albumin (Calbiochem, San Diego, CA), 1 mg/mL, and pH 7.4.
The iodinated HGF/SF was evaluated by gel chromatography to ensure that the HGF/SF
remained intact. Specific activity was normally 17,000 to 25,000 cpm/ng.

RESULTS
Forms of HGF/SF Present in the Regenerating Liver Following PHX

To examine the forms of HGF/SF present in the regenerating rat liver, livers were harvested
from 3 sets of animals (3 separate experiments). Each set included animals subjected to either
PHX or a sham operation. In each set, the time points of animal sacrifice ranged from 0 to 72
hours after the operation. The samples were analyzed by polyacrylamide gel electrophoresis
(PAGE), and the results from one set are shown in Fig. 1A. Figure 1B and C represents the
average results from three sets of experiments. The integrated optical density of the scHGF/
SF (inactive) and hcHGF/SF (active) was normalized to the zero time point of each blot from
a minimum of 3 separate Western blots. In the normal liver, both forms of HGF/SF were present
(Fig. 1A, lane 0), but the majority of HGF/SF appeared to be in the inactive single-chain form.
In the sham-operated animals, the amount of scHGF/SF (Fig. 1B) and hcHGF/SF (Fig. 1C)
remained relatively constant. During the first hour after PHX, levels of scHGF/SF decreased
by 55% relative to the zero time point (Fig. 1A, lanes 0–60; Fig. 1B) while the sham decreased
by no more than 10% (Fig. 1B, lanes 0–60; Fig. 1C). By 3 to 6 hours after PHX, the levels of
scHGF/SF began to increase and continued to increase through 48 hours (Fig. 1A, lanes 3–48).
At 72 hours after PHX, the level of scHGF/SF in the animals subjected to PHX was similar to
the levels observed in the sham-operated animals.

The appearance of the hcHGF/SF is indicative of proteolytically activated scHGF/SF. Levels
of hcHGF/SF decreased relative to the sham-operated animals, reaching a nadir at 60 minutes
(Fig. 1C). Beginning at 60 minutes, the hcHGF/SF levels increased markedly relative to the
sham-operated animals and remained elevated through 72 hours after PHX (Fig. 1C).

Fate of Preloaded Radioactive HGF/SF After PHX
Previous work has shown that the liver is very efficient in extracting HGF/SF from the blood.
We used this property to explore the consumption of endogenous HGF/SF after PHX.27,34
Iodinated scHGF/SF was injected into the liver via the inferior mesenteric vein. This ensured
that the liver rather than other parts of the body would receive the largest amount of the labeled
HGF/SF. The total amount of scHGF/SF (800 ng) injected was sufficient to label the liver but
was not considered to be a pharmacologic level.39 Because of the fact that iodinated proteins
are accompanied by a small percentage of free iodine (after the I-125 HGF/SF administration),
the animals were kept under normal housing conditions for 24 hours before performing PHX.
This allowed for an equilibrium binding of the injected scHGF/SF to the periportal extracellular
matrix as well as for the excretion of any residual free iodine. Initial experiments in which
I-125–labeled human scHGF/SF, human tcHGF/SF, or rat tcHGF/SF were used, all showed
similar utilization kinetics (data not shown). A representative autoradiogram of a PAGE
analysis of the labeled human scHGF/SF used in these experiments is shown in Fig. 2A. Greater
than 85% of the labeled HGF/SF was in the inactive single-chain form. Twenty-four hours
after the iodinated HGF/SF injection, the livers were harvested between 0 and 3 hours after
PHX, and the amount of labeled HGF/SF in the liver tissue was determined for each respective
time point by measuring the iodine-associated radioactivity (Fig. 2B). A complete set of time
points was always obtained with the use of a single batch of labeled HGF/SF. Since different
batches of labeled human scHGF/SF were used, and the data sets were obtained on different
days, all data sets were normalized to the zero time point for a given data set. The values plotted
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are the average of the normalized results for the given time points with the error bars
representing the SEM (Fig. 2B). After PHX, the amount of HGF/SF-associated radioactivity
in the liver of the PHX group declined faster than the corresponding sham animals (Fig. 2B).

Forms of HGF/SF Present in the Blood After PHX
Previous experiments have shown that HGF/SF increases in the blood after PHX. However,
the form of HGF/SF present in the blood that accounts for this elevation after PHX has not
been clearly identified. To address this question, animals (2 per time point) were subjected to
PHX. At the indicated times, blood was drawn, and plasma was prepared as described under
Materials and Methods. Identical volumes of plasma (13 mL) were loaded onto heparin agarose
columns for each time point ranging from 0 to 3 hours. The bound protein was eluted, extracted,
and then lyophilized as described under Materials and Methods. The samples were separated
by 10% Tris-tricine PAGE and transferred to a polyvinylidine difluoride membrane. The
membrane was visualized by Western blotting. No scHGF/SF was detected at any of the time
points. By two hours after PHX, hcHGF/SF was visible, and its levels increased through 3
hours (Fig. 3). A control lane consisting of 20 ng of purified rat tcHGF/SF was used to
conclusively show the proper location of the hcHGF/SF in the plasma samples.

