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Purpose. The distribution of '?°I-hepatocyte growth factor (HGF) to
either liver parenchymal cells (PC) or non-parenchymal cells (NPC)
was investigated in rats.

Methods. After injection of a trace amount of 'I-HGF, the distri-
bution of radioactivity determined by microautoradiography closely
resembled that of 'I-epidermal growth factor which distributes
mainly to PC.

Results. The uptake clearance of '*’I-HGF estimated by determining
the radioactivity of isolated liver cells was three times higher for PC
than for NPC. This suggests that HGF distributes mainly to PC at
relatively low doses. On the other hand, the uptake clearance by PC
fell on coadministering an excess (80 ng/kg) of unlabeled HGF,
while no change was observed for NPC, indicating that a saturable
process for the hepatic handling of HGF exists only in PC where the
HGF receptor is expressed.

Conclusions. At such a dose the uptake clearance was comparable
for both PC and NPC showing that HGF distributes to both cell
types although NPC have few HGF receptors. Since the distribution
to NPC was reiatively non-specific and heparin-sensitive, it may be
that heparin-like substances, which are believed to exist on PC and/
or the extracellular matrix, also exist on NPC.

KEY WORDS: hepatocyte growth factor; receptor-mediated en-
docytosis; pharmacokinetics; liver.

INTRODUCTION

Hepatocyte growth factor (HGF) highly stimulates
DNA synthesis in various types of epithelial cells including
liver parenchymal cells (PC) (1,2). This mitogenic activity is
expressed through the specific binding of HGF to its recep-
tor, a c-met protooncogen product (1,2). In rats, after a par-
tial hepatectomy, the synthesis of HGF is induced in the
kidney, lung, and spleen (1), and HGF acts as a mitogen for
hepatocytes through the endocrine system. In addition, liver

! Faculty of Pharmaceutical Sciences, University of Tokyo, Hongo,
Bunkyo-ku, Tokyo 113, Japan.

2 Pharmaceuticals Research Center, Toyobo Co., Ltd., Otsu, Shiga
520-02, Japan.

3 Biomedical Research Center, Osaka University School of Medi-
cine, Suita, Osaka 565, Japan.

“To whom correspondence should be addressed.

Abbreviations: HGF, hepatocyte growth factor; EGF, epidermal
growth factor; RME, receptor-mediated endocytosis; PC, paren-
chymal; NPC, non-parenchymal; BSA, bovine serum albumin;
TCA, trichloroacetic acid.

1737

Report

non-parenchymal cells (NPC) also synthesize HGF, which
also acts through the paracrine system (3).

We have previously demonstrated that liver is the major
clearance organ for HGF and that both receptor-mediated
endocytosis (RME) and a non-specific uptake mechanism
contribute to the hepatic disposition (4,5). The liver consists
of heterologous cells including PC and NPC, and the HGF
receptor exists on PC. It is still unknown which cells con-
tribute mainly to the hepatic clearance although there would
be some possibility that PC may contribute a specific portion
to the hepatic clearance. HGF is considered to bind heparin-
like substances on the cell-surface (6) and/or the extracellu-
lar matrix (7). Since such heparin-like proteoglycans are dis-
tributed in ubiquitous tissues (8), NPC may also possibly
contribute to the clearance.

In this study, we examined the contribution of both PC
and NPC to the HGF clearance using microautoradiography
and a cell isolation technique.

MATERIALS AND METHODS

Materials

Human recombinant HGF was iodinated as described
previously (2). Epidermal growth factor (EGF, human re-
combinant, Wakunaga, Osaka) and Mannosylated BSA
(Man-BSA, Cosmo-bio, Tokyo) were radiolabeled as de-
scribed previously (9). The specific activity of !>’I-HGF,
125_EGF and '*’I-Man-BSA was 70-160, 188 and 405 Ci/g,
respectively.

Microautoradiography

Under light ether anesthesia, >’I-HGF (70 pCi/kg body
wt) or '*’I-EGF (35 nCi’kg body wt) was administered
through the tail vein. Ten min after the injection, the rats
were exsanguinated via the abdominal artery. The liver was
then removed and fixed in 20% buffered formalin. The par-
affin section (2 um) was mounted onto a glass slide. All stage
specimens were coated with photographic emulsion (NR-
H2, Konica) and the exposure was carried out at 4 °C for 35
days. The specimens were stained with hematoxylin and
photographed under a magnification of 150.

Determination of the Radioactivity in the Isolated Liver Cells
After the Administration of Iodinated Peptides

Under light ether anesthesia, an iodinated peptide (28
pCi’kg body wt) was administered through the femoral vein
and trichloroacetic acid (TCA)-precipitable radioactivity in
plasma was determined (4). Ten min after the administration,
the preperfusion buffer was perfused through the portal vein
for 10 min, followed by the collagenase-perfusion for 15 min,
and the radioactivity recovered in each outflow was deter-
mined (10). Finally, the liver was excised, and both PC and
NPC were isolated separately (10). Both the cell number and
the radioactivity were determined to calculate the radioac-
tivity per cell number. The yield of PC and NPC was 3-4.5 X
107 and 0.6-0.8 x 107 cells/g liver, respectively. The viability
assessed by trypan blue exclusion was more than 90% and
85% for PC and NPC, respectively. To estimate the radioac-
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tivity per liver weight, we cited the previous report that the
number of PC and NPC is 1.25 x 10® and 0.65 x 108 cells/g
liver, respectively (11).

Calculation of Uptake Clearance (CL,,paxc)

The plasma concentration (Cp) time profiles of the
TCA-precipitable radioactivity were fitted to the following
equation by the use of a nonlinear iterative least squares
method (4):

Cp = A exp(-at) + B exp(-pt) 1)
The CL, iake Was obtained by:
CLuptake = XIO/AUC(O-IO) )

where X, is the radioactivity in either PC or NPC at 10 min,
and AUC,_ o, was calculated using:

AUC.10) = ﬁ) 0 Cp dt = AXL - exp(-100))
+ B/(1 - exp(-10B)) (3)
RESULTS

Distribution of Radioactivity in the Liver After Intravenous
Administration of '2’I-HGF

Ten min after the intravenous administration of a tracer
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amount of '>’I-HGF, the distribution of radioactivity in the
liver was examined by microautoradiography and found to
be quite similar to that after injection of '*I-EGF (Fig. 1),
which is known to distribute mainly to PC (12). When we
isolated both cells and determined the radioactivities, 75.3%
of the total liver cell-associated radioactivity was attributed
to PC, while only 24.7% was attributed to NPC (Table 1). As
control experiments, we examined the distribution of '*°I-
Man-BSA, which is known to distribute mainly to NPC (13)
and of '*’I-EGF (Table 1). After '*’I-EGF administration,
97.3% of total liver cell-associated radioactivity was attrib-
uted to PC, while 75.4% was attributed to NPC after '*°I-
Man-BSA administration (Table I).

Eifect of the Coadministration of an Excess of Unlabeled
HGF or Heparin on the Distribution of >I-HGF

After the coadministration of an excess (80 pg/kg body
wt) of unlabeled HGF with a tracer '*I-HGF, the CL e
by NPC was almost comparable with that following the ad-
ministration of only a tracer amount of '*I-HGF (1.17 and
1.03 ml/min/kg body wt under tracer and excess dose con-
ditions, respectively), while the CL, ..k, by PC was remark-
ably lower (3.48 and 1.02 ml/min/kg body wt under tracer
and excess dose conditions, respectively) (Fig. 2A,2B). Af-
ter the coadministration of heparin, the CL by PC and

uptake
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Fig. 1. Distribution of radioactivity in the liver after intravenous administration of '**I-HGF or '*I-EGF. Ten min after the intravenous
administration of a tracer amount of '>’I-HGF (A) or '*I-EGF (B) into rats, the liver was excised, and the distribution of radioactivity

was determined by microautoradiography.