DISCUSSION
The aim of this study was to characterize the forms of HGF/SF present during the liver
regeneration process after PHX. Our data provide new information regarding the relationship
between liver regeneration and the biotransformation of scHGF/SF to its active form, tcHGF/
SF. The findings show two distinct phases, which are characterized by HGF/SF-related
changes. The first phase (from 0 to 3 hours) is the consumptive phase. It is characterized by a
decline of both scHGF/SF as well as active tcHGF/SF in the total liver homogenates. Although
one would expect that a decrease in the scHGF/SF would be accompanied by a commensurate
increase in the active tcHGF/SF, this does not appear to be the case in our experiments. This
probably reflects the fact that the active tcHGF/SF binds to its receptor c-Met, and
subsequently, it becomes internalized and destroyed. This prevents it from accumulating in the
liver. Several studies support this conclusion. Our laboratory has shown that after PHX, there
is increased tyrosine phosphorylation of c-Met seen as early as 5 minutes after PHX and peaking
at 60 minutes after PHX.31 In vitro experiments that examined the metabolic fate of c-Met
showed that, on binding to tcHGF/SF, c-Met is rapidly internalized and destroyed by the
ubiquitin-proteasome degradation pathway.40 Other in vitro work that examined the metabolic
fate of radiolabeled tcHGF/SF showed similar results. tcHGF/SF is rapidly internalized and
degraded.41

The second phase is the productive phase (3 to 72 hours). It is characterized by an increase in
the levels of scHGF/SF and active tcHGF/SF. Previous studies, including work from this
laboratory, have shown that an increase in HGF/SF messenger RNA (mRNA) is not detectable
until 3 hours after PHX and peaks at 12 hours after PHX.32,42 This correlates well with what
was observed in our Western blot experiments. At 3 hours, concentrations of both scHGF/SF
and tcHGF/SF increase relative to the 60-minute time point in the total liver homogenates (Fig.
1A), paralleling the kinetics of the increase in HGF/SF mRNA,32 and supporting the notion
that new synthesis of HGF/SF is occurring.

BecauseHGF/SFtranscriptsdonotappreciablyincreasepreceding the 3-hour time point after
PHX, the source of the HGF/SF during the initial consumptive phase of HGF/SF-related
changes must be either from preexisting stores or from an increase in HGF/SF synthesis from
preexisting HGF/SF mRNA pools. It is unlikely that the preexisting RNA pools are responsible
for producing HGF/SF for two reasons. First, Northern blot analysis on normal liver shows
that the amount of HGF/SF mRNA is barely detectable. Second, the amount of scHGF/SF
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declines during the first 3 hours relative to the zero time point (Fig. 1A) implying that no new
synthesis from existing HGF/SF transcripts is occurring. The previously described increase in
HGF/SF mRNA would predict that scHGF/SF levels should begin to rise at 3 hours. In our
Western blots, this is indeed when the levels of scHGF/SF began to increase.

In Fig. 4, the ratio of (hcHGF/SF)/(scHGF/SF) (activation ratio) was used as an index of HGF/
SF activation due to ambient processes. Earlier work from this laboratory showed that an
increase in uPA activity (a known HGF/SF activator) is detectable within 5 minutes after PHX.
26 Although the activation ratio showed a transient increase at 1 minute after PHX (Fig. 4),
overall the amounts of scHGF/SF and hcHGF/SF relative to the zero time point declined in
parallel during the first 60 minutes after PHX (Fig. 1C and D). One would expect that the
scHGF/SF decrease would be accompanied by a corresponding increase in tcHGF/SF. Several
reasons may explain why this did not occur. First, the scHGF/SF may indeed be activated but
is released into the blood, thus appearing as a decrease in hcHGF/SF in the liver tissue. Second,
the active tcHGF/SF is likely to bind to the HGF/SF receptor, c-met, and thus be subjected to
intracellular degradation. After the 3-hour time point, a striking difference was seen in the
activation ratio between the PHX and sham-operated animals.

The liver has been shown to be very efficient at removing HGF/SF from the blood.34 To ensure
that the radiolabeled HGF/SF had equal access to all lobes, the injections of labeled HGF/SF
were performed through the mesenteric vein, which supplies the portal vein. This allowed for
an equilibration of the labeled HGF/SF with the blood during vascular flow before the blood
entered the liver. The rate of disappearance of I-125 scHGF/SF from the liver during the first
hour after PHX was more than twice the rate of the sham-operated animals. This indicates that
the HGF/SF consumed during the initial hour after a PHX is in part from hepatic reservoirs.
After the first hour, the rate of disappearance of HGF/SF in the PHX animals slowed but was
still somewhat faster than that observed in the sham-operated animals.