Clearance of Hepatocyte Growth Factor by Liver Parenchymal and Nonparenchymal Cells

Table I. Distribution of Radioactivity to PC and NPC After the In-
travenous Administration of '*’I-HGF, '?’I-EGF, or '*°]-
Mannosylated BSA¢

2. HGF 121.EGF 125.Man-BSA
PC 753 1.6 97.3 x1.2 247 + 1.4
NPC 24.7 £ 1.6 2.68 + 1.27 754 = 1.4

¢ Ten min after the intravenous administration of each iodinated
compound, both PC and NPC were isolated and counted. Each
value was normalized by the total liver cell-associated radioactiv-
ity determined by the summation of the value for PC and NPC, and
represents the mean *+ SE of three rats.

NPC were decreased to 1.27 and 0.357 ml/min/kg body wt,
respectively (Fig. 2A,2C).

Radioactivity Emergence in the Hepatic Qutflow During the
Pre-Perfusion and Collagenase-Perfusion for the
Cell Isolation

To recover the radioactivity leaked from the liver during
the cell isolation, we collected the outflow of the perfusion
(Table IT). During a preperfusion, both the TCA-precipitable
and -soluble radioactivity recovered in the outflow were
slight (1.74% and 4.51% of the dose, respectively) (Table II).
Interestingly, remarkable radioactivity emerged in the out-
flow immediately after the start of the collagenase perfusion,
and TCA-precipitable and -soluble radioactivity were 4.51%
and 7.89% of the dose, respectively (Table II). The sum of
the radioactivity found both in the plasma and in the liver
was more than 70% of the injected dose for each dosage
(Table II).

DISCUSSION

We have previously reported that both RME and a non-
specific uptake mechanism contribute to the hepatic dispo-
sition of HGF (4). However, whether PC or NPC contribute
to the disposition was still unknown. After the administra-
tion of a tracer amount of '**I-HGF, the distribution of ra-
dioactivity in the liver, as determined by microautoradiogra-
phy, was quite similar to that after the administration of 1%°I-
EGF (Fig. 1). In addition, more than 70% of the total liver
cell-associated radioactivity, which was estimated by the de-
termination of the radioactivity in both cells isolated after
the '?’I-HGF injection, was attributed to PC (Table I). These

" A B
S~ 4 4
=53

1]

v .2

3E?

SE

o

i

LY NPC LS

1739

results suggest that HGF distributes mainly to PC under rel-
atively low (<10 pmol/kg body wt) dose condition.

On the other hand, after the coadministration of an ex-
cess (8 nmol/kg body wt) of unlabeled HGF with '>’I-HGF,
the CL,, oy of '’I-HGF for PC was lower than that after the
tracer '“’I-HGF administration, while the CL, .. for NPC
was comparable with that after the tracer '*I-HGF admin-
istration (Fig. 2). Considering that the distribution volume of
12]_HGF is approximately 50 ml/kg body wt (4), the initial
plasma HGF concentration is considered to be approxi-
mately 20 nM, which is a thousand times larger than the
equilibrium dissociation constant of the HGF receptor (Kd
= 20-40 pM) (2). In addition, we had previously determined
the plasma HGF concentration ten min after the intravenous
administration of 80 pg/kg body wt of HGF by an enzyme-
linked immunosorbent assay, and found that the value was
approximately 530 pM (unpublished observation), which
was still 10-20 times the Kd value. Therefore, under such a
dose condition, almost all cell-surface receptors might be
occupied by unlabeled HGFE. The reason why only the
CL, ke for PC was reduced under such a high dose condi-
tion, was probably, the saturation of receptor binding on
the PC.

The contributions of PC and NPC to the HGF clearance
were almost identical under high dose conditions (Fig. 2B).
This suggests that we must consider the clearance of HGF
not only by PC, but also by NPC at relatively high doses. To
characterize the binding site on the surface of NPC, we have
to take the following information into consideration: (i) The
NPC except biliary epithelial cells do not have a HGF re-
ceptor (1); (i1) The distribution of HGF to NPC is relatively
non-specific, since the CL,,, .. of '*’I-HGF for NPC under
a high dose condition was comparable with that under a
tracer condition (Fig. 2); (iii) The distribution of HGF to
NPC could be reduced by the coadministration of heparin
(Fig. 2). This information hints at a possibility that heparin-
like substances exist also on NPC and bind to HGF. In fact,
heparin-like proteoglycans are distributed in ubiquitous tis-
sues (8). However, the identification of the binding site on
NPC must be awaited.

We found that a large amount of radioactivity emerged
during the collagenase perfusion after the administration of
12]_.HGF (Table II). Although the identification of this ra-
dioactivity must be awaited, one possibility is that this ra-
dioactivity represents HGF molecules loosely bound to an
extracellular matrix. Masumoto et al. found HGF activity in
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Fig. 2. CL, . of >’I-HGF by PC and NPC. Ten min after the intravenous administration of the
tracer '*’I-HGF, solely (A), or with an excess (80 pg/kg body wt) of unlabeled HGF (B) or
heparin (20 mg/kg body wt) (C), both PC and NPC were isolated and counted to determine the
uptake clearance calculated by Eq. (2). Each value represents the mean = SE of three rats. *:
Values are significantly different from control (p < 0.05).
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Table II. Recovery of Radioactivity in Plasma, PC and NPC, and Hepatic Outflow
During the Perfusion for the Cell Isolation®

Tracer (+) Excess
125I. HGF HGF (+) Heparin
[% of dose] [% of dose] [% of dose}
[Plasma]
TCA-precipitable 15,1 = 1.4 264 = 3.6* 43.0 * 4.5*%
-soluble 1.93 = 0.25 2.09 = 0.31 2.99 *+ 0.56
[Pre-perfusion]
TCA-precipitable 1.74 = 0.22 0.725 = 0.307* 1.16 = 0.18
-soluble 4.51 = 0.43 3.22 = 0.09 3.74 = 0.50
[Collagenase]
TCA-precipitable 4.51 = 0.25 3.52 +0.16 3.78 £ 0.29
-soluble 7.89 = 0.46 5.63 *=0.18 6.54 = 0.09
[PC] 246 = 1.5 13.3 = 0.3% 14.2 =+ 1.2*%
[NPC] 8.21 = 1.05 13.4 =08 4.09 = 0.24*

“ Ten minutes after the intravenous administration of the tracer '>’I-HGF, solely, or
with an excess (80 pg/kg body wt) of unlabeled HGF or heparin (20 mg/kg body wt),
the radioactivity in plasma was determined. After that, the preperfusion of 10 min
and the following collagenase perfusion of 15 min was done, and the radioactivity
which emerged in the outflow was counted. Both PC and NPC were isolated, and
the distribution of radioactivity was determined. To calculate the total radioactivity
in plasma, we assumed that the distribution volume was 52.3 ml/kg body wt. Each
value was normalized by the injected dose and represents the mean * SE of three

rats.

* Values are significantly different from control (p < 0.05).

the hepatic outflow during a perfusion of a hypertonic buffer
in rats (7). They speculated that such HGF activity came
from the extracellular matrix (7). The radioactivity emerged
in the collagenase perfusion may represent HGF molecules
bound to such a matrix, although we must consider the other
possibility that such radioactivity represents HGF molecules
bound to its receptor or a non-specific binding site on liver
cells which had been damaged by the collagenase treatment.

In conclusion: (i) The saturable portion of the hepatic
clearance of HGF exists only in PC; (i1)) HGF distributes not
only to PC, but also to NPC, and NPC contribute especially
to HGF clearance at relatively high doses of HGF. Such a
distribution of HGF in NPC is non-specific and heparin-
sensitive.
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