The functions of the active tcHGF/SF in the two different phases may be distinct. Earlier
experiments have conclusively shown that the plasma of rats that have undergone PHX
stimulates DNA synthesis in hepatocytes.43,44 More recent studies showed that the total blood
exchange at 6 and 12 hours after PHX with blood from a normal rat significantly suppressed
the early stage of liver regeneration.45 Although multiple factors rise in the plasma after PHX
(HGF/SF, norepinephrine, interleukin 6, tumor necrosis factor α, and others), it is likely that
one of the key differences in blood between normal animals and animals subjected to PHX is
the significantly increased amount of HGF/SF in the plasma after PHX. Previous studies from
this laboratory have shown that c-Met tyrosine phosphorylation peaks at 60 minutes after PHX.
31 Thus, the HGF/SF mobilized from preexisting stores and/or rising in the blood must be
exerting a biological effect on the regenerating liver. In this study, we show that the only
detectable form of circulating HGF/SF in the plasma during the consumptive phase (first phase)
is active tcHGF/SF. Inactive scHGF/SF was not detectable. This finding enhances the
possibility that the circulating active tcHGF/SF after PHX has biologic effects on end-target
tissues, which are primed to respond.46 This is consistent with previous findings from the
literature in which infusion of small39 or large47 amounts of active tcHGF/SF into the
peripheral circulation was capable of stimulating measurable amounts of DNA synthesis in
hepatocytes of normal animals after a “priming” of the liver with collagenase. The role of the
newly synthesized scHGF/SF and tcHGF/SF during the second phase needs to be determined.
The prolonged appearance of the tcHGF/SF may suggest that the processing of the active HGF/
SF has changed in some way. The elevated scHGF/SF and tcHGF/SF may be important for
sustaining proliferation of hepatocytes throughout the regenerative process and/or for
providing mitogenic, motogenic, or morphogenic stimuli for other hepatic cell types responsive
to HGF/SF (endothelial cells, biliary epithelial cells, etc.).
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Abbreviations
HGF/SF  

hepatocyte growth factor/scatter factor

sc  
single chain

tc  
two chain

uPA  
urokinase plasminogen activator

hc  
heavy chain

PHX  
partial hepatectomy

PAGE  
polyacrylamide gel electrophoresis

mRNA  
messenger RNA
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Fig. 1.
Western blot of endogenous HGF/SF in whole liver homogenates. (A) Animals were subjected
to either a PHX or sham operation. Tissue was harvested from the respective animals at
indicated times and homogenized as described in the Materials and Methods. Three hundred
micrograms of total liver homogenates from different time points were analyzed by 10% Tris-
tricine PAGE. Purified rat tcHGF/SF was used as a standard for the hcHGF/SF. Equal loading
is confirmed by a Western blot of actin as seen in the lower panel. Following densitometric
analysis of three separate Western blot experiments, the integrated optical density (IOD) of
bands corresponding to either scHGF/SF or hcHGF/SF for a given time point were normalized
to the zero time point from the same blot. The values are expressed as normalized mean (IOD)
± SEM. The comparison between the sham and PHX was done for either the scHGF/SF (B) or
the hcHGF/SF (C).
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Fig. 2.
Fate of preloaded HGF/SF after a PHX. (A) A sample (3 ng) of labeled HGF/SF, which was
used for labeling of the rat liver, was analyzed by 10% Tris-tricine PAGE. The bands
representing the HGF/SF are labeled as scHGF/SF or hcHGF/SF. 125I-HGF/SF was injected
into the mesenteric vein 24 hours before PHX. At indicated times after the PHX or sham
operation, the liver was harvested, and its specific activity (cpm/μg) was determined. The
specific activity data were normalized to the zero time point for each experimental set. (B) The
data represent the mean specific activity of the liver from 3 experimental sets of animals ±
SEM
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Fig. 3.
Form of endogenous HGF/SF in the blood after PHX. Blood was harvested from two animals
at indicated times after PHX and plasma was prepared as described in the Materials and
Methods. Plasma totaling 13 mL for each time point was loaded onto a heparin agarose column.
The bound protein was eluted with 1.2 mol/L NaCl and extracted as described in the Materials
and Methods. The sample was then resolved on a 10% Tris-tricine acrylamide gel and blotted
to a polyvinylidine difluoride membrane. The reference lane consists of purified rat tcHGF/SF
and the hcHGF/SF is labeled.
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Fig. 4.
Activation index of endogenous HGF/SF. The ratio of hcHGF/SF to scHGF/SF was compared
between PHX and sham-operated animals. The activation index was constructed from the
normalized values in Fig. 1B and C.
